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ABSTRACT: Maturity status and relative age are two of the determining factors in talent development. The
aim of the study was to analyze the influence of biological maturity status and relative age on physical performance
in young male and female handball players. The sample included 48 males (14.11 = 1.17 years) and 41 females
(14.25 = 1.64 years) players from one Spanish professional handball academy. Anthropometric data (height,
sitting height, body mass and self-reported biological parent heights) and physical performance data (CMJ, DJ,
20 m speed, T-test and throwing velocity) were collected. Biological maturity status was determined as the
percentage of predicted adult height, while relative age was estimated in birth quartiles based on biennial age
grouping (Q1-Q8). The results showed a positive correlation between maturity status and CMJ in male players
(p < 0.01). Differences in CMJ performance according to maturity status were identified (p < 0.05), with higher
jump heights being recorded especially in early maturing boys (p < 0.01) and first lines and wings (p < 0.05).
The variance in CMJ test scores could be explained by the maturity status by 42.90% in U-15 (p < 0.05) and
72.60% in U-16 male players (p < 0.001). By contrast, no differences were found in girls (p > 0.05). Moreover,
no relationships were found between relative age and indices of physical performance (p > 0.05). Overall,
maturity status had greater impacts on the tests of physical performance than relative age. Stakeholders should
monitor the maturity status of young handball players to avoid physical performance biases that do not allow
them to develop their sporting potential.
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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

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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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 [171, 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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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 [171].
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
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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 x 50 x 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 x 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 (/CC = 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.
Aradar gun (Stalker Pro Inc., Plano, TX, USA; ICC = 0.987-1.000 [38]),
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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 2 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
(np?) 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.

RIES U LTS 50000
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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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
(Fi286) = 4.55, p < 0.05, n? = 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 (Fp 45 = 5.72, p < 0.01, n? = 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 (Fp 35 = 3.92, p < 0.05, »° = 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 (R? = 0.28, Fa.46 = 19.18,p < 0.001),
rising to 61.70% in early maturing boys (R? = 0.62, F(; 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 (R? = 0.32,
Fa9 = 5.61,p < 0.05).

In relation to age group, 19.30% of the change in T-test scores
achieved by U-14 players (R? = 0.19, Fq15 = 4.83, p < 0.05)
and 37.40% of the change in CMJ scores performed by U-16 play-
ers (R? = 0.37, F113 = 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 (R? = 0.38, Fa7=6.00,p < 0.05) and 31.70% of
the variance in the CMJ test scores in U-13 female players (R? = 0.32,
Fa 14y =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%
(R = 0.43, Fy7) = 7.02, p < 0.05) and 72.60% (R? = 0.73,
Fa12) = 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
(R? = 0.30, Fa17)=8.69,p <0.01) and 50.80% of those achieved
by male wing players (R?> = 0.51, Fa13 = 15.47,p < 0.01).

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

DISCU'S'S 1O/ 15
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
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FIG. 2a. Player characteristics by relative age according to gender.
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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

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

BMS 0.12 0.01 0.08 0.01 0.11

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

BMS 0.54 0.23 0.01 0.05 -0.13

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

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

X sD X sD X sD P n
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 29.99° 5.96 28.20 4.87 26.07° 4.62 0.013" 0.10
Females 26.20 3.11 25.85 4.01 24.96 2.87 0.574 0.03
Males 33.53° 5.85 29.93 4.84 27.06° 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. @ = differences between early and late maturers; ® = differences between
early and on-time maturers; ¢ = differences between on-time and late maturers "p < 0.05. “p < 0.01.
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FIG. 3. CMJ test scores of male and female handball players according to biological maturity status (BMS) based on percentage of
adult height (% PAH).

TABLE 3. Descriptive statistics (X = SD) of physical fitness tests according to the relative age (Q1 — Q8) of female and male handball

players.

Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8

PFT p np’

X SO X Sb X SO X SO X SO X SO X SD X SD
cMmJ
All 28.7 7.2 306 6.1 278 69 308 6.1 280 68 266 3.8 275 45 265 3.0 0.475 0.08
Females 22.8 2.5 - - 225 3.1 270 3.1 262 28 263 3.8 262 3.8 240 09 0.378 0.16
Males 31.3 7.1 306 6.1 305 69 321 65 295 89 272 41 31.1 6.2 281 28 0.862 0.07
DJ
All 263 48 242 7.4 241 11.2 244 94 246 95 235 6.7 21.2 6.1 21.9 57 0.802 0.05
Females 27.8 5.8 - - 19.7 123 238 9.6 23.7 99 248 76 21.0 6.2 223 9.7 0.493 0.08
Males 256 46 242 7.4 263 11.8 246 10.2 253 10.1 209 36 21.7 69 216 1.7 0.870 0.07
20 m. speed
All 33 03 35 03 34 03 35 04 34 02 34 03 36 02 34 03 0.573 0.07
Females 3.2 0.2 - - 36 01 36 06 34 02 35 03 35 02 36 04 0633 0.10
Males 34 03 35 03 33 03 35 04 34 03 34 02 36 05 33 02 0.59 0.12
T-test
All 123 1.0 127 09 129 13 129 16 129 1.0 124 1.2 12.7 09 127 1.1 0.831 0.04
Females 12.6 0.9 - - 135 0.1 131 26 129 0.7 125 1.2 126 0.9 13.2 1.4 0.507 0.08
Males 122 1.1 127 09 127 16 128 14 128 13 122 1.2 13.1 0.8 123 0.8 0.832 0.08
Throwing velocity
All 70.6 9.2 685 106 69.5 11.9 66.6 11.4 70.3 11.0 70.3 11.6 706 83 73.1 7.3 0.956 0.02
Females 72.0 10.5 - - Bb9.2 95 720 113 672 59 674 126 71.1 7.8 726 7.0 0.644 0.10
Males 70.0 9.4 685 106 746 10.1 64.8 11.9 729 140 76.0 7.1 69.2 108 734 81 0.613 0.12

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

CONCLU SO N S /5
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

Alfonso de la Rubia et al.

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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