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INTRODUCTION
Recruiting players for talent pathways with the aim of developing 
them towards high performance is one of the main purposes of 
handball academies between the ages of 7–8 and 15–16 years [1]. 
Young talents often enjoy a wide range of high quality sporting ex-
periences with a positive impact on both the player (e.g., increased 
technical-tactical level) and the club (e.g., reputational gain) [2]. 
However, there are some influential factors in the talent development 
process that may modify the transition from the handball academy 
to high performance contexts, such as relative age and maturity 
status [3–5]. Whilst relative age and maturity status are two different 
constructs that are often used interchangeably, they are easily 
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confused in the talent identification and development systems imple-
mented by team sports academies [6].

The difference in chronological age between athletes of an age 
group according to their birthdate is known as ‘relative age’ [7]. This 
concept reflects the age difference between athletes born in the same 
selection year or biennial cycle, delimited by a previously established 
cut-off date, and its consequences are known as ‘Relative Age Ef-
fects’ (RAE or RAEs) [8]. This phenomenon has been analysed in 
different handball contexts with different results [9, 10]. However, 
the majority of research has identified a higher prevalence of RAEs 
in males and in formative categories (age groups 10/12–16/18 years), 
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evolution. Thus, while RAEs appear in late childhood and persist into 
adolescence and decline with age, differences with regard to matu-
rity status do not emerge until puberty and increase with age. For 
example, Radnor et al. [4] found in a study of young English foot-
ballers that 33% of players born in Q4, although fewer in absolute 
terms, had early maturity status compared to Q1, Q2 and Q3 
(10–30%).

In women’ sport, the impact of maturity status and relative age 
on physical performance is less clear-cut. Girls’ physical qualities 
(e.g., strength), although they develop earlier than boys’ due to ear-
lier maturation, do not increase as markedly throughout the sport 
development process as boys’ [15]. Furthermore, early maturation 
(i.e., increased body size and/or fat mass levels) may be detrimen-
tal in sports with high agility and coordination requirements [17]. 
These differences could influence performance in sports where phys-
ical attributes are decisive, such as handball [22]. With regard to 
RAE, there is no homogeneity of results. [23]. Factors such as the 
depth of competition, popularity or the number of active participants 
could be determinants for the lack of impact of relative age on play-
er recruitment processes and competition performance in women’ 
sport [24].

A number of studies in different sports have considered the rela-
tionships between relative age, maturity status, and physical perfor-
mance in young male athletes [25, 26]. To the best of our knowl-
edge, no study in handball incorporating the female gender has been 
carried out. Moreover, this phenomenon is yet to be explored in the 
context of handball, which is a sport characterised by physical attri-
butes and thus leaves young athletes vulnerable to the aforemen-
tioned biases. Therefore, the aim of the present study was to ana-
lyze the influence of biological maturity status and relative age on 
physical performance in young male and female handball players. 
According to previous research, the hypothesis of this study was that 
the biological maturity status of Spanish handball academy players 
had a greater impact than relative age on physical fitness tests 
performed.

MATERIALS AND METHODS 
Sample
A total of 89 handball players (males: n = 48; females: n = 41) 
belonging to U–13 (n = 30), U–14 (n = 17), U–15 (n = 18), U–16 
(n = 15) and U–17 (n = 9) age groups of the Spanish Handball 
Academy volunteered to participate in the cross-sectional study. Ac-
cording to playing position, the players were distributed as goalkeep-
ers (n = 7), wings (n = 30), first lines (center backs and backs) 
(n = 35), and pivots (n = 17). The inclusion criteria comprised of 
belonging to the structured training programme implemented by the 
academy’s qualified coaches whose development starts between the 
ages of 6 and 8 years in the club’s schools. Furthermore, none of 
the players reported being injured at the testing time or having suf-
fered a disabling injury or pathology in the previous three months. 
The parents and/or legal guardians of the minor players were duly 

attenuating as players get older and with some variance relative to 
playing position or the demands of the sport [11].

Biological maturation is defined as the rate of progress towards 
adulthood and can be considered through the concepts of ‘status’, 
‘timing’, and ‘tempo’ [12]. The ‘when’ and at what rate maturation-
al development occurs are factors that differ between young players, 
especially between the ages of 11 to 16 years for boys and 10 to 
15 years for girls [13, 14] with the potential for substantial variance 
in age of peak high velocity (i.e., some children maturing well in ad-
vance or delay of their same age peers). Therefore, the maturity sta-
tus of young players of the same chronological age could differ con-
siderably, as Johnson [14] demonstrated by identifying a five-to-six-year 
differential between athletes of the same age group in relation to 
skeletal age and somatic maturity. Individual differences in maturi-
ty timing are largely governed by a combination of genetic and en-
vironmental factors, and are of particular relevance from early ado-
lescence when pubertal changes in size and athleticism can afford 
specific (dis)advantages [15].

Individual differences in growth and maturation are critical for the 
identification and development of talented young athletes. Thus, ear-
ly maturational timing increases the likelihood of selection for talent 
programmes in sport compared to peers in the same age group with 
later maturation [4]. For example, Johnson et al. [16] identified that 
early maturing football players were more likely to be selected into 
England’s elite academies as the player progressed through the dif-
ferent age groups and, consequently, selection bias increased. Fur-
thermore, this same study reported that players with a more ad-
vanced maturity status tended to be retained in the system around 
20 times more than on-time and late maturers. One of the main rea-
sons for this is the relevance of anthropometric and physical factors 
in performance. Thus, on-time or late maturers tend to be less tall 
and have less lean muscle mass [17], perform lower on strength and 
power tests [18], and develop 20% lower sprint speed than early 
maturers [19].

Considering the impact of the RAE on talent identification and 
development programmes, it is worth asking whether maturity sta-
tus and relative age converge and whether one of them is more prev-
alent throughout the process, especially associated with physical 
performance. A study by Parr et al. [5] concluded, with a sample of 
84 football players aged 11–16 years, that the mixed impact of rel-
ative age and maturity status on physical performance was differ-
ential but small, not considering both factors mutually influential. 
Moreover, separate analysis yielded different correlation values be-
tween physical performance and RAEs (r = 0.19 – 0.23; weak) and 
maturity status (r = 0.71 – 0.75; strong). Cumming et al. [20] and 
Sweeney et al. [3] went one step further affirming that relative age 
should not be treated as a proxy indicator for biological maturation 
because older age within an age group would not necessarily imply 
more advanced maturation. In the same line, Hill et al. [21] and 
Johnson et al. [16] argued, not only that RAE and maturity status 
operate separately, but that there is a time lag in their onset and 
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informed by means of an informed consent in order to be able to 
extract, record, and use the data derived from the study. The project 
and the scientific use of the data was approved by the Ethics Com-
mittee of the Universidad Politécnica de Madrid (2020-089; 2020-
090; 2020-091) in compliance with the Declaration of Helsinki.

Procedures
The physical performance tests were conducted based on the recom-
mendations established by the National Strength and Conditioning 
Association (NSCA) [27], with all players at rest before completing 
the tests in the following order: (a) anthropometric measurements, 
(b) physical fitness tests, and (c) sport-specific tests. Anthropometric 
data were used to calculate the biological maturity status.

Anthropometric Assessment
Standing height was measured with a stadiometer to the nearest 
0.1 cm. (SECA, 216, Vogel & Halke, Hamburg, Germany). In addi-
tion, a 40 × 50 × 30 cm wooden anthropometric box (Smart Met, 
Jalisco, Mexico) was used for sitting height. Body mass was measured 
to the nearest 0.1 kg. on a digital scale (SECA, 876, Vogel & Halke, 
Hamburg, Germany). Parental stature was provided in centimetres 
for each father and mother and then converted to inches to adjust 
for overestimation [28]. The following adjustment factor was used 
for males (y = 2.316 + 0.955x) and for females (y = 2.803 + 
0.953x), where ‘y’ was the adjusted height and ‘x’ was the self-re-
ported value. All the measurements were carried out according to 
the International Standards for Anthropometric Assessment 
(ISAK) [29] by accredited staff (level 2).

Biological Maturity Status
The biological maturity status was calculated from the Khamis-Roche 
equation validated especially for white Caucasian children. This 
equation provides the predicted adult height (PAH) using a regres-
sion formula based on gender-specific coefficients [30]. Estimated 
biological maturity status was expressed as a z-score relative to 
age-specific reference values for males and females, using the 
percentage of predicted adult height (% PAH) attained at the time 
of measurement and half-year age and sex-specific means and 
standard deviations from the Berkeley Guidance Study [31]. These 
maturity status classifications have shown a moderate correlation 
with other maturational classifications based on skeletal age in 
both males and females [32]. The z-scores associated with the % 
PAH were used to classify handball players as “late maturers”(z-
score < – 0.5), “on-time maturers” (-0.5 < z-score < + 0.5), or 
“early maturers” (z-score > + 0.5), as in other studies of youth 
team players. This less conservative and more sensitive criterion 
was used in order to reduce the differences derived from categoris-
ing players according to notably different maturity status, as with 
the traditional criterion (± 0.99 z-score) we could find a larger 
differential in growth and maturation determinants factors such as 
skeletal age (approximately two years) [21, 33].

Relative Age
Players were categorised into eight quartiles (Q) according to relative 
age based on their birthdate and cut-off date for the respective bien-
nial cycle established by the International Handball Federation (IHF). 
The players were grouped as follows according to even/odd-numbered 
years: Quartile 1/5 (Q1/Q5): January 1–March 31; Quartile 2/6 (Q2/
Q6): April 1–June 30; Quartile 3/7 (Q3/Q7): July 1–September 30; 
Quartile 4/8 (Q4/Q8): October 1–December 31.

Physical Fitness Tests
The countermovement jump (CMJ) and drop jump (DJ) test were 
performed to evaluate the elastic-explosive manifestation and reactive 
strength of the lower body strength respectively. The tests were car-
ried out on a contact platform (Chrono Jump Bosco System ®, Spain) 
and the jump height was measured in centimetres. The margin of 
error of the microcontroller was 0.1% and the validity of the fiberglass 
platform was 0.95 (ICC) [34]. Prior to the test, the players were 
instructed in each of the jumping technique [35]. Both tests were 
preceded by a warm-up jump at 50% and 75% of the self-determined 
maximum effort of the players and each of them performed a practice 
jump for familiarisation. Three attempts were made with a 60-seconds 
passive recovery [36]. If the range of jump height variation was ³ 
0.4 cm, additional jumps were performed until the threshold was 
satisfied and the mean height was taken. The difference in vari-
ances between groups (two vs. three attempts) was tested by means 
of a t-test with a significance level of p > 0.05.

The T-test was conducted to examine the timed agility of the play-
ers according to Pauole et al. [37] protocol. Players were instructed 
to finish the ‘T’ circuit (9.14 m × 4.47 m on both sides) in the short-
est time. Prior to test, all players completed warm-up efforts at 75% 
of their self-determined maximum and were allowed to perform a fa-
miliarisation attempt with the circuit. Two attempts were made, with 
a 2-minute passive recovery between them, taking the average time 
of both as the final test result measured by a photoelectric cell gate 
(Chrono Jump, Bosco System, Barcelona, Spain) with almost per-
fect reliability (ICC = 0.999–1.000) [34].

The 20 m linear speed test was used to evaluate the running 
speed of players. The course will consist of a straight-line run ask-
ing the players to run at the maximum possible speed to cross two 
photoelectric cell gates (Chrono Jump, Bosco System, Barcelona, 
Spain; ICC = 0.999–1.000) [34] separated by 20 m. Time and 
speed were recorded after the completion of two attempts separat-
ed by a 3-minute passive recovery, having previously warmed up to 
75% of their maximum self-perceived effort. The best 20 m time 
was used for further analysis.

The throwing speed test was performed to measure the speed in 
the specific throwing action in handball. Thus, the speed was exam-
ined in a throwing situation at a distance of 9 m with a 3-step run 
and a final jump with one foot. The ball used was the one estab-
lished by the IHF regulations for each gender and competitive level. 
A radar gun (Stalker Pro Inc., Plano, TX, USA; ICC = 0.987–1.000 [38]), 
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Table 2 shows the performance values (X ± SD) for each of the 
five physical fitness tests performed according to biological maturi-
ty status, relative age, and gender. The CMJ test results showed sig-
nificant differences between the different maturity groups 
(F(2,86) = 4.55, p < 0.05, η2 = 0.10), with higher jumping height 
values in the early maturers (X ± SD = 29.99 ± 5.96) than late ma-
turers (X ± SD = 26.07 ± 4.62). Analysing the sample by gender, 
the impact of the biological maturity status on the CMJ test was sig-
nificant in boys (F(2,45) = 5.72, p < 0.01, η2 = 0.20), with higher 
jump scores registered in the early maturers (X ± SD = 33.53 ± 5.85) 
than in the late maturers (X ± SD = 27.06 ± 5.65), while in girls 
the effect disappeared (p > 0.05). According to playing position, bi-
ological maturity status influenced jump height in the CMJ test car-
ried out by first lines (F(2,32) = 3.92, p < 0.05, η2 = 0.20), with 
higher values in early (X ± SD = 30.42 ± 5.52) than in late matur-
ers (X ± SD = 25.04 ± 3.67). No significant correlation was found 
in the remaining physical fitness tests (p > 0.05). No correlation 
was also found between relative age and physical fitness tests 
(p > 0.05) (Table 3).

Physical fitness tests regressions carried out by gender showed 
biological maturity status in boys explained 27.90% of the variance 
obtained in the CMJ test (R2 = 0.28, F(1,46) = 19.18, p < 0.001), 
rising to 61.70% in early maturing boys (R2 = 0.62, F(1,13) = 23.54, 
p < 0.001). In girls, biological maturity status explained 31.60% 
of the variance registered in the CMJ test on-time maturers (R2 = 0.32, 
F(1,9) = 5.61, p < 0.05).

In relation to age group, 19.30% of the change in T-test scores 
achieved by U–14 players (R2 = 0.19, F(1,15) = 4.83, p < 0.05) 
and 37.40% of the change in CMJ scores performed by U–16 play-
ers (R2 = 0.37, F(1,13) = 9.35, p < 0.01) were explained by the bi-
ological maturity status.

In the combined gender and age group analysis, 38.50% of the 
variance recorded in the throwing velocity test scores in U–17 fe-
male players (R2 = 0.38, F(1,7) = 6.00, p < 0.05) and 31.70% of 
the variance in the CMJ test scores in U–13 female players (R2 = 0.32, 
F(1,14) = 7.97, p < 0.05) were explained by the biological maturi-
ty status. In U–15 and U–16 male players, the variance in CMJ test 
scores could be explained by the biological maturity status by 42.90% 
(R2 = 0.43, F(1,7) = 7.02, p < 0.05) and 72.60% (R2 = 0.73, 
F(1,12) = 32.79, p < 0.001), respectively.

Based on playing position, the biological maturity status explained 
29.90% of the CMJ test scores performed by male first line players 
(R2 = 0.30, F(1,17) = 8.69, p < 0.01) and 50.80% of those achieved 
by male wing players (R2 = 0.51, F(1,13) = 15.47, p < 0.01).

Regression analyses showed no differences in physical fitness 
across the RAE groups (p > 0.05).

DISCUSSION 
The present study aimed to analyse the impact of biological matu-
rity status and relative age on physical fitness tests performed by 
male and female players belonging to a Spanish handball academy 

with a sampling frequency of 100 Hz and a sensitivity of 0.045 m/s, 
was placed 1 m behind the goal net and perpendicular to the play-
er with the aim to eliminate possible angle errors [39]. Prior to the 
test, a standardised warm-up specific to handball was performed. 
Each player made two attempts with a 1-minute passive recovery. 
The best speed result was used for further analysis.

Statistical Analysis
The analyses were conducted with SPSS (Version 26). Data are 
expressed as mean and standard deviation (X ± SD). Absolute and 
relative frequency counts were used to determine the number of 
handball players within each quartile (Q1–Q8) and each biological 
maturity z-score (i.e., early, on-time, late), according to gender, play-
ing position, and age group. The assumption of normality of each 
variable was assessed by Kolmogorov–Smirnov test (n ³ 50), and 
Shapiro-Wilk’s test (n < 50) and Levene’s test was carried out to 
verify the homogeneity of variances. A Pearson’s correlation was run 
to analyse the relationship between biological maturity status and 
relative age and the physical fitness tests. A one-way ANOVA was 
conducted to test for differences in physical fitness tests between 
groups according to the biological maturity status and relative age. 
Moreover, Tukey-Kramer’s post hoc test was performed to confirm 
the difference between biological maturity groups. Partial eta-squared 
(ŋp2) was used to evaluate the effect size of the differences between 
groups, considering small (0.01), medium (0.06), or large value 
(0.14) [40]. Furthermore, a linear regression was performed to ex-
amine the impact of biological maturity status and relative age on 
physical fitness tests scores. The value of p < 0.05 was set as 
significant for all statistical comparisons.

RESULTS 
The sample descriptive statistics according to the biological matu-
rity status and relative age of male and female players are shown in 
Figures 1 and 2(a-c), respectively. With regard to maturity status, 
34 early (38.20%), 26 on-time (29.21%), and 29 late maturers 
(32.59%) were identified. In relation to relative age, the sample was 
distributed in the following quartiles (Q): Q1 (n = 10; 11.3%); Q2 
(n = 8; 9.00 %); Q3 (n = 6; 6.70 %); Q4 (n = 8; 8.90 %); Q5 
(n = 11; 12.30 %); Q6 (n = 21; 23.60 %); Q7 (n = 15; 16.90 
%); and, Q8 (n = 10; 11.20 %).

The correlations between biological maturity status and relative 
age and the five physical fitness tests are presented in Table 1. A pos-
itive correlation between biological maturity status and CMJ 
(r = 0.540; p < 0.001) was identified in male players. Figure 3 pres-
ents in detail (scatter plot) the marks obtained by male and female 
players in the CMJ test according to the biological maturity status 
based on the percentage of adult height (% PAH).No significant cor-
relations in the remaining physical fitness tests with regard to the 
biological maturity status and relative age were observed (p > 0.05, 
all).
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FIG. 1. Player characteristics by biological maturity status.

FIG. 2a. Player characteristics by relative age according to gender.
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FIG. 2b. Player characteristics by relative age according to playing position.

FIG. 2c. Player characteristics by relative age according to age group.
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TABLE 1. Correlation between relative age/biological maturity status and physical fitness tests according to gender.

Physical Fitness Tests

CMJ DJ 20 m. speed T-test Throwing velocity

Women Players (n = 41)
RA 0.20 −0.15 0.18 −0.04 0.09

BMS 0.12 0.01 0.08 0.01 0.11

Men Players (n = 48)
RA −0.17 −0.21 −0.05 0.02 0.14

BMS 0.54** 0.23 0.01 0.05 −0.13

All Players (n = 89)
RA −0.19 −0.18 0.08 0.02 0.08

BMS 0.16 0.10 0.08 0.06 −0.05

Notes: CMJ = countermovement jump; DJ = drop jump. *p < 0.05; **p < 0.001.

TABLE 2. Anthropometric characteristics and descriptive statistics (X ± SD) of physical fitness tests according to the biological maturity 
status (early, on-time and late) of female and male handball players.

Early Maturers On-time Maturers Late Maturers
p ηp2

X SD X SD X SD
Height

All 167.42 7.81 162.09 7.66 162.38 7.52 - -

Females 163.69 5.09 158.38 1.63 159.42 3.17 - -

Males 170.91 8.43 164.80 9.18 165.01 9.23 - -

Weight

All 59.44 7.05 55.60 3.61 56.22 5.07 - -

Females 58.69 4.52 52.31 2.10 52.85 4.37 - -

Males 60.15 8.91 58.01 2.33 59.22 3.57 - -

CMJ

All 29.99a 5.96 28.20 4.87 26.07a 4.62 0.013* 0.10

Females 26.20 3.11 25.85 4.01 24.96 2.87 0.574 0.03

Males 33.53a 5.85 29.93 4.84 27.06a 5.65 0.006** 0.20

DJ

All 25.56 7.15 21.84 5.33 23.18 8.37 0.154 0.04

Females 24.45 5.27 20.71 6.41 24.12 9.70 0.416 0.05

Males 26.59 8.61 22.66 4.44 22.34 7.18 0.178 0.07

20 m. speed

All 3.47 0.31 3.46 0.20 3.43 0.28 0.881 0.00

Females 3.50 0.32 3.51 0.18 3.45 0.29 0.841 0.01

Males 3.44 0.31 3.43 0.22 3.42 0.29 0.985 0.00

T-test

All 12.69 1.25 12.71 0.89 12.55 1.11 0.815 0.01

Females 12.70 1.24 12.92 0.79 12.63 1.19 0.806 0.01

Males 12.68 1.30 12.57 0.96 12.48 1.06 0.873 0.01

Throwing velocity

All 69.24 9.94 70.67 9.39 70.53 10.65 0.838 0.00

Females 70.24 9.07 67.86 8.90 68.83 11.25 0.834 0.01

Males 68.31 10.93 72.72 9.49 72.04 10.16 0.445 0.04

Notes:CMJ = countermovement jump; DJ = drop jump. a = differences between early and late maturers; b = differences between 
early and on-time maturers; c = differences between on-time and late maturers *p < 0.05. **p < 0.01.
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TABLE 3. Descriptive statistics (X ± SD) of physical fitness tests according to the relative age (Q1 – Q8) of female and male handball 
players.

PFT
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

p ηp2

X SD X SD X SD X SD X SD X SD X SD X SD
CMJ

All 28.7 7.2 30.6 6.1 27.8 6.9 30.8 6.1 28.0 6.8 26.6 3.8 27.5 4.5 26.5 3.0 0.475 0.08

Females 22.8 2.5 - - 22.5 3.1 27.0 3.1 26.2 2.8 26.3 3.8 26.2 3.8 24.0 0.9 0.378 0.16

Males 31.3 7.1 30.6 6.1 30.5 6.9 32.1 6.5 29.5 8.9 27.2 4.1 31.1 6.2 28.1 2.8 0.862 0.07

DJ

All 26.3 4.8 24.2 7.4 24.1 11.2 24.4 9.4 24.6 9.5 23.5 6.7 21.2 6.1 21.9 5.7 0.802 0.05

Females 27.8 5.8 - - 19.7 12.3 23.8 9.6 23.7 9.9 24.8 7.6 21.0 6.2 22.3 9.7 0.493 0.08

Males 25.6 4.6 24.2 7.4 26.3 11.8 24.6 10.2 25.3 10.1 20.9 3.6 21.7 6.9 21.6 1.7 0.870 0.07

20 m. speed

All 3.3 0.3 3.5 0.3 3.4 0.3 3.5 0.4 3.4 0.2 3.4 0.3 3.6 0.2 3.4 0.3 0.573 0.07

Females 3.2 0.2 - - 3.6 0.1 3.6 0.6 3.4 0.2 3.5 0.3 3.5 0.2 3.6 0.4 0.633 0.10

Males 3.4 0.3 3.5 0.3 3.3 0.3 3.5 0.4 3.4 0.3 3.4 0.2 3.6 0.5 3.3 0.2 0.599 0.12

T-test

All 12.3 1.0 12.7 0.9 12.9 1.3 12.9 1.6 12.9 1.0 12.4 1.2 12.7 0.9 12.7 1.1 0.831 0.04

Females 12.6 0.9 - - 13.5 0.1 13.1 2.6 12.9 0.7 12.5 1.2 12.6 0.9 13.2 1.4 0.507 0.08

Males 12.2 1.1 12.7 0.9 12.7 1.6 12.8 1.4 12.8 1.3 12.2 1.2 13.1 0.8 12.3 0.8 0.832 0.08

Throwing velocity

All 70.6 9.2 68.5 10.6 69.5 11.9 66.6 11.4 70.3 11.0 70.3 11.6 70.6 8.3 73.1 7.3 0.956 0.02

Females 72.0 10.5 - - 59.2 9.5 72.0 11.3 67.2 5.9 67.4 12.6 71.1 7.8 72.6 7.0 0.644 0.10

Males 70.0 9.4 68.5 10.6 74.6 10.1 64.8 11.9 72.9 14.0 76.0 7.1 69.2 10.8 73.4 8.1 0.613 0.12

Notes: PFT = physical fitness test; CMJ = countermovement jump; DJ = drop jump. *p < 0.05. **p < 0.01.

FIG. 3. CMJ test scores of male and female handball players according to biological maturity status (BMS) based on percentage of 
adult height (% PAH).
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based on three modulating variables (i.e., gender, playing position, 
and age group). Results showed biological maturity status was as-
sociated with CMJ performance in male players whereas relative age 
presented no relationship level with the scores obtained in the phys-
ical fitness tests. Specifically, an advanced maturity status was as-
sociated with higher performance in the CMJ test, especially in the 
case of early maturing boys (by gender), belonging to the U–15 and 
U–16 male age groups (by gender and age group), and first lines and 
wings (by playing position). On the other hand, no differences in 
physical performance were found among female players according 
to the biological maturity status and relative age. Nevertheless, bio-
logical maturity status functioned as a performance predictor, less 
powerful than for boys, in the throwing velocity test in U–17 female 
players and in the CMJ test in U–13 female players.

The main result indicates physical performance in young hand-
ball players was more influenced by biological maturity status than 
by relative age. Similar results were obtained by Parr et al. [5] in 
a sample of 84 male football players aged between 11.3 and 
16.2 years confirming a higher correlation between biological matu-
rity status and physical performance. Moreover, a recent study in two 
English football academies with male players aged between 8.1 and 
18.9 years found that the impact of maturity status on sprinting abil-
ity was greater than that of relative age, with early maturers obtain-
ing better times and velocities [4]. Therefore, this evidence would 
support the idea that the two constructs–biological maturity status 
and relative age–operate independently and the functional advantag-
es associated with an advanced maturity status may not be attrib-
uted to RAEs [16].

It should be noted that the two factors (biological maturity status 
and relative age) do not coincide in the same period of children’s de-
velopment so the physical (dis)advantages on the talent selection 
process will not be the same. [6]. Thus, while RAEs operate in child-
hood and is maintained (although generally decreasing) throughout 
adolescence, the maturational bias emerges with the onset of puber-
ty and increases in magnitude with adolescence [12, 21]. Indeed, 
Johnson et al. [16] identified a higher likelihood of selection to elite 
U–17 teams for early maturers (20 times) than for relatively older 
players at the start of developmental programmes (2.2 times). The 
most plausible explanation would lie in the temporary gain in phys-
ical and anthropometric qualities attributed to early maturers, with 
late maturers being excluded to a greater extent throughout the for-
mative stages.

Although the impact of the biological maturity status on physical 
performance seems to be discrete, the scientific literature agrees that 
the CMJ is one of the tests most influenced by maturity status [4, 5], 
with high values of variance being in jump height [41]. Specifically, 
the results of the present study even explained 61.70% of the vari-
ance recorded in the CMJ for early maturing male players. Since the 
CMJ expresses the power of the lower limbs playing a fundamental 
role in the jumping actions of handball (e.g., defensive blocking) [22], 
it is interesting to note that male players of advanced maturity 

status obtained greater jump heights. A higher percentage of lean 
mass and larger body size (height and weight), due to a more in-
tense adolescent growth spurt, could be the main determinants of 
the superior physical performance of early maturers [42]. On the oth-
er hand, it is worth noting the lack of impact of biological maturity 
status on sprinting ability. A training method not primarily aimed at 
improving sprinting ability in handball due to the lower relevance in 
the game to the detriment of other abilities (i.e., strength) and high-
er height and weight values at this age (14.17 ± 1.39 years) than 
other sports such as football [43], could be two of the explanations. 
Nevertheless, it would be appropriate to analyse this relationship 
separately for playing positions with a greater displacement speed 
(e.g., wings).

Furthermore, the impact of biological maturity status on CMJ was 
amplified in the U–16 male age group (72.60 % of the variance). 
Entering adolescence produces a series of body changes that lead to 
the development of higher strength levels [44]. This appears to be 
multiplied in children aged 11–15 years [45] as well as in early ma-
turers [17], providing a sporting advantage over less mature peers. 
Neuromuscular gains due to increasingly higher intensity and vol-
ume of training as the chronological age increases could explain the 
performance differential in the CJM test [46]. Therefore, chronolog-
ical age and biological maturity status could be playing a dual role 
on jumping ability of handball players in formative sporting stages. 
On the other hand, a notable influence of biological maturity status 
(50.80% of the variance) was identified in the CMJ test in wing male 
players. The game-specific physical demands cause this playing po-
sition to require a higher jumping ability [47]. Nevertheless, and in 
comparison to other playing positions where the variance in maturi-
ty status was not as wide (e.g., pivot), it is necessary to highlight 
that the performance differences in jumping ability is not only influ-
enced by an advanced maturity status but also by a well-developed 
jumping ability throughout the training process [48].

The results are not as clear for adolescent women as in previous 
studies [49]. While jumping ability was influenced by biological ma-
turity status in the U–13 age group (31.70% of the variance), throw-
ing velocity was explained by 38.50% in the U–17 age group. This 
highlights the different impact of the biological maturity status on 
physical performance among girls throughout adolescence [33]. Ear-
ly maturing girls typically experience exponential body size growth in 
early adolescence that allows them to develop higher strength levels 
in jumping or sprinting tests. However, these strength levels seem not 
to be as decisive in tests such as the CMJ or 20 m sprint as this stage 
develops, due to increases in body fat leading to a loss of agility lev-
els [17]. Conversely, lower limb strength levels become less impor-
tant in the throwing action throughout adolescence to the detriment 
of anthropometric perimeters and upper limb strength levels [50]. 
Therefore, this could mean that the impact of the biological maturity 
status would be greater in higher age groups such as U-17.

This study is not without its limitations. First, the research was 
carried out in a single academy at a handball club and with an 
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point of drop-out, but stakeholders should find the right strategy to 
retain him/her and develop his/her future potential by providing 
adapted competitive experiences. Therefore, regular growth and 
maturation assessment within talent development systems is neces-
sary to monitor and track the physical performance of young male 
and female handball players. The implementation of training and 
competition strategies based on biological maturational status (e.g., 
bio-banding) [51] should be considered in order to reduce the play-
er selection and retention bias according to anthropometric and 
physical factors. Nevertheless, it is worth noting the need for prospec-
tive studies with larger samples to analyse the impact of the matu-
rity status and RAE on selection and performance.
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available sample of boys and girls aged over 12 years, so in terms 
of statistical testing the sample could be considered small. Second, 
parental heights for the PAH were self-reported, rather than mea-
sured, and subsequently adjusted for overestimation. Third, the equa-
tion generally used for the prediction of adult height was validated 
on Caucasian children and may not be appropriate for the calcula-
tion of biological maturity status in children of other ethnicities. 
Fourth, no reference data (i.e., Spanish growth reference data) was 
used for the calculation of the z-scores which could influence the 
categorisation of the players according to the biological maturity sta-
tus. Finally, the non-use of force plates for the evaluation of the jump-
ing tests (CMJ and SJ) did not allow for a full exploration of the per-
formance strategy (e.g., direct measurement of force applied).

CONCLUSIONS 
This study, considered as an initial exploration of the topic, determined 
the impact of biological maturity status on the physical performance 
of young handball players, whilst no effect was observed for relative 
age. Specifically, the maturity status affected the CMJ test scores, 
showing that the more mature players (male, U–15/U–16, and wings 
and first lines) performed better than the rest. The results was not 
as clear-cut for female handball players. These findings should serve 
to understand, both for stakeholders and practitioners, that these 
two constructs can have a different influence on the athlete physical 
performance. Thus, a late maturing or relatively young player should 
not be relegated within talent development programmes, even to the 

1. Spinger LS. Can I Make it ? Exploring the 
Transition Process into a Handball 
Academy in Germany. University of 
Thessaly; 2016.

2. Sweeney L, Horan D, MacNamara Á. 
Premature Professionalisation or Early 
Engagement? Examining Practise in 
Football Player Pathways. Front Sport Act 
Living. 2021; 3:1–9. doi/10.3389 
/fspor.2021.660167/full.

3. Sweeney L, Cumming SP, MacNamara Á, 
et al. A tale of two selection biases: The 
independent effects of relative age and 
biological maturity on player selection in 
the Football Association of Ireland’s 
national talent pathway. Int J Sports Sci 
Coach. 2022; 174795412211261 
. doi/10.1177/17479541221126152.

4. Radnor JM, Staines J, Bevan J, et al. 
Maturity Has a Greater Association than 
Relative Age with Physical Performance 
in English Male Academy Soccer Players. 
Sports. 2021; 9:171. doi/ 10.3390 
/sports9120171.

5. Parr J, Winwood K, Hodson-Tole E, et al. 
The main and interactive effects of 
biological maturity and relative age on 
physical performance in elite youth soccer 
players. J Sports Med. 2020; 2020:1–11. 
doi.10.1155/2020/1957636.

6. Towlson C, MacMaster C, Parr J, et al. 

One of these things is not like the other: 
time to differentiate between relative age 
and biological maturity selection biases in 
soccer? Sci Med Footb. 2022; 
6:273–276. doi/full/10.1080/2473393
8.2021.1946133.

7. Helsen WF, Baker J, Michiels S, et al. 
The relative age effect in European 
professional soccer: Did ten years of 
research make any difference? J Sport 
Sci. 2012; 30:1665–1671. doi/abs/10 
.1080/02640414.2012.721929.

8. Musch J, Grondin S. Unequal 
Competition as an Impediment to 
Personal Development: A Review of the 
Relative Age Effect in Sport. Dev Rev. 
2001; 21:147–167. doi/10.1006/drev 
.2000.0516.

9. Schorer J, Cobley S, Büsch D, et al. 
Influences of competition level, gender, 
player nationality, career stage and playing 
position on relative age effects. Scand 
J Med Sci Sports. 2009; 19:720–730. 
doi/10.1111/j.1600-0838.2008 
.00838.x.

10. Wrang CM, Rossing NN, Diernæs RM, 
et al. Relative Age Effect and the 
Re-Selection of Danish Male Handball 
Players for National Teams. J Hum Kinet. 
2018; 63:33–41. doi/10.2478/hukin 
-2018-0004.

11. de la Rubia A. El efecto de la edad 
relativa: la prevalencia y el impacto sobre 
el rendimiento en competición en 
jugadores de balonmano internacionales. 
Universidad Politécnica de Madrid; 
2021. http://oa.upm.es/67999/.

12. Malina RM, Rogol AD, Cumming SP, 
et al. Biological maturation of youth 
athletes: assessment and implications. Br 
J Sports Med. 2015; 49:852–859. 
doi/10.1136/bjsports-2015-094623.

13. Soliman A, De Sanctis V, Elalaily R, et al. 
Advances in pubertal growth and factors 
influencing it: Can we increase pubertal 
growth? Indian J Endocrinol Metab 
2014; 18:53. doi/10.4103/2230 
-8210.145075.

14. Johnson A. Monitoring the immature 
athlete. Aspetar Sport Med J. 2015; 
4:114–118.

15. Malina RM, Cumming SP, Rogol AD, 
et al. Bio-banding in youth sports: 
background, concept, and application. 
Sport Med. 2019; 49:1671–1685.  
doi.org/10.1007/s40279-019-01166-x.

16. Johnson A, Farooq A, Whiteley R. 
Skeletal maturation status is more 
strongly associated with academy 
selection than birth quarter. Sci Med 
Footb. 2017; 1:157–163. doi.org/10.10
80/24733938.2017.1283434.

REFERENCES 



Biology of Sport, Vol. 41 No3, 2024   13

Alfonso de la Rubia et al. Maturity status and relative age in young handball players

17. Brown KA, Patel DR, Darmawan D. 
Participation in sports in relation to 
adolescent growth and development. 
Transl Pediatr. 2017; 6:150–159. 
doi/10.21037/tp.2017.04.03

18. Figueiredo AJ, Gonçalves CE, Coelho 
e Silva MJ, et al. Characteristics of youth 
soccer players who drop out, persist or 
move up. J Sport Sci. 2009; 27:883–891. 
doi/abs/10.1080/0264041090294 
6469.

19. Malina RM, Ribeiro B, Aroso J, et al. 
Characteristics of youth soccer players 
aged 13–15 years classified by skill level. 
Br J Sports Med. 2007; 41:290–295. 
doi/10.1136/bjsm.2006.031294.

20. Cumming SP, Searle C, Hemsley JK, et al. 
Biological maturation, relative age and 
self-regulation in male professional 
academy soccer players: A test of the 
underdog hypothesis. Psychol Sport 
Exerc. 2018; 39:147–153. 
doi/10.1016/j.psychsport.2018.08.007

21. Hill M, Scott S, Malina RM, et al. 
Relative age and maturation selection 
biases in academy football. J Sport Sci. 
2020; 38:1359–1367. doi/full/10.1080
/02640414.2019.1649524.

22. Massuca L, Branco B, Miarka B, et al. 
Physical Fitness Attributes of 
Team-Handball Players are Related to 
Playing Position and Performance Level. 
Asian J Sports Med. 2015; 6:2–6. 
doi/10.5812/asjsm.24712

23. de la Rubia A, Lorenzo-Calvo J, 
Lorenzo A. Does the Relative Age Effect 
Influence Short-Term Performance and 
Sport Career in Team Sports? 
A Qualitative Systematic Review. Front 
Psychol. 2020; 11:1–27. doi/10.3389 
/fpsyg.2020.01947/full.

24. Smith KL, Weir PL, Till K, et al. Relative 
age effects across and within female 
sport contexts: A systematic review and 
meta-analysis. Sport Med. 2018; 
48:1451–1478. doi.org/10.1007/s402 
79-018-0890-8.

25. Massa M, Moreira A, A. Costa R, et al. 
Biological maturation influences selection 
process in youth elite soccer players.  
Biol Sport. 2022; 39:435–441. doi/10 
.5114/biolsport.2022.106152.

26. Arede J, Cumming SP, Leite N. David Vs. 
Goliath Playing Against Maturity Matched 
or Un-Matched Opposition Results in 
Distinct Physical Performance and 
Spatial Exploration Behavior. J Sport 
Psychol. 2021; 30:56–62.

27. Baechle TR, Earle RW. Essentials of 
strength training and conditioning. 
Human Kinetics; 2008.

28. Epstein LH, Valoski AM, Kalarchian MA, 
et al. Do Children Lose and Maintain 
Weight Easier Than Adults: A Comparison 
of Child and Parent Weight Changes From 
Six Months to Ten Years. Obes Res. 
1995; 3:411–417. doi/10.1002/j 
.1550-8528.1995.tb00170.x.

29. Stewart A, Marfell-Jones M, Olds T, et al. 
International society for the advancement 
of kinanthropometry: International 
standards for anthropometric 
assessment. Int. Soc. Adv. 
Kinanthropometry. 2011; 115.

30. Khamis HJ, Roche AF. Predicting adult 
stature without using skeletal age-the 
Khamis-Roche Method. Pediatrics. 
1994; 94:504. doi.org/10.1542 
/peds.94.4.504

31. Bayer LM, Bayley N. Growth diagnosis: 
Selected methods for interpreting and 
predicting physical development from one 
year to maturity. Oxford, England: Univer. 
Chicago Press; 1959.

32. Malina RM, Dompier TP, Powell JW, et al. 
Validation of a Noninvasive Maturity 
Estimate Relative to Skeletal Age in Youth 
Football Players. Clin J Sport Med. 2007; 
17:362–368. doi/10.1097/JSM 
.0b013e31815400f4.

33. Drenowatz C, Wartha O, Klenk J, et al. 
Differences in Health Behavior, Physical 
Fitness, and Cardiovascular Risk in Early, 
Average, and Late Mature Children. 
Pediatr Exerc Sci. 2013; 25:69–83. 
doi/10.1123/pes.25.1.69

34. Pueo B, Penichet-Tomas A, 
Jimenez-Olmedo J. Reliability and 
validity of the Chronojump open-source 
jump mat system. Biol Sport. 2020; 
37:255–259. doi/10.5114/biolsport 
.2020.95636.

35. Lloyd RS, Oliver JL. The Youth Physical 
Development Model. Strength Cond J. 
2012; 34:61–72. doi/10.1519/SSC 
.0b013e31825760ea.

36. Read MM, Cisar C. The Influence of 
Varied Rest Interval Lengths on Depth 
Jump Performance. J. Strength Cond. 
Res. 2001; 15:279–283.

37. Pauole K, Madole K, Garhammer J, et al. 
Reliability and Validity of the T-Test as 
a Measure of Agility, Leg Power, and Leg 
Speed in College-Aged Men and 
Women. J. Strength Cond Res. 2000; 
14:443–450. doi/10.1519/00124278 
-200011000-00012.

38. Romero-Franco N, Jiménez-Reyes P, 
Castaño-Zambudio A, et al. Sprint 
performance and mechanical outputs 
computed with an iPhone app: 
Comparison with existing reference 
methods. Eur J Sport Sci. 2017; 
17:386–392. doi.org/10.1080/174613
91.2016.1249031.

39. de la Rubia A, Ugalde-Ramírez A, 
Gutiérrez-Vargas R, et al. Does the New 
Resin-Free Molten d60 Ball Have an 
Impact on the Velocity and Accuracy of 
Handball Throws? Appl Sci. 2022; 
13:425. doi/10.3390/app13010425.

40. Cohen J. Statistical power analysis for the 
behavioral science. 2nd Editio. New York: 
Lawrence Erlbaum Associates; 1988.

41. MacMaster C, Portas M, Parkin G, et al. 
The effect of bio-banding on the 

anthropometric, physical fitness and 
functional movement characteristics of 
academy soccer players. PLoS ONE. 
2021; 16:1–16. doi.org/10.1371/
journal.pone.0260136.

42. Cumming SP, Lloyd RS, Oliver JL, et al. 
Bio-banding in sport: Applications to 
competition, talent identification, and 
strength and conditioning of youth 
athletes. Strength Cond J. 2017; 
39:34–47. doi.10.5152/tjsm.2019.126

43. Malina RM, Eisenmann JC, Cumming SP, 
et al. Maturity-associated variation in the 
growth and functional capacities of youth 
football (soccer) players 13–15 years. 
Eur J Appl Physiol. 2004; 91:555–562. 
doi/10.1007/s00421-003-0995-z.

44. Stratton G, Oliver JL. The impact of 
growth and maturation on physical 
performance. Strength and Conditioning 
for Young Athletes. Routledge; 2019. 
p. 3–20.

45. Malina RM, Reyes MEP, Eisenmann JC, 
et al. Height, mass and skeletal maturity 
of elite Portuguese soccer players aged 
11–16 years. J Sport Sci. 2000; 
18:685–693. doi/abs/10.1080/026404 
10050120069.

46. Meylan C, Cronin J, Oliver J, et al. Talent 
identification in soccer: The role of 
maturity status on physical, physiological 
and technical characteristics. Int J Sports 
Sci Coach. 2010; 5:571–592. 
doi/10.1260/1747-9541.5.4.571.

47. Schwesig R, Hermassi S, Fieseler G, et al. 
Anthropometric and physical performance 
characteristics of professional handball 
players: Influence of playing position. 
J Sports Med Phys Fitness. 2017; 
57:1471–1478. doi.10.23736 
/S0022-4707.16.06413-6.

48. Krüger K, Pilat C, Ückert K, et al. 
Physical Performance Profile of Handball 
Players Is Related to Playing Position and 
Playing Class. J Strength Cond Res. 
2014; 28:117–125. doi/10.1519 
/JSC.0b013e318291b713.

49. Giuriato M, Carnevale Pellino V, 
Lovecchio N, et al. Do maturation, 
anthropometrics and leg muscle qualities 
influence repeated change of direction 
performance in adolescent boys and 
girls? Biol Sport. 2023; 1033–1038. 
doi/10.5114/biolsport.2023.123322.

50. Ferragut C, Vila H, Abraldes JA, et al. 
Influence of Physical Aspects and 
Throwing Velocity in Opposition 
Situations in Top-Elite and Elite Female 
Handball Players. J Hum Kinet. 2018; 
63:23–32. doi/10.2478/
hukin-2018-0003.

51. de la Rubia A, Lorenzo J,  
Rojas-Valverde D, et al. Bio-Banding in 
Handball: Academy Players’ Perceptions 
Based on Maturity Status and Gender.  
Int J Sports Med. 2023; 44: 871–881. 
doi:10.1055/a-2145-6454

Articles published in the Biology of Sport are licensed under an open access Creative Commons CC BY 4.0 license.


