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Abstract 

Background: The aim of this study was to analyze the shoulder functional profile (rotation range of motion [ROM] 
and strength), upper and lower body performance, and throwing speed of U13 versus U15 male handball players, and 
to establish the relationship between these measures of physical fitness and throwing speed.

Methods: One‑hundred and nineteen young male handball players (under (U)‑13 (U13) [n = 85]) and U15 [n = 34]) 
volunteered to participate in this study. The participating athletes had a mean background of sytematic handball 
training of 5.5 ± 2.8 years and they exercised on average 540 ± 10.1 min per week including sport‑specific team 
handball training and strength and conditioning programs. Players were tested for passive shoulder range‑of‑
motion (ROM) for both internal (IR) and external rotation (ER) and isometric strength (i.e., IR and ER) of the dominant/
non‑dominant shoulders, overhead medicine ball throw (OMB), hip isometric abductor (ABD) and adductor (ADD) 
strength, hip ROM, jumps (countermovement jump [CMJ] and triple leg‑hop [3H] for distance), linear sprint test, 
modified 505 change‑of‑direction (COD) test and handball throwing speed (7 m [HT7] and 9 m [HT9]).

Results: U15 players outperformed U13 in upper (i.e., HT7 and HT9 speed, OMB, absolute IR and ER strength of the 
dominant and non‑dominant sides; Cohen’s d: 0.76–2.13) and lower body (i.e., CMJ, 3H, 20‑m sprint and COD, hip ABD 
and ADD; d: 0.70–2.33) performance measures. Regarding shoulder ROM outcomes, a lower IR ROM was found of 
the dominant side in the U15 group compared to the U13 and a higher ER ROM on both sides in U15 (d: 0.76–1.04). 
It seems that primarily anthropometric characteristics (i.e., body height, body mass) and upper body strength/power 
(OMB distance) are the most important factors that explain the throw speed variance in male handball players, par‑
ticularly in U13.

Conclusions: Findings from this study imply that regular performance monitoring is important for performance 
development and for minimizing injury risk of the shoulder in both age categories of young male handball players. 
Besides measures of physical fitness, anthropometric data should be recorded because handball throwing perfor‑
mance is related to these measures.
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Background
Handball is an intermittent sport which requires high 
levels of different physical fitness components such 
as endurance, strength, speed, and coordination [1]. 
In terms of performance, handball is characterized by 
several high-intensity actions during matches, includ-
ing jumps, accelerations, decelerations, and changes-
of-direction [2], interspersed with throwing, hitting, 
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blocking, and pushing actions, and combinations thereof 
[3]. Thus, the identification of the most important physi-
cal fitness measures for successful team handball per-
formance appears to be of great interest for coaches and 
sport scientists [4]. The respective knowledge will enable 
the identification of strengths and weaknesses in physi-
cal fitness that can individually be addressed through tar-
geted strength and conditioning programs.

The ultimate aim of a handball match is to score more 
goals than the opponent. Accordingly, the handball throw 
is a fundamental movement skill that should be already 
developed during the early stages of long-term athlete 
development [5]. As with other overhead throws (e.g., 
baseball pitching or tennis serve), handball throwing is a 
rapid and complex action including a distinctive whole-
body, kinetic-chain proximal to distal motion [6]. It has 
previously been shown that throw velocity and accu-
racy represent important factors which are decisive for 
successful scoring [7]. More specifically, ball-throwing 
velocity will depend, among other factors, on the player’s 
ability to accelerate the ball with an overarm or underarm 
throw [8]. For this purpose, sufficient levels of shoulder 
strength are needed to accelerate the ball [9]. During a 
2 × 25-min game [10], adolescent male handball play-
ers perform around 100 passes and 10 shots on the goal. 
During an average handball training session, players 
perform between 120 and 150 throws, highlighting the 
importance of the throwing motion [6].

As a result of the physical demands induced by train-
ing and/or competition, handball players are susceptible 
to a range of injuries including chronic overuse condi-
tions and acute traumatic injuries [11]. Shoulder injuries 
represent the most frequently reported overuse injury 
in adolescent handball with an injury incidence ranging 
between 0.2 and 1.44/1000 handball training/competi-
tion hours [12], and a point prevalence of shoulder pain 
ranging between 7 and 49% [13]. Although several factors 
(i.e., shoulder mobility, rapid increase in training load, 
or scapula dyskinesia) have been found to be associated 
with shoulder injuries [14, 15], shoulder weakness is a 
prominent risk factor for overuse injuries in youth play-
ers [6, 16]. Thus, the inclusion of shoulder mobility (e.g., 
shoulder range of motion [ROM] tests) and strength tests 
(e.g., isometric internal/external isometric rotation tests) 
are fundamental to detect possible muscular imbalances 
already at an early age.

Previous studies analyzed the relationship between 
upper and lower limbs muscles’ strength in handball 
players of different expertise level and sex [3, 8, 17, 18]. 
Significant correlations (r = 0.5–0.8) were found between 
throwing velocity and measures of upper body isokinetic 
torque [19] and one-repetition maximum performance 
(1-RM) (i.e., bench press, squat) [3, 8, 17]. Ortega-Becerra 

et  al. [4] showed that throwing performance showed 
moderate and significant correlations (r = 0.3–0.5) with 
linear sprint times and jump performance (i.e., counter-
movement jump (CMJ) and jump squat) in a group of 
under-18 (U18) and under-16 (U16) handball players. 
More recently, it was shown that anthropometric vari-
ables, such as the body mass index, arm span and height 
were good predictors of throwing speed in U14 and U16 
players [20]. To the authors’ knowledge, there is no study 
available that examined anthropometrics, physical fit-
ness, and sport-specific performance in a large cohort of 
young male handball players according to age. In addi-
tion, knowledge on potential associations between these 
measures will help to better target performance testing 
and training.

Thus, the purpose of this study was to analyze the 
shoulder functional profile (rotation ROM and strength), 
upper and lower body performance, and throwing speed 
in U13 versus U15 handball players. In addition, we 
aimed to examine the relationship between measures of 
physical fitness and throwing speed in the same cohort. 
With reference to the relevant literature [16, 21], we 
hypothesized that differences in shoulder function (ROM 
and strength) will be observed on both sides that become 
more prevalent with increasing biological age. Moreo-
ver, we also hypothesized that there will be age-specific 
(U13 and U15) associations between several performance 
indicators, especially from the upper body (i.e., shoulder 
ROM and strength, medicine ball throw) and ball veloci-
ties in the handball throws [22].

Methods
Participants
A convenience sample of 135 young healthy male hand-
ball players volunteered to participate in this study. 
All players were recruited from the youth academy of 
Abanca Ademar León handball club (León, Spain) and 
were selected by their respective coaching staff. Teams 
from this youth handball academy play at top national 
level. For the purpose of this study, players were grouped 
into two age groups: U13 (n = 92; age: 13.0 ± 0.6  years; 
height: 162.3 ± 7.8  cm; body mass: 54.7 ± 11.7  kg) and 
U15 (n = 43; age: 14.8 ± 0.6 years; height: 170.8 ± 8.3 cm; 
body mass: 63.3 ± 10.9  kg). The participating athletes 
had a mean background of systematic handball train-
ing of 5.5 ± 2.8  years and they exercised on average 
540 ± 10.1  min per week including sport-specific team 
handball training and strength and conditioning pro-
grams. Table  1 shows a typical weekly training content 
for the different age-categories. None of the players 
reported a history of any orthopedic problems or limita-
tions during the previous 12 months. Prior to the start of 
the study, players and their parents/legal guardians were 
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fully informed about the protocol and provided their 
written informed consent. All methods were carried out 
in accordance with relevant guidelines and regulations, 
and the local Institutional Ethics committee from the 
University of León (ETICA-ULE-012-2020) approved the 
procedures in accordance with the latest version of the 
Declaration of Helsinki.

Experimental design
This cross-sectional study was conducted to compare 
the performance in measures of physical fitness of two 
different age-categories of handball players (U15 and 
U13), from a top-level Spanish handball club, following 
a similar previous experimental design [36]. Testing ses-
sions were undertaken between 4:30 and 7:00  pm, and 
players were assessed at their regular training facility. 
The testing took place in an indoor court (temperature, 
22.3–24.4 °C; relative humidity, 54.4–61.0%; Kestrel 4000 
Pocket Weather Tracker, Nielsen Kellerman, Boothwyn, 
PA). Four days prior to the start of the study, the partici-
pating young athletes were familiarized with the applied 
procedures and assessment routines. All tests were com-
pleted on the same day. Data collected during the famil-
iarization session were used to calculate the between-day 
intraclass correlation coefficients (ICCs). Participants 
were asked to refrain from any strenuous physical work-
out for 24 h before the tests and to be in a fasting state 
for at least 2 h. Evaluators were experienced strength and 
conditioning specialists and educated sport scientists 
who frequently perform the applied tests during regular 
performance testing throughout the handball season.

Maturity status
Body height was measured using a fixed stadiometer 
(± 0.1  cm; Holtain Ltd., Crosswell, UK), sitting height 
with a purpose-built table (± 0.1 cm; Holtain Ltd., Cross-
well, UK), and body mass with a digital scale (± 0.1  kg; 
ADE Electronic Column Scales, Hamburg, Germany). 
Pubertal timing was estimated according to the bio-
logical maturation of each individual using a predictive 
equation as described previously [23]. The age of peak 
linear growth (age at peak height velocity [APHV]) is an 

indicator of somatic maturity representing the time of 
maximum growth in stature during adolescence. Matu-
rity offset (MO) was estimated using anthropometric 
measures included in a regression equation as proposed 
by Mirwald et  al. [24]. Moreover, to account for the 
reported error, players were grouped into discrete bands 
based on their MO (pre-PHV [< − 1], circa-PHV [− 0.5 to 
0.5], post-PHV [> 1]). Players with a maturity offset rang-
ing between − 1 to − 0.5 and 0.5 to 1 were removed from 
the dataset (n = 16) [25]. Overall, 119 players were finally 
included in the study.

Shoulder range of motion (ROM)
Dominant and non-dominant passive glenohumeral rota-
tion were assessed with a manual inclinometer (ISOMED 
inclinometer, Portland, Oregon) as previously described 
[26]. Briefly, each player was lying in supine position on 
a bench with the shoulder 90° abducted and the elbow 
flexed at a 90° angle with the forearm perpendicular to 
the bench. From this starting position, an examiner held 
the participant’s proximal shoulder region (i.e., clavicle 
and scapula) against the bench to stabilize the scapula by 
avoiding an overpressure. Another examiner rotated the 
humerus in the glenohumeral joint to produce maximum 
passive external (ER) and internal (IR) rotation. Three tri-
als of IR and ER-ROM on each shoulder were performed 
and the average performance (°) was used for statistical 
analysis. Moreover, the total ROM (TROM; sum of IR 
and ER) was calculated. The intraclass correlation coef-
ficient (ICC) and coefficients of variation (CV) measured 
before the experiment ranged from 0.94 to 0.99 and from 
2.1 to 3.5%, respectively.

Shoulder strength
Isometric shoulder IR and ER strength of the dominant 
and the non-dominant side were assessed with a port-
able handheld dynamometer (Nicholas Manual Muscle 
Tester, Lafayette Indiana Instruments) as previously 
described [27]. Players were in supine lying position 
on a plinth with the shoulder abducted at 90° and the 
elbow flexed at 90°. Three repetitions of 5 s of maximal 
voluntary effort were performed using a ‘‘make’’ test. 

Table 1 Typical weekly training content for the different age‑categories

Tec/Tac: technical and tactical training; NWU: Neuromuscular warm‑up (e.g., preventive exercises; plyometrics, speed/agility drills); S/PT: strength and power training; 
FM: friendly match

Category Monday Tuesday Wednesday Thursday Friday Saturday

U13
(n = 85)

Tec/Tac 90’ NWU 20’
Tec/Tac 60’

Tec/Tac 60’ NWU 20’
Tec/Tac 60’

Tec/Tac 60–90’ FM 50’

U15
(n = 34)

Tec/Tac 90’ S/PT 60’
Tec/Tac 90’

Tec/Tac 90–120’ S/PT 60’
Tec/Tac 60’

Tec/Tac 90’ FM 60’
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Resistance was gradually increased up to maximum 
without ‘‘breaking’’ the player’s strength. A 10-s rest-
ing period was provided between trials. Stability of the 
upper arm, shoulder, scapula, and trunk were guaran-
teed through manual fixation of the examiner’s hand, 
arm, and trunk [28]. The average values were recorded 
for analysis. In addition, shoulder IR and ER strength 
performance were normalized to body mass and 
expressed as N/kg [21]. The ICC and CV ranged from 
0.90 to 0.97 and from 4.1 to 5.6%, respectively.

Overhead medicine ball throw (MBO)
The players stood on a line with their feet side-by-side 
and slightly apart, facing the direction to which a 2-kg 
medicine ball had to be thrown. The ball was brought 
back behind the head and then thrown vigorously for-
ward as far as possible without the player crossing the 
line. The distance from the line to the point where the 
ball landed was measured, and the best performance 
among 3 efforts was recorded to the nearest 5  cm. 
There was a 45-s rest period between trials. ICC and 
CV were 0.94 and 4.3%, respectively.

Handball throwing speed
Before the performance of the throwing test, a stand-
ardized warm-up was allowed to the participants which 
included upper body mobility, active stretching, bal-
listic exercises and 5 throws performed at progressive 
velocities. For the 7-m throw test (HT7), 5 throws were 
performed from the seven-meter line, allowing only 
one foot to be lifted without stepping on the seven-
meter line. By doing so, a penalty throw in handball was 
simulated, with a 45-s rest between each throw. For the 
9-m throw test (HT9), 5 throws were performed after 
a 3-step running throw from the 9-m line with a verti-
cal jump and a rest of 45-s between throws [29]. The 
throwing speed was recorded using a high performance 
sports radar (Stalker Pro 2 Radar Gun, Applied Con-
cepts, Inc./Stalker Radar, Texas, TX, USA) placed 2 m 
behind the player, and pointing to the executing arm. 
Only throws that entered directly into the goal, without 
touching the ground, were considered valid. Molten off-
cial handballs (Molten Corp., Hiroshima, Japan) were 
used, (circumference: 50–60  mm; mass: 290–475  g), 
depending on the regulation size corresponding to 
the participant’s age. Direct feedback of velocities was 
provided to encourage maximal effort, and the average 
speed of the 3 best trials was used for further analysis 
in both tests (7 and 9 m). For the 7 m throw ICC and 
CV were 0.90 and 3%, respectively, while for the 9  m 
throw were 0.92 and 2.9%.

Hip isometric abductor (ABD) and adductor (ADD) strength
For the measurement of maximal isometric hip ADD 
and ABD strength in the dominant and non-dominant 
limbs, a handheld dynamometer (Lafayette Instrument 
Company, IN, USA) was used which was calibrated prior 
to each test. The applied test method was in accordance 
with Thorborg et al. [30]. In brief, the best value from two 
attempts was used for further analysis from the dominant 
and non-dominant side. A 30-s rest was allowed between 
test trials. One experienced examiner performed all tests 
and provided standardised verbal encouragement during 
the effort. ICCs and CVs for all tests (ABD and ADD of 
both, dominant and non-dominant limbs) ranged from 
0.92 to 0.97 and 2.9% to 7.5%, respectively.

Hip range of motion (ROM)
The passive hip IR and ER and passive hip ABD ROMs 
were measured at an angle of 90° hip flexion of the domi-
nant and non-dominant limbs, using an inclinometer 
(ISOMED, Portland, Oregon) with a telescopic arm. The 
applied methods were reported previously [31]. A 30-s 
rest was granted between trials, limbs, and tests and the 
best value from two attempts was used for further analy-
sis from the dominant and non-dominant side. Based on 
the findings from previous studies [31, 32], one or both of 
the following criteria determined the endpoint for each 
test: (a) palpable onset of pelvic rotation, and/or (b) the 
participant feeling a strong but tolerable stretch, slightly 
before the occurrence of pain. ICC and CV for all tests 
(IR, ER and ABD of both, dominant and non-domi-
nant limbs) ranged from 0.94 to 0.98 and 1.2% to 7.1%, 
respectively.

Countermovement jump (CMJ)
A bilateral CMJ weas performed on a contact-time 
platform (SportJump System Pro, DSD Sport system, 
Spain) according to the protocol as described previ-
ously by Nuñez et al. [33]. During the jump, hands were 
held at the hips to minimize the influence of the upper 
body on jump performance. From a standing position 
with straight knees, players squatted down to ~ 90° and 
accelerated at maximal velocity in vertical direction. 
Each player performed 3 maximal attempts interspersed 
with 45 s of passive recovery, and the highest jump was 
recorded and used for statistical analysis. ICC and CV 
were 0.98 and 2.9%, respectively.

Triple leg‑hop (3H) for distance
The triple leg-hop test requires participants to perform 
3 consecutive hops on the same leg aiming for maxi-
mum distance [34]. The toes of the participants were 
positioned immediately behind the zero mark of the 
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measuring tape, and the distance covered was measured 
as the distance (in m) from the zero mark to the point 
where the heels touched the ground following the third 
hop. To be considered a valid attempt, players had to 
maintain the balance on the tested foot for at least two 
seconds, before touching the ground with the non-tested 
foot. Each player performed two attempts with each leg, 
interspersed with 45  s of passive recovery. The partici-
pant’s dominant limb was defined as the preferred stance 
leg used when the participant kicked a ball as far as possi-
ble [34]. Next, the average jump distance for each leg was 
calculated and used for analysis. ICC and CV were 0.91 
and 3.6% for the dominant limb, and 0.84 and 4.3% for 
the non-dominant limb, respectively.

Linear sprint test
Time during a 20-m linear sprint (with 5 and 10 m split 
times) was measured by means of single beam photocell 
gates placed 1.0  m above the ground level (DSD Sport 
system, Spain). Each sprint was initiated 1.0  m behind 
the first photocell gate, which then started a digital timer. 
Players started the linear sprint test in a standing split 
position, with their preferred foot behind the starting 
line, followed by accelerating forward at maximal effort 
until they passed the last photocell gate placed at 20 m. 
Each player performed three maximal 20-m sprints with 
at least 2  min of passive recovery in between the trials 
[35], and the average performance was calculated. ICC 
and CV for sprint tests ranged from 0.82 to 0.98 and 1.1% 
to 3.1%, respectively.

Modified 505 change‑of‑direction (COD) test
Players’ capacity to perform a single, rapid 180° change-
of-direction over a 5  m distance was measured using a 
modified version (stationary start) of the 5–0–5 agility 
test [36]. Players started in a standing split position with 
their preferred foot behind the starting line, followed by 
accelerating forward at maximal effort until reaching a 
line placed at a distance of 5 m. Three trials were com-
pleted and the best time was recorded (DSD Sport sys-
tem, Spain). Two minutes of rest was allowed between 
trials. The COD deficit  (CODDEF) for the 505 test was cal-
culated using the following formula: CODDEF = (modified 
505 time – 10-m time) [37]. ICC and CV were 0.87 and 
1.9% for the dominant side, and 0.86 and 3% for the non-
dominant side, respectively.

Statistical analyses
Group-specific data are presented for each param-
eter using descriptive statistics (means and standard 
deviations [SDs]) after normality of data was confirmed 
using the Kolmogorov–Smirnov test with the Lil-
liefors’ correction. ANCOVAs were performed to assess 

between-group differences for each parameter, using 
AGE as between-subject factor (2 levels: under 13 years 
old; under 15  years old) and maturity offset (MO) as 
covariate. ANOVAs instead of ANCOVAs were used 
when the MO did not show a significant effect as a 
covariate. Hedges’ g index (dg) was used to estimate the 
effect size of each pairwise comparison [38]. This index 
is based on Cohen’s d [39], but it provides an effect size 
estimation adjusting for the bias caused by small samples 
(n < 20). According to Cohen [39], effect sizes were cat-
egorized as trivial (dg < 0.2), small (0.2 ≤ dg <0.5), mod-
erate (0.5 ≤ dg < 0.8) and large (dg ≥ 0.8). ANOVAs were 
performed with the SPSS software package (Version 22.0, 
IBM, Armonk, NY, USA), establishing significance at 
p < 0.05. For Hedges’ g, positive scores indicate that U15 
showed better performance than U13. Finally, the Rela-
tive Weight Analysis (RWA) [40] was used to examine 
the relative contribution of each parameter in explaining 
the variance in handball throwing speed from 7 and 9 m 
respectively using the RWA Web. RWA allows a better 
determination of the relative weight of different predictor 
variables in a multiple regression analysis. Specifically, 
it reduces the multicollinearity impact based on the cal-
culation of each factor proportional contribution to the 
criterion variance by adding up both, its direct contribu-
tion and its combined contribution with other correlated 
factors. All potential factors meeting the assumptions of 
normality and homoscedasticity were entered into the 
RWA. A backward elimination procedure was used to 
remove all those parameters that did not influence hand-
ball throwing speed (p > 0.05) significantly. The relative 
importance of each factor was calculated as the percent-
age of the handball throwing speed variance (R2) that 
they explained.

Before performing the ANOVAs and RWAs, the sam-
pling software package GPower 3.1. [41] was used to 
calculate the minimum sample size needed to detect 
significant results for each statistical analysis. A sample 
size of 19 participants per age group was found to be 
necessary to detect large significant main effects of age 
in ANOVAs (F = 0.4; power = 80%; α = 0.05). Taking into 
account the high heterogeneity shown by PwMS (i.e., 
large group variance) as well as the high within-subject 
variability [42, 43], large effect sizes must be observed to 
find statistically significant between-group differences. 
Therefore, for pairwise between-group comparisons, 
a sample size of 21 participants per group was needed 
to detect large differences between groups (dg = 0.8; 
power = 80%; α = 0.05). Finally, regarding the RWA and 
based on previous results [43], a sample of 61 partici-
pants was needed to detect a significant large effect size 
(f2 = 0.35; power = 80%; α = 0.05) for the multiple linear 
regression model with 12 potential predictors.
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Results
Table  2 presents the descriptive variables of players 
according to their age. Findings show that U15 versus 
U13 players are significantly taller, heavier, and presented 
an earlier MO, as well as a later expected APHV.

Group comparisons
For the upper body performance (Table  3), ANOVAs 
revealed main effects of age for both handball throws 
(HT7, HT9) (53.922 ≤ F ≤ 56.673; 1.50 ≤ d ≤ 1.53) and 
medicine ball throw test (OMB) (F = 109.513; d = 2.13). 
U15 also showed higher absolute IR and ER strength 
for the dominant and non-dominant shoulder than U13 
(7.532 ≤ F ≤ 19.409; 0.56 ≤ d ≤ 0.90). However, no age 
effect was observed for the normalized shoulder strength, 
ER/IR ratio or bilateral strength deficits. Finally, for 
shoulder ROM, U15 showed lower IR of the dominant 
arm (F = 13.951; d = − 0.76) and larger ER ROM in both 
arms than U13 (23.499 ≤ F ≤ 26.062; 0.99 ≤ d ≤ 1.04). No 
age effect was observed for the shoulder ER/IR ROM 
ratio and bilateral ROM deficits.

Results of the lower body performance tests are shown 
in Table  4. ANOVAs revealed main effects of age for 
most of the analyzed parameters. More specifically, 
U15 showed higher CMJ values (F = 82.328; d = 1.86), 
larger hop distance (3H) (111.034 ≤ F ≤ 129.863; 
2.15 ≤ d ≤ 2.33), faster linear sprint (69.013 ≤ F ≤ 73.425; 
− 1.75 ≤ d ≤ − 1.70) and COD times (11.783 ≤ F ≤ 19.874; 
− 0.91 ≤ d ≤ − 0.70) than U13. U15 also showed higher 
hip ABD and ADD strength for both, the dominant 
and non-dominant lower limbs (26.141 ≤ F ≤ 53.490; 
1.05 ≤ d ≤ 1.50). No main effects of age were observed for 
bilateral hip ABD/ADD strength ratios and  CODDEF.

Relative weight analyses (RWA)
The RWA models explained a large variance 
(66.1% ≤  R2 ≤ 70.2%) in the handball throw speed when 
the whole sample and the U13 were analyzed (Table 5). 
However, in the U15 group, RWA models for handball 
throw speed prediction showed only small to moder-
ate explained variance (HT7 = 37.2%; HT9 = 11.7%). 
When the whole sample or U13 were considered, sev-
eral factors were significantly associated with the throw 
speed. Amongst others, participants’ height, body mass 
and OMB distance showed the highest contribution 
(9.2% ≤  R2 ≤ 20.2%) to the variation in throwing speed. 
Lower limbs performance factors (i.e., 20-m test, 3H test, 
and hip ADD strength) (3.0% ≤  R2 ≤ 7.2%) and shoulder 
strength also contributed to explain throwing variance 
(3.2% ≤  R2 ≤ 8.3%).

Regarding the U15 group, participants’ performance 
during the 3H test (11.7% ≤  R2 ≤ 12.4%) was the most 
important factor in explaining throw speed variance. 
Shoulder IR strength, OMB distance and linear sprint 
time over 20-m were also significant factors to explain 
HT7 variance in the U15 group (8.1% ≤  R2 ≤ 8.4%).

Discussion
The aim of this study was to analyze the shoulder func-
tional profile (rotation ROM and strength), upper and 
lower body performance, and throwing speed of U13 
versus U15 male handball players. Another research goal 
was to examine the relationship between these physical 
variables and handball throwing speed. The main results 
showed that chronologically older (U15) players outper-
formed younger players (U13) in upper (i.e., HT7 and 
HT9 speed, OMB, absolute IR and ER strength of domi-
nant and non-dominant sides) and lower body (i.e., CMJ, 
3H, 20  m sprint and COD, hip ABD and ADD) perfor-
mance measures (Tables 2, 3 and 4). Regarding shoulder 
ROM outcomes (Table  3), a lower IR ROM was found 
of the dominant side in the U15 group compared to 
the U13 and a higher ER ROM on both sides in U15. It 
seems that primarily anthropometric characteristics (i.e., 
body height, body mass) and upper body strength/power 
(OMB distance) are the most important factors that 
explain the throw speed variance in male handball play-
ers, particularly in U13 ones (Table 5).

Our findings are mainly in agreement with the litera-
ture in regards of the effect of chronological age and/or 
maturity on physical fitness (i.e., upper and lower body 
muscle strength/power) and motor skill development 
(i.e., handball throw) in youth. In this regard, it is not 
surprising that U15 players outperformed the younger 
players (U13) in almost all performance measurements, 
especially in the lower body (Table 4). This is consistent 

Table 2 Descriptive variables of handball players according to 
their age

One‑way independent measures ANOVAs with Age as between subject factor

ANOVA main effects (Age) are presented as F values (p). Effect sizes were 
calculated as Hedge’s g. Positive effect sizes denote that U15 showed better 
performances than U13. Effect sizes were presented as means (95% confidence 
intervals)

U13 = under 13 years; U15 = under 15 years; APHV = age at peak height velocity; 
MO = maturity offset; cm = centimeters; kg = kilograms

U13 U15 Age Effect size

Age (years) 13.0 ± 0.6 14.9 ± 0.5 288.4 
(< 0.001)

3.42 (4.02; 2.83)

Body height 
(cm)

162.0 ± 7.8 172.2 ± 7.1 43.1 (< 0.001) 1.32 (1.76; 0.89)

Body mass 
(kg)

54.9 ± 11.7 63.6 ± 10.9 14.0 (< 0.001) 0.75 (1.16; 0.34)

APHV (years) 14.0 ± 0.6 14.4 ± 0.6 9.2 (0.003) 0.61 (1.02; 0.21)

MO (years) − 1.0 ± 0.7 0.6 ± 0.8 104.8 
(< 0.001)

2.06 (2.54; 1.59)
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with previous research describing youth athletes from 
other intermittent sports such as soccer or rugby [44, 45]. 
Thus, the differences observed in the maturational status 
and, hence, in anthropometric variables (e.g., height and 
mass), favored the U15 players (Table 2). In this regard, 
it has been reported that a more advanced maturational 
status may lead to greater pubertal gains in body height, 
mass, absolute, and relative muscle mass. Therefore, 
these developmentally advanced athletes show, on aver-
age, superior muscular (e.g., strength, power, speed, agil-
ity) and cardiorespiratory fitness (e.g. endurance) levels 
[46].

Regarding the upper body characteristics (Table  3), 
handball players, and overhead throwing athletes in gen-
eral, are at increased risk of sustaining shoulder injuries 

as a result of the high forces produced by shoulder mus-
cles which are needed to forcefully accelerate the ball 
during the throwing motion [12]. Shoulder screening 
(e.g., strength and ROM testing) is considered to play an 
important role, not only as a diagnostic tool for injured 
players, but also to design and develop injury prevention 
strategies for the shoulder [13]. Glenohumeral strength 
testing can be useful to monitor the capacity of the shoul-
der (i.e., detecting IR/ER weakness), especially in the ER, 
as it has been associated with shoulder injuries in hand-
ball players [47]. To the best of our knowledge, only few 
studies described shoulder strength and ROM reference 
values for adolescent elite handball players [6, 13, 16]

Our results are in line with previous literature related 
to research with athletes performing overhead sports 

Table 3 Differences between U13 and U15 handball players in upper body performance variables

One‑way independent measures ANOVA using Age as between subject factor. *One‑way independent measures ANCOVAs with Age as between subject factor 
and MO as covariate. Main effects of age are presented as F values (p). Effect sizes were calculated as Hedge’s g. Positive effect sizes denote that U15 showed better 
performances than U13. Effect sizes were presented as means (95% confidence intervals)

MBO: overhead medicine ball throw; HB7: 7‑m handball throw; HB9: 9‑m handball throw; IR: internal rotation; ER: external rotation; Norm‑IR: normalized internal 
rotation strength; Norm‑ER: normalized external rotation strength; ROM: range of motion

U13 U15 AGE Effect size

OMB (m) 5.9 ± 1.1 8.5 ± 1.4 13.732 (< 0.001)* 2.13 (1.65; 2.62)

HB7 (km·h−1) 66.5 ± 7.5 77.0 ± 5.6 1.688 (0.196)* 1.50 (1.05; 1.94)

HB9 (km·h−1) 66.3 ± 7.0 76.8 ± 4.6 4.034 (0.047)* 1.53 (1.09; 1.98)

Shoulder strength
 Dominant side

  IR (N) 120.3 ± 31.3 137.2 ± 26.1 11.009 (0.001)* 0.56 (0.15; 0.97)

  Norm‑IR (N/kg) 2.24 ± 0.55 2.19 ± 0.42 0.226 (0.635) − 0.10 (− 0.50; 0.31)

  ER (N) 106.4 ± 28.3 134.2 ± 43.2 3.969 (0.049)* 0.83 (0.42; 1.25)

  Norm‑ER (N/kg) 1.97 ± 0.47 2.10 ± 0.50 1.596 (0.209) 0.26 (− 0.15; 0.66)

  ER/IR ratio 0.91 ± 0.24 0.97 ± 0.21 1.371 (0.244) 0.24 (− 0.16; 0.64)

 Non‑dominant side

  IR (N) 110.5 ± 28.6 130.6 ± 34.7 12.347 (0.001)* 0.66 (0.25; 1.07)

  Norm‑IR (N/kg) 2.06 ± 0.47 2.07 ± 0.45 0.010 (0.919) 0.02 (− 0.38; 0.42)

  ER (N) 98.7 ± 25.1 126.2 ± 41.2 6.427 (0.013)* 0.90 (0.48; 1.32)

  Norm‑ER (N/kg) 1.82 ± 0.38 1.97 ± 0.47 0.158 (0.692)* 0.35 (− 0.05; 0.76)

  ER/IR ratio 0.91 ± 0.17 0.96 ± 0.15 2.396 (0.124) 0.32 (− 0.09; 0.72)

Bilateral deficit

 IR deficit (%) 7.4 ± 11.7 5.9 ± 14.1 0.334 (0.565) − 0.12 (− 0.52; 0.28)

 ER deficit (%) 6.5 ± 13.4 5.9 ± 10.7 0.053 (0.818) − 0.05 (− 0.45; 0.35)

Shoulder ROM
 Dominant side

  IR (°) 65.7 ± 11.5 57.0 ± 10.7 13.951 (< 0.001) − 0.76 (− 1.17; − 0.35)

  ER (°) 139.6 ± 19.4 159.0 ± 16.0 26.062 (< 0.001) 1.04 (0.62;1.46)

 Non‑dominant side

  IR (°) 71.7 ± 11.5 67.3 ± 11.0 0.013 (0.910) − 0.39 (− 0.79; 0.02)

  ER (°) 125.4 ± 17.9 142.3 ± 14.2 23.499 (< 0.001) 0.99 (− 0.57; 1.41)

 Bilateral deficit

  IR deficit (°) − 6.0 ± 10.7 − 10.2 ± 9.8 3.789 (0.054) − 0.40 (− 0.80; 0.01)
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Table 4 Differences between U13 and U15 handball players in lower body performance variables

One‑way independent measures ANOVA usingAge as between subject factor.* One‑way independent measures ANCOVAs with Age as between subject factor and 
maturity offset as a covariate. Main effects of age are presented as F values(p). Effect sizes were calculated as Hedge’s g. Positive effect sizes denote that U15 showed 
better performances than U13. CMJ: countermovement jump; 3H‑D: triple leg hop test with the dominant leg; 3H‑ND: triple leg hop test with the non‑dominant leg; 
COD: change of direction test; CODdef: COD deficit; D: dominant side; ND: Non‑dominant side

U13 U15 AGE Effect size

Lower body performance
CMJ height (cm) 23.6 ± 5.0 33.5 ± 5.9 82.328 (< 0.001)* 1.86 (1.39; 2.32)

3H‑D (m) 4.28 ± 0.63 5.83 ± 0.74 42.184 (< 0.001)* 2.33 (1.83; 2.83)

3H‑ND (m) 4.33 ± 0.68 5.81 ± 0.68 39.370 (< 0.001)* 2.15 (1.67; 2.64)

10‑m (s) 1.97 ± 0.13 1.76 ± 0.08 69.013 (< 0.001)* − 1.70 (− 2.15; − 1.24)

20‑m (s) 3.56 ± 0.27 3.13 ± 0.17 5.388 (0.022)* − 1.75 (− 2.21; − 1.29)

COD (s) 3.00 ± 0.23 2.83 ± 0.13 2.068 (0.153)* − 0.80 (− 1.22; − 0.39)

CODdef (s) 1.03 ± 0.22 1.07 ± 0.12 1.163 (0.283) 0.22 (− 0.19; 0.62)

Hip isometric strength
 Dominant side

  ABD (N) 110.9 ± 31.2 143.2 ± 29.7 0.031 (0.577)* 1.05 (0.62; 1.47)

  Norm‑ABD (N/kg) 2.6 ± 0.7 3.4 ± 0.7 25.180 (< 0.001)* 1.26 (0.82; 1.69)

  ADD (N) 109.4 ± 32.5 149.7 ± 38.1 0.035 (0.853)* 1.17 (0.74; 1.60)

  Norm‑ADD (N/kg) 2.6 ± 0.8 3.5 ± 0.9 29.602 (< 0.001)* 1.10 (0.67; 1.53)

 Non‑dominant side

  ABD (N) 108.4 ± 31.5 144.2 ± 32.7 0.106 (0.745)* 1.12 (0.69; 1.54)

  Norm‑ABD (N/kg) 2.6 ± 0.7 3.4 ± 0.8 33.690 (< 0.001)* 1.14 (0.71; 1.57)

  ADD (N) 102.5 ± 25.6 144.6 ± 33.3 1.437 (0.233)* 1.50 (1.05; 1.94)

  Norm‑ADD (N/kg) 2.4 ± 0.6 3.4 ± 0.8 53.463 (< 0.001)* 1.06 (0.64; 1.49)

Ratio ADD/ABD

 D 1.00 ± 0.19 1.05 ± 0.14 1.653 (0.201) 0.25 (0.16; 0.65)

 ND 0.97 ± 0.20 1.01 ± 0.11 0.877 (0.351) 0.20 (0.21; 0.60)

Table 5 Relative weight analysis with the handball throw from the 7 m and 9 m as the dependent variables and their significant 
(p < 0.05) predictive factors (PF) in male handball players of different ages

D: dominant leg; ND: non‑dominant leg; CMJ: countermovement jump (cm); 3H: triple leg hop test (m); 10‑m: 10 m sprint (s); 20‑m: 20 m sprint (s); OMB: overhead 
medicine ball throw (m); HT7m: 7 m handball throw (km/h); HT9m: 9‑m handball throw (km/h); S‑IR: Shoulder internal rotation strength (N); S‑ER: shoulder external 
rotation strength (N); H‑ADD: hip adduction strength (N), H‑ABD: hip abduction strength (N)

Explained variance (%, adjusted  R2)

Total 1st PF 2nd PF 3rd PF 4th PF 5th PF 6th PF 7th PF 8th PF 9th PF 10th PF

All HT7m 70.2 Height OMB Bmass 20 m 3HND CMJ H‑ADDND S‑IRD S‑ERD H‑ABDND

14.4 11.0 9.3 7.2 6.3 5.7 4.8 4.6 4.1 3.0

HT9m 66.1 Height Bmass OMB CMJ 20 m 3HND H‑ADDND S‑IRD S‑ERD

14.9 10.0 9.2 7.0 6.7 6.7 4.5 4.0 3.2

U13 HT7m 69.9 Height OMB Bmass S‑ERD 20 m S‑IRD H‑ADDND 3HND

20.2 14.6 9.7 8.3 5.5 4.9 3.8 3.0

HT9m 66.1 Height Bmass OMB CMJ 20 m 3HND H‑ADDND S‑IRD S‑ERD

14.9 10.0 9.2 7.0 6.7 6.7 4.5 4.0 3.2

U15 HT7m 37.2 3HND ROM‑IRD 20 m OMB

12.4 8.4 8.3 8.1

HT9m 11.7 3HND

11.7
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[6, 28, 48]. Findings from these studies show that with 
chronologic age, athletes’ absolute isometric shoulder 
rotation strength increases on both sides, with side-to-
side differences (~ 8% in both ER and IR) that exist from 
early age on and might be due to hand dominance/non-
dominance. Comparing the present values with those 
from other studies is difficult due to methodological 
reasons such as the application of different test posi-
tions and/or test equipment. Nevertheless, the reported 
glenohumeral strength values in this study appear to be 
comparable to those described by Asker et al. [6] but in 
discrepancy with findings from a recent study with U15 
youth handball players [16]. These differences can be 
related, not only to the testing procedures, but also to 
the training background, as players from the Achenbach 
et  al. [16] study had an average of 8  years of handball 
experience, while players in our study had 5.5 years.

Furthermore, U15 players were stronger than U13 play-
ers in terms of absolute values (Tables 3 and 4). However, 
when the data were normalized to body mass, no dif-
ferences were found when comparing age groups. Since 
muscular strength increases progressively with both, 
body mass and height [49], the present results can be 
considered a normal and expected adaptation, as previ-
ously reported in other overhead sports [47, 48]. In this 
regard, intensive exercise and competition can lead to 
an unbalanced shoulder function profile, with higher 
IR strength compared to the ER on the dominant side. 
Cut-off values reported in previous research were ≤ 75% 
[11], while our results showed “healthy” average IR/ER 
ratios of 93% (Table  3). However, when analyzing indi-
vidual ratios, more than 30 players already showed values 
below the reported cut-off scores for shoulder injury risk 
which strengthens the idea that an individual approach 
should be followed in terms of shoulder profiling in youth 
handball.

In throwing sports, reduced IR and increased ER 
ROMs have been reported for the dominant arm of 
asymptomatic overhead athletes [47, 50, 51]. This is con-
sidered as a normal soft tissue and/or bony adaptation to 
long-term repeated throwing motions [52], and has even 
been suggested to prevent shoulder injuries. Data from 
this study are in line with previous research (Table  3), 
and although values can vary due to measurement posi-
tions (e.g., seated vs. supine position on a bench) and/or 
test protocols (e.g., active vs. passive), our results are con-
sistent with the recommended normative shoulder ROM 
ratios [11]. Although we did not measure the relation-
ship between shoulder ROM deficits and injury risk, and 
the available research on this topic showed conflicting 
results [13, 47], some individual GIRD values in the cur-
rent study can be considered a marker of injury risk, with 
bilateral differences exceeding more than 20° in some 

cases. Thus, the use of active, passive or manual therapy 
forms of stretching, is still recommended to improve 
posterior shoulder tightness and overall total range of 
motion in the short-term for asymptomatic young over-
head athletes [53].

The ability to sprint over short distances, as well as to 
change direction during side-stepping movements is of 
great importance for achieving higher performance lev-
els, allowing players to be faster during transitions (i.e., 
between attack and defense phases), and during fast 
breaks and offensive breakthroughs [4]. Moreover, an 
improved jumping performance seems to be relevant 
as competitive demands increase, given the relevance 
of jumping in handball activities such as throwing and 
blocking [4, 20]. As previously mentioned, maturational 
advantages (i.e., body height, mass, absolute, and relative 
muscle mass) enable U15 versus U13 athletes to produce 
larger forces and to generate better muscle power, which 
contributes to sprint faster and jump higher (Table  4) 
[36]. Results are in line with previous research [4, 20], 
reporting that players showed greater physical capaci-
ties, as their age and performance level increased. In the 
same line, when analyzing the COD test, and consider-
ing MO as covariate, results also indicated significant 
differences between groups, with older players perform-
ing better. These results are contrary to a previous study, 
using a similar sample from the same handball club [36], 
as well other studies, showing similar COD performance 
in different age groups of young athletes (e.g., soccer and 
tennis) [44, 54]. Since there is a disproportional growth 
and disruption of motor coordination in complex motor 
coordination tasks (e.g., agility) at the ages around and 
after the PHV (e.g., “adolescent awkwardness”) [44], a 
compromised COD ability could be expected in the U15 
players, as previously reported [36]. However, based on 
the data about the weekly training reported herein, we 
can speculate with the idea that the higher amount of 
technical and tactical training in the regular schedule of 
U15 players, was characterized with exercises emphasiz-
ing on the sprints and COD, and may be responsible for 
the meaningful differences found in the speed-related 
qualities.

Comparable to speed development, the COD capac-
ity appears to improve from childhood through adoles-
cence [55]. During the circa and post-PHV periods, this 
improvement seems to be directly related to concomitant 
increases in sex androgen concentrations (i.e., testoster-
one, growth hormone), particularly in male athletes [55]. 
In addition, the participating U15 but not U13 players 
were already engaged in some basic strength and power 
training, including two weekly sessions, which further 
explains better lower limbs performance in the older 
compared with the younger age group (Table  4). Thus, 
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between-group differences in measures of strength and 
power cannot only be related to developmental factors 
such as the growth spurt [56], but also to the positive 
effects of additional strength and conditioning exercises.

Regarding the COD deficit, results from this study 
showed no differences between age categories (Table 4), 
which is contrary to previous studies reporting that faster 
and more powerful individuals, at both, professional and 
youth levels, tend to present higher COD deficits when 
compared with their slower and weaker peers [57, 58]. 
These differences can be related to the fact that although 
faster handball players will possibly achieve greater “iner-
tia” during sprints and, therefore, need to apply higher 
breaking forces over longer ground contact times [57], 
the distances used in the present study (i.e., modified 
505) seem not to be sufficient to achieve considerable 
velocities.

Lower limb muscle strength and power is a basic 
requirement to perform explosive actions in intermittent 
sports (e.g., acceleration, COD) [59]. More specifically, 
activation of the hip muscles may be an important factor 
in controlling lower extremity motion during dynamic 
actions [60]. Results from this study showed that U15 
outperformed U13 in hip ABD and ADD strength, in 
both absolute and normalized values (Table  4). In this 
regard, the use of normalized strength values, relative to 
the body mass, may minimize inter-player variability and 
provide a more accurate approach to compare strength 
levels between youth athletes of different body sizes [49].

To the authors’ knowledge, there are no studies avail-
able that analyzed hip strength in different age groups 
of handball players. Therefore, we cannot compare our 
findings with results from previous research. Studies 
investigating different sport disciplines showed that hip 
strength deficits appear to impede the ability to eccen-
trically control sudden, powerful over-stretching of the 
adductors during lateral stride maneuvers involving 
abduction and external rotation, resulting in increased 
susceptibility to groin injuries [59, 61]. We found ADD/
ABD ratios between 100–105% and 97–101% on the 
dominant and non-dominant side, respectively (Table 4). 
These ratios are significantly higher compared with those 
values that have previously been reported and associated 
with and increased groin risk injury (< 80%) [61]. Based 
on these numbers, 10 players of our study would have an 
increased risk of sustaining groin injuries In this regard, 
previous research showed that adductor muscle weak-
ness was associated with a fourfold increase in risk of 
sustaining acute groin injury in players with otherwise 
normal strength [62]. Therefore, when taking the results 
of the literature together with our findings, we recom-
mend implementing preventive strengthening programs 
for the adductor muscles, particularly if imbalances are 

observed. This preventive exercise means should help to 
minimize future groin injuries.

This study revealed large explained variance for throw-
ing speed for the whole sample of handball players (7 m 
handball free throw: 70.2%) and for the U13 age group 
(7 m handball free throw: 69.9%) (Table 5). A perfect pre-
diction model for a complex action like the present ana-
lyzed throws (i.e., 7 and 9 m) seems to be very difficult to 
obtain since individual technical skills, as well as coordi-
nation are also important factors in producing high ball 
speeds [63]. Anthropometric factors such as body height 
and mass make the largest contributions to the explained 
variance. In terms of physical fitness measures, 20-m lin-
ear sprint speed and shoulder external rotation strength 
appear to contribute to handball throw performance. 
These findings indicate that primarily developmental fac-
tors (height, mass) that cannot be manipulated through 
exercise determine handball throw performance. Nota-
bly, in U15 athletes, these anthropometric factors appear 
not to play a role anymore which is why overall explained 
variance decreases in U15 compared with U13. In other 
words, measures of physical fitness become more prev-
alent in U15 and appear to have larger potential to fur-
ther improve handball throw performance. In this regard, 
since U15 players are in maturation stages around or 
PHV, this would be a key period for strength/power 
development, which continues throughout adulthood. 
Thus, the inclusion of well-designed strength training 
programs aiming to achieve morphological adaptations 
can lead to obtain positive benefits not only on strength 
measures, but also on secondary outcomes including lin-
ear sprint, agility/change of direction, and sport-specific 
performances [64]. Moreover, specific trunk muscle and 
shoulder strengthening programs should be applied to 
allow proximal stability of the trunk which is a prerequi-
site for distal mobility of the arm to transfer forces from 
the lower limbs through a stable trunk to the shoulder 
and arm muscles [65].

We must acknowledge some limitations of the cur-
rent study, including the lack of a larger sample of 
young athletes, especially in the U15 group, or hav-
ing more distinct age groups to examine the evolution 
of these parameters throughout the players’ develop-
ment. The observed findings on the variance of throw 
speed could be related to lower body performance 
(e.g., mechanical power in the triple extension during 
squat or jump squat) or core-strength that were not 
tested. Moreover, the fact that both handball throws 
are dynamic movements, the use of isometric shoulder 
strength tests as applied in this study, could be a limit-
ing factor due to incongruency of muscle contraction 
velocity during the handball throw versus the isometric 
contraction. Finally, findings from this study cannot be 
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translated to female handball players or younger/older 
age groups. Accordingly, more research is needed to 
verify our findings in these populations.

Conclusions
In summary, this study revealed that chronologically 
older (U15) male handball players outperformed their 
younger counterparts in most measures of physical fit-
ness. In U13 players, handball throw variance was 
explained by anthropometric and selected physical fitness 
factors. In U15 players, variance was lower and included 
only factors of physical fitness. Findings from this study 
imply that regular performance monitoring, including 
an individual shoulder profiling (i.e., glenohumeral ROM 
and strength), is important for performance development 
and for minimizing injury risk of the shoulder in youth 
male handball players.
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