
Asian J Sports Med. 2017 December; 8(4):e60663.

Published online 2017 October 29.

doi: 10.5812/asjsm.60663.

Research Article

Differences in Anthropometric Characteristics and Physical

Capacities Between Junior and Adult Top-Level Handball Players

Matthias Wilhelm Hoppe,1,* Joana Brochhagen,1 Christian Baumgart,1 Julian Bauer,2 and Juergen

Freiwald1

1Department of Movement and Training Science, University of Wuppertal, Wuppertal, Germany
2Bergischer Handball-Club 06, Wuppertal, Germany

*Corresponding author: Matthias Wilhelm Hoppe, Fuhlrottstrabe 10, 42119 Wuppertal, Germany. Tel: +49-2024393128, Fax: +49-2024393125, E-mail: m.hoppe@uni-wuppertal.de

Received 2017 February 16; Revised 2017 August 21; Accepted 2017 September 10.

Abstract

Background: In all age groups of handball players, anthropometric characteristics and physical capacities are important prerequi-
sites to fulfilling the playing demands. However, there is no study that has compared anthropometric characteristics and physical
capacities between junior and adult handball players by the same research design containing field tests.
Objectives: This study aimed to investigate differences in anthropometric characteristics and physical capacities between junior
and adult top-level handball players using various field tests. Relationships among physical capacities were also examined.
Methods: Ten male junior (18 ± 1 years) and eleven adult (26 ± 1 years) field handball players competing in the U19 Bundesliga
and DKB Handball-Bundesliga, respectively, were tested for body height, mass, fat, and fat-free mass as well as 30 m speed and 22
m change of direction (COD), squat jump (SJ) and counter movement jump (CMJ), one repetition maximum (1RM) bench press,
core strength-endurance, and interval shuttle run test (ISRT). Magnitude-based inferences, effect sizes (ES), and Pearson correlation
coefficients (r) were computed for statistical analyses.
Results: Juniors had a very likely lower body height, mass, and fat-free mass and likely lower 1RM bench press and ISRT performance
(ES: 0.7 - 1.2). Contrary, juniors had a likely to very likely superior speed, COD, and SJ and most likely superior core strength-endurance
performance (ES: 0.5 - 1.6). While speed, COD, and jump capacities were large to very large correlated in juniors (r = -0.55 - 0.86), they
were mostly unclear correlated in adults (r = -0.05 - 0.79). Overall explained variance among speed, COD, and jump capacities was
likely higher in juniors (51%) than adults (17%) (ES: 1.7).
Conclusions: This study shows that differences in anthropometric characteristics and physical capacities, and also in relationships
among physical capacities, are evident between junior and adult top-level handball players, indicating different physical needs to
play handball.
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1. Background

Handball is an intermittent high-intensity team sport
played with body contact by six field players and one goal-
keeper per team. The effective playing time is 2 × 30 min-
utes separated by a 10 min half-time break (1). During play,
the players perform different types of activities, like runs
(i.e., accelerations, decelerations, changes of direction, and
sprints), jumps (i.e., throw jumps and blocks), ball throws
(i.e., passes and shots), and duels (i.e., tackles, clasping, and
screenings) (1, 2). Thereby, the external load is character-
ized by a total distance covered of 2.8 - 4.4 km (3, 4), mean
velocity of 53 - 90 m/min (3, 5), sprinting distance of 78 - 107
m (3, 6), and peak velocity of 20 - 25 km/h (2), whereas the
internal demand is considered by a mean heart rate of 82%

- 83% (2, 3), peak lactate concentration of 3.7 - 9.7 mmol/L (7,
8), and fluid loss of 2.0 - 2.1 L (3, 8). Notably, all match play ac-
tivities as well as external loads and internal demands dif-
fer not only according to playing positions (9), but also to
offensive and defensive playing phases and tactical forma-
tions (1).

In handball, anthropometric characteristics as body
height, weight, and composition (10, 11) as well as physi-
cal capacities like speed, change of direction (COD), power,
strength, and intermittent endurance (12, 13) are impor-
tant prerequisites to fulfill the playing demands in all age
groups. Consequently, for competing on top-levels, it is
essential to optimize anthropometric characteristics and
physical capacities via training and testing procedures (1,
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4). In this context, previous studies have focused on the
body height, mass, fat, and fat-free mass (10, 14) as well
as 30 m speed (12, 13) and COD (15, 16), squat jump (SJ)
and counter movement jump (CMJ) (14, 17), one repeti-
tion maximum (1RM) bench press (18, 19), core strength-
endurance (16, 17), and intermittent shuttle running (20,
21) performance of handball players from various back-
grounds. While there exists many studies that have investi-
gated such variables in adults (1, 4, 8, 10-12, 17-19, 21-23), there
are less studies in juniors (3, 16, 20, 24, 25). Thus, more re-
search in junior handball players is required.

However, there is only one study that has compared
anthropometric characteristics and physical capacities be-
tween junior and adult handball players by the same re-
search design (14), which is an essential methodologi-
cal aspect, when aiming to describe differences between
both age groups. It is worth noting that in this previ-
ous study, solely laboratory tests including sit-and-reach,
jump height, handgrip strength, and cycling ergometer
tests were conducted. Since laboratory tests have less va-
lidity concerning practical applications compared to field
tests (26), a study also containing various field tests is re-
quired. In such a study, and similar to previous studies
(22, 23, 27), it is further reasonable to examine relationships
among speed, COD, and jump capacities to identify related
or unrelated areas in both age groups. Such knowledge
may help design different training and testing procedures
for juniors and adults as well as assist in talent selection
processes, especially when aiming to develop talented ju-
niors toward prospective elite adult handball players (24).

2. Objectives

This study aimed to investigate differences in anthro-
pometric characteristics and physical capacities between
junior and adult top-level handball players using various
field tests. Relationships among physical capacities were
also examined.

3. Methods

3.1. Participants

Ten male junior (18 ± 1 years) and eleven adult (26
± 1 years) top-level field handball players participated.
While the juniors competed in the U19 Bundesliga, the
adults played in the DKB Handball-Bundesliga and EHF
European Cup. The juniors were placed fifth in the Bun-
desliga, whereas the adults were ranked second and won
the EHF European Cup. Eight of the adults were also play-
ing for their national teams. One of them had won the

IHF World and three the EHF European Handball Champi-
onship. Over the entire season, the juniors performed five
training sessions per week, whereas the adults trained on
a daily basis and performed up to 10 sessions during the
pre-season preparation. The players were familiar with all
testing procedures as a part of their regular performance
assessment program. The study was approved by the ethics
committee of the local university.

3.2. Experimental Design

In our study, a cross-sectional descriptive-correlation
experimental design was applied. All anthropometric and
physical capacity tests were performed on one day during
the pre-season preparation, where all players had attained
a high-performance level. The tests were performed as pre-
viously described (28, 29) and were conducted in the fol-
lowing order: (a) anthropometric measures, (b) speed and
COD tests, (c) SJ and CMJ tests, (d) a bench press test, (e)
four different core strength-endurance tests, and (f) an in-
termittent shuttle running test. Before testing, the dura-
tion of the summer break and pre-season preparation as
well as number of training sessions were approximately
the same for juniors (i.e., six weeks, six weeks, and 36 ses-
sions, respectively) and adults (i.e., four weeks, four weeks,
and 40 sessions, respectively). The players were instructed
to report to the tests well rested, to prepare themselves as
they would for a competition, and to eat a carbohydrate-
rich breakfast two hours before testing.

3.3. Anthropometric Measures

The body fat and fat-free mass of the players were
predicted using a 4-point bioelectric impedance analysis
(Bodystat, QuadScan 4000, Douglas, United Kingdom) in
supine position under laboratory conditions. Thereafter,
the players performed 15-minutes warming-up procedures
that were conducted by the coaches and included differ-
ent routine running, jumping, and functional mobilizing-
strengthening activities. The players were given a 10-
minutes recovery period between each of the following
tests, which were performed along with the warming-up
procedures in a sports hall.

3.4. Speed and Change of Direction Tests

For the speed test, the players started from a contact
plate and sprinted over 30 m. Sprint times were recorded
with timing gates (TDS Werthner Sport Consulting, Linz,
Austria) at 5, 10, 20, and 30 m. For the COD test, the play-
ers started 1 m before the first timing gate (hs-electronics,
Falkensee, Germany) and sprinted over 22 m including
four changes in direction. The corresponding angles were
33, 95, 95, and 33°, respectively (Figure 1A). Both tests were
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repeated three times, separated by a 3-min recovery period,
and the fastest sprints were used for statistical analyses.

3.5. Squat Jump and Counter Movement Jump Tests

For the SJ test, the players began in a squatting posi-
tion at a knee angle of 90° and jumped upwards with the
hands on their hips. For the CMJ test, the players started
in a standing position at a knee angle of 180°, performed a
downward movement, and jumped upwards with an arm
swing. The jumps were performed on two separate force
platforms (Kistler, 9286BA, Winterthur, Switzerland) and
jump heights were calculated from ground reaction forces
captured at 1,000 Hz through the impulse-momentum
method. Both tests were repeated three times, separated
by a 2-minutes rest period, and the highest jumps were
used for statistical analyses.

3.6. Bench Press Test

For the bench press test, the players performed 3 - 5 sub-
maximal to maximal bench press exercises using a 20-kg
competition style bar (Gym80, International Sygnum Ba-
sic, Gelsenkirchen, Germany). After warming-up with in-
dividual weights, the weights were increased in 5-kg incre-
ments until a 1RM was reached. A trial was considered suc-
cessful, when the players had lowered the bar downwards
to their chest without bouncing and pushed the bar up-
wards until their arms were fully extended. After each trial,
the players were given a 3-min recovery break and the real-
ized 1RM was used for statistical analyses.

3.7. Core Strength-Endurance Tests

For the core strength-endurance tests, the players
performed four separate tests (i.e., a ventral, lateral-left,
lateral-right, and dorsal test) (Figure 1B - D) as described
in detail elsewhere (29). Briefly, the tests consisted of re-
peated concentric-eccentric exercises over defined move-
ment ranges. Movement velocities were dictated by a
metronome (KORG KDM-1, Inage, Japan) at 1 Hz and times
to failures were measured next to one second with a stop-
watch. The tests were stopped, when the players failed to
perform the entire movement ranges or were unable to
follow the dictated velocity. The players were given a 5-
min recovery period between each test. The sum of times
achieved during all four tests was used for statistical anal-
yses (29).

3.8. Intermittent Shuttle Running Test

Finally, for the intermittent endurance test, the players
performed an interval shuttle run test (ISRT) (28). Thereby,
the players ran 20 m shuttles at progressively increasing
velocities controlled by audio signals from a computer. The

protocol consisted of alternating running and walking pe-
riods for 30 and 15 seconds, respectively. The test was termi-
nated, when the players could not follow the velocity dur-
ing two consecutive shuttles. To clarify whether exertion
was reached, the players were equipped with chest-belts
(Suunto, t6, Vantaa, Finland) and required to reach > 95%
of their predicted maximum heart rate (220-age), which
was met in all players. The number of shuttles completed
was used for statistical analyses.

3.9. Statistical Analyses

Descriptive data are reported in means and 90% con-
fidence intervals (CIs). To investigate differences be-
tween both age groups, a progressive statistical approach,
namely magnitude-based inferences, for practical impor-
tance was applied (30). Therefore, the dispositions of the
CIs for the mean differences in relation to the smallest
worthwhile differences (SWDs; i.e., the pooled standard de-
viation multiplied by 0.2) were analyzed. Then, the like-
lihoods for juniors having “true” higher, similar, or lower
values than adults were determined and qualitatively de-
scribed using the following probabilistic scale: < 1%, most
unlikely; 1 to < 5%, very unlikely; 5 to < 25%, unlikely; 25 to
< 75%, possibly; 75 to < 95%, likely; 95 to < 99%, very likely,
and ≥ 99%, most likely. If the likelihoods for having both
higher and lower values were ≥ 5%, the differences were
described as unclear. Otherwise, the differences were in-
terpreted according to the observed likelihoods, whereas
only those differences rated as at least likely (i.e., ≥ 75%)
were considered. To clarify the meaningfulness of the dif-
ferences, effect sizes (ESs) according to Cohen’s d were cal-
culated and interpreted accordingly: 0.2 to < 0.6, small;
0.6 to < 1.2, medium; 1.2 to < 2.0, large; 2.0 to < 4.0, very
large; and ≥ 4.0, extremely large (30). To determine re-
lationships among speed, COD, and jump capacities, Pear-
son correlation coefficients (r) and 90% CIs were computed
and described as follows: < 0.1, trivial; 0.1 to < 0.3, small;
0.3 to < 0.5, moderate; 0.5 to < 0.7, large; 0.7 to < 0.9, very
large; and ≥ 0.9, extremely large. If the CIs overlapped
zero, the correlations were considered as unclear (30). To
compare correlations between both age groups, common
variances from coefficients of determinations (R2) were
calculated and expressed as factors. The single factors, and
also the mean factor (i.e., the overall explained variance),
among speed, COD, and jump capacities were compared
between both age groups through magnitude-based infer-
ences likewise. Therefore, the smallest worthwhile ratio
(SWR) of the factors was consistently defined as 1.1 (i.e., a
common variance of 10%) (30). While the magnitude-based
inferences were determined using the spreadsheets avail-
able at http://www.sportsci.org/, all other statistics were
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Figure 1. Design of the Change of Direction (A) as well as Ventral (B), Lateral (C), and Dorsal (D) Core Strength-Endurance Test

computed using the SPSS software package (IBM, Version
22, New York, USA).

4. Results

4.1. Differences

Table 1 shows that juniors had a likely to most likely
lower age, handball experience, body height, mass, mass
index, and fat-free mass (ES: 0.7 - 1.2) as well as likely lower
1RM bench press and ISRT performance (ES: both 0.7) than
adults. Contrarily, juniors had a likely to very likely su-
perior speed, COD, and vertical SJ (ES: 0.5 - 1.3) and most
likely superior core strength-endurance performance (ES:
1.6). No further differences rated as at least likely were
found.

4.2. Relationships and Explained Variances

Table 2 shows that speed, COD, and jump capacities
were large to very large correlated in juniors (r = -0.55

- 0.86), whereas they were mostly unclear correlated in
adults (r = -0.05 - 0.79). With exception among COD as
well as SJ and CMJ performances, likely to most likely more
common variances among speed, COD, and jump capaci-
ties could be explained in juniors than adults.

Figure 2 shows that the overall explained variance
among speed, COD, and jump capacities was likely to be
higher in juniors (51%) than adults (17%) (ES: 1.7). The corre-
sponding CIs were 25% - 77% and 0% - 26%, respectively. The
mean factor of the overall explained variance was 1.29 with
1.04 - 1.61 CIs.

5. Discussion

Our main findings in top-level handball players of dif-
ferent ages were: juniors (a) had lower anthropometric
characteristics as well as maximum strength and inter-
mittent endurance, but superior speed, COD, SJ, and core
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Table 1. Differences in Anthropometric Characteristics and Physical Capacities Between Junior and Adult Top-Level Handball Playersa

Variable Juniors Adults Difference SWD Likelihood (%) for Juniors Having
Higher/Similar/Lower Values
(Descriptor)

ES (Descriptor)

Mean (90% CI) Mean (90% CI) Mean (90% CI)

Age, y 18 (18 - 19) 26 (24 - 29) -8 (-10.6 - -5.5) 1 0/0/100 (most likely) 2.4 (very large)

Handball experience, y 10 (9 - 11) 19 (17 - 21) -9 (-12 - -7) 1 0/0/100 (most likely) 2.5 (very large)

Height, m 1.84 (1.81 - 1.87) 1.90 (1.87 - 1.93) -0.06 (-0.10 - -0.02) 0.01 0/2/98 (very likely) 0.9 (moderate)

Mass, kg 81.8 (76.3 - 87.3) 92.0 (88.5 - 95.5) -10.2 (-16.5 - -3.9) 1.8 0/1/98 (very likely) 1.1 (moderate)

BMI, kg m- 2 24.0 (22.7 - 25.3) 25.6 (24.8 - 26.4) -1.6 (-3.1 - -0.1) 0.4 2/7/91 (likely) 0.7 (moderate)

Fat, % 10.8 (9.1 - 12.5) 11.9 (10.6 - 13.2) -1.1 (-3.1 - 0.9) 0.6 8/26/66 (unclear) 0.4 (small)

Fat-free mass, kg 72.8 (68.7 - 76.9) 81.0 (78.2 - 83.8) -8.2 (-13.0 - -3.6) 1.4 0/1/99 (very likely) 1.2 (large)

Speed 5 m, s 1.08 (1.06 - 1.10) 1.12 (1.11 - 1.13) -0.04 (-0.06 - -0.02) 0.01 0/1/99 (very likely) 1.3 (large)

Speed 10 m, s 1.81 (1.78 - 1.84) 1.87 (1.85 - 1.89) -0.06 (-0.09 - -0.03) 0.01 0/1/99 (very likely) 1.1 (large)

Speed 20 m, s 3.08 (3.03 - 3.13) 3.16 (3.13 - 3.19) -0.08 (-0.14 - -0.02) 0.02 0/4/96 (very likely) 0.9 (moderate)

Speed 30 m, s 4.27 (4.20 - 4.34) 4.34 (4.28 - 4.40) -0.07 (-0.16 - 0.02) 0.03 3/19/78 (likely) 0.5 (small)

COD 22 m, s 5.54 (5.41 - 5.67) 5.75 (5.68 - 5.82) -0.21 (-0.35 - -0.07) 0.04 0/2/97 (very likely) 1.0 (moderate)

SJ, cm 34.6 (32.9 - 36.3) 32.2 (30.7 - 33.7) 2.4 (0.2 - 4.6) 0.6 92/7/1 (likely) 0.8 (moderate)

CMJ, cm 42.2 (40.2 - 44.2) 40.4 (38.1 - 42.7) 1.8 (-1.1 - 4.7) 0.9 70/24/6 (unclear) 0.4 (small)

1RM Bench press, kg 91.0 (84.7 - 97.4) 101.8 (92.3 - 111.3) -10.8 (-21.7 - 0.1) 3.0 2/9/89 (likely) 0.7 (moderate)

Core strength-endurance, s 574 (494 - 654) 381 (343 - 419) 193 (107 - 279) 24 99/0/0 (most likely) 1.6 (large)

ISRT, shuttles 98 (93 - 103) 107 (100 - 114) -9.0 (-17 - -1) 2 2/6/92 (likely) 0.7 (moderate)

Abbreviations: CI, Confidence Interval; CMJ, Counter Movement Jump; COD, Change of Direction; ES, Effect size; ISRT, Interval Shuttle Run Test; SJ, Squat Jump; SWD,
Smallest Worthwhile Difference; 1RM, One Repetition Maximum.
aThe differences in the handball experience between both age groups are also shown.

Figure 2. Difference in Overall Explained Variances Among Speed, Change of Direc-
tion, and Jump Capacities Between Junior and Adult Top-Level Handball Players
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Note: * = Likelihood (%) for juniors having a higher/similar/lower overall explained
variance (descriptor); ES = Effect size (descriptor); scatter bars indicate 90% confi-
dence intervals.

strength-endurance capacities; and (b) showed larger re-
lationships among speed, COD, and jump capacities than
adults.

For the first time, anthropometric characteristics and
physical capacities were assessed by the same research de-
sign including various field tests in junior and adult hand-
ball players. For our adults, the mean measured body
height (1.90 cm) and mass (92.0 kg) as well as 30 m speed
(4.34 seconds), SJ (32.2 cm) and CMJ (40.4 cm), 1RM bench
press (101.8 kg), and core strength-endurance (381 seconds)
performance were supported by the values derived from
previous studies (1.82 - 1.90 cm, 82.2 - 95.2 kg, 4.30 - 4.48
seconds, 31.0 - 36.6 cm, 34.2 - 46.8 cm, 99.3 - 106.9 kg, and
436 s, respectively) (8, 10, 11, 14, 17, 18, 22, 31-33). All further
data of our adults were not comparable due to discrep-
ancies in testing procedures (i.e., our COD and endurance
tests were firstly conducted in handball) and methodolo-
gies (e.g., bioelectric impedance vs. skinfold calipers for
body composition analyses (34), single vs. double tim-
ing gates and different procedures to trigger the start for
sprint analyses (35), or impulse-momentum vs. flight-time
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Table 2. Relationships Among Speed, Change of Direction, and Jump Capacities in Junior and Adult Top-Level Handball Players

Variable Juniors r Adults r Ratio R2 SWR Likelihood (%) for Juniors
Having
Higher/Similar/Lower R2

(Descriptor)

(90% CI)
(Descriptor)

(90% CI)
(Descriptor)

(90% CI)

Speed 5 m vs.
Speed 30 m

0.86 (0.59 - 0.96)
(very large)

0.61 (0.13 - 0.86)
(large)

1.27 (1.03 - 1.57) 1.1 87/12/1 (likely)

Speed 5 m vs.
COD 22 m

0.71 (0.26 - 0.91)
(large)

0.45 (-0.14 - 0.80)
(unclear)

1.25 (0.99 - 1.58) 1.1 83/16/2 (likely)

Speed 30 m vs.
COD 22 m

0.64 (0.14 - 0.88)
(large)

0.05 (-0.52 - 0.59)
(unclear)

1.41 (1.17 - 1.69) 1.1 98/2/0 (very likely)

SJ vs. Speed 5 m -0.84 (-0.95 - -0.54)
(very large)

-0.05 (-0.56 - 0.49)
(unclear)

1.70 (1.48 - 1.96) 1.1 100/0/0 (most likely)

SJ vs. Speed 30 m -0.78 (-0.93 - -0.40)
(very large)

-0.08 (-0.58 - 0.46)
(unclear)

1.60 (1.36 - 1.87) 1.1 100/0/0 (most likely)

SJ vs. COD 22 m -0.62 (-0.87 - -0.10)
(large)

0.17 (-0.42 - 0.66)
(unclear)

1.35 (1.11 - 1.63) 1.1 96/4/0 (very likely)

CMJ vs. Speed 5 m -0.55 (-0.85 - 0.00)
(large)

0.28 (-0.29 - 0.70)
(unclear)

1.21 (0.99 - 1.48) 1.1 79/20/1 (likely)

CMJ vs. Speed 30
m

-0.59 (-0.86 - -0.06)
(large)

0.07 (-0.47 - 0.57)
(unclear)

1.34 (1.11 - 1.62) 1.1 96/4/0 (very likely)

CMJ vs. COD 22 m -0.57 (-0.85 - -0.03)
(large)

0.59 (0.06 - 0.86)
(large)

0.98 (0.77 - 1.26) 1.1 22/48/30 (unclear)

CMJ vs. SJ 0.86 (0.59 - 0.96)
(very large)

0.79 (0.45 - 0.93)
(very large)

1.07 (0.89 - 1.30) 1.1 41/52/8 (unclear)

Abbreviations: CI, Confidence Interval; CMJ, Counter Movement Jump; COD, Change of Direction; r, Pearson Correlation Coefficient;
R2, Coefficient of Determination; SJ, Squat Jump; SWR, Smallest Worthwhile ratio.

method for jump analyses (36). For our juniors, no compa-
rable data were available overall, because previous studies
have investigated younger players (3, 16, 20, 24, 25). Taken
together, compared to previous studies, our data provide
additional and new knowledge into anthropometric char-
acteristics and physical capacities of both junior and adult
handball players, and thus, are worth being reported.

Regarding our first major finding, juniors had lower
anthropometric characteristics as well as maximum
strength and intermittent endurance capacities com-
pared to adults (Table 1). Our detected differences were
approximately 3-fold lower than those reported in one
previous study for body height, mass, and fat-free mass
as well as maximal handgrip strength, when comparing

junior at 15 years and adult handball players (14). Plausibly,
such differences between juniors and adults are caused by
both naturally occurring growth, development, and mat-
uration processes during puberty (e.g., via the hormonal
mediated increases in fat-free mass, anaerobic capacities,
or myelination of nerve fibers) (26) as well as additionally
inducted long-term training adaptations (37), particularly
according to resistance drills frequently performed in
handball players (38) to physically prepare them for their
playing demands (1). Overall, compared to adult handball
players, the findings of our study and one previous study
(14) show that differences in anthropometric characteris-
tics and maximum strength capacities decrease in juniors
from 15 to 18 years, but are still evident and of practical
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meaningfulness in 18 year old players (Table 1).
Further, our results demonstrate that juniors had a

lower intermittent endurance capacity than adults (Table
1). Unfortunately, no study allowing comparison is avail-
able, because differences in this physical capacity between
junior and adult handball players were firstly examined
here. However, in other sports like soccer (39) and ten-
nis (40), it has previously been shown that juniors aged
15 to 18 had a lower intermittent endurance capacity than
adults. Likely, intermittent endurance associated differ-
ences between juniors and adults are related to differ-
ences in aerobic and anaerobic energy supplies (41), and
may indicate here that there is a need to perform more
repeated high-intensity running activities in adult hand-
ball level (7). Interestingly, our finding of differences in
intermittent endurance and maximum strength capaci-
ties were less meaningful than those revealed in most an-
thropometric characteristics (Table 1). Therefore, it can be
speculated that anthropometric characteristics, particu-
larly body height and fat-free mass, are key physical deter-
minants for playing handball in an top-level adults (10, 16).

A not expected outcome was that juniors had superior
speed, COD, and SJ capacities compared to adults (Table
1). In handball, such differences have been reported for
the first time. Nevertheless, in soccer (39) and futsal (42),
it has already been shown that juniors aged 18 to 20 had
superior speed and COD capacities to adults, which sup-
ports our unexpected findings. Since our identified dif-
ferences decreased by longer sprinting distances and were
also evident in the SJ capacity (Table 1), these outcomes
may be affected by different capacities to accelerate, po-
tentially for three main reasons: Firstly, it is known that
the capacity to accelerate is impacted by the body mass
(43), which is also supported by the findings of one pre-
vious study in adult handball players (23). Therefore, and
because our juniors possessed less body mass (Table 1), a
mass effect may explain their superior sprint and jump
performances. Secondly, it is also known that the capac-
ity to accelerate is influenced by the functioning of the
neuromuscular system (e.g., neuronal drive, synchroniza-
tion/recruitment/rate coding of motor units, or autogenic
inhabitation) not only according to inherited talent or
gained training adaptations (26), but also to experiencing
musculoskeletal injuries (e.g., shown by lower electromyo-
graphy median frequencies and amplitudes) (44). Conse-
quently, and due to their shorter handball experiences (Ta-
ble 1), our juniors may have experienced less musculoskele-
tal injuries, which may have favored the functioning of
their neuromuscular system to perform fast and explosive
movements. Lastly, compared to our adults, it is clear that
the shorter handball experiences of our juniors are associ-
ated with less match play and training experiences. Thus,

our juniors may be required to perform more “needless”
sprints and jumps, which may also explain their superior
performances from a long-term training adaptation per-
spective.

To finish the first major finding, juniors had a supe-
rior core strength-endurance capacity than adults (Table
1). To the best of our knowledge, no previous study has
compared the core strength-endurance capacity between
junior and adult athletes. However, during the last decade,
core strength training has gained attention due to its pos-
tulated association with both performance enhancement
and injury prevention (29). Therefore, the superior core
strength-endurance capacity of our juniors may be caused
by regularly performed core strength or further functional
drills, and thus, reflects a long-term training adaptation ac-
cording to their particular training content. Another pos-
sibility is again connected to their lower anthropometric
characteristics (Table 1), because all applied core tests re-
quired the players to perform as many functional exercises
as possible (Figure 1B-D) (29) for which particularly lower
body masses and heights may have been beneficial.

Concerning our second main finding, juniors had
larger relationships among speed, COD, and jump capac-
ities than adults (Table 2). Regarding the relationships be-
tween jump and speed capacities, our findings were sup-
ported by those of one previous study each in junior (27)
and adult (22) handball players, demonstrating compara-
ble correlation coefficients (juniors: r = -0.65 - -0.68; adults:
r = -0.45). Overall, the outcomes of our and previous stud-
ies (22, 27) show that speed and jump capacities were large
to very large correlated in juniors, whereas both were un-
clear to moderate correlated in adults, indicating differ-
ent associations between two important physical capaci-
ties for playing handball (1) in both age groups.

Additionally, compared to previous studies (22, 27), our
study was the first to examine relationships not only be-
tween speed and jump capacities, but also concerning COD
considered as a further essential physical capacity for play-
ing handball (1, 15). In line with the found relationships
between speed and jump capacities, in our juniors and
adults, speed and COD capacities were large and unclear
correlated, respectively (Table 2). Generally, it is accepted
that speed and COD are independent physical capacities,
because speed is predominantly determined by the neu-
romuscular system (e.g., neuronal drive, percentage of
type II fibers, and anaerobic energy supply) (26), whereas
COD also requires perceptual and decision making (e.g., vi-
sual scanning, pattern recognition, and anticipation) and
change of direction aspects (e.g., technique and anthro-
pometry) (45). However, in view of our examined sprinting
distances, the 5 m speed capacity was more strongly corre-
lated with the COD capacity than the 30 m speed capacity
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in both age groups (Table 2), showing a fundamental im-
pact of the capacity to accelerate on COD (45). Lastly, we
observed that jump and COD capacities were large and un-
clear to large correlated in our juniors and adults, respec-
tively (Table 2), which is in line with our findings regarding
jump and speed capacities. To conclude, these outcomes
show that one further important physical capacity for play-
ing handball, namely COD, was differently correlated with
speed and jump capacities in junior and adult handball
players.

To explain our observed different relationships among
speed, COD, and jump capacities between juniors and
adults overall, the most plausible explanation may be re-
lated to one different playing rule. In juniors, substitutions
are only allowed during offensive playing phases, whereas
they are permitted at any time in adults (46), potentially
leading to different playing demands, and particularly, to a
specialization regarding physical capacities in adults. This
assumption is not only supported by our findings showing
that overall more explained variance among speed, COD,
and jump capacities could be explained in juniors than
adults (Figure 2), but also by a previous study demonstrat-
ing that differences in physical capacities between playing
positions were evident in adult, but not in 15 years old ju-
nior handball players (14).

From a practical point of view, our findings may help
design different training and testing procedures for both
age groups, and also assist in talent selection processes.
For juniors, training drills should focus on speed, COD,
jump, and core strength-endurance, whereas drills for
adults should accentuate body composition, mainly body
and fat-free mass, as well as maximum strength and in-
termittent endurance. Thereby, in juniors, one drill con-
tent (e.g., jumps) can impact several physical capacities
(e.g., speed and COD), whereas this may not be the case
in adults in whom separate drills to optimize each phys-
ical capacity are required. Furthermore, in juniors, one
physical capacity test (e.g., for speed) may also allow con-
clusions regarding other fast and explosive capacities (e.g.,
COD and jump), whereas in adults separate tests are neces-
sary. Lastly, our assessed data can be used as a framework
to identify talented juniors and adults and particularly to
modify the training content in talented juniors, when aim-
ing to develop them toward prospective elite adults.

While our study provided new knowledge into anthro-
pometric characteristics and physical capacities in top-
level handball players, our findings were limited by the
small sample sizes as indicated by some unclear outcomes
(Table 1 and Table 2). Additionally, our findings could
have been even more meaningful, if additional age groups
or further important anthropometric characteristics, like
segmental specific measures for body fat and fat-free mass

(47), as well as physical capacities, such as ball throwing
velocity (12), jumps involving opening steps (48), repeated-
sprint ability (21), or performance circuits (1), would have
also been tested. However, it must be reflected that our
data were obtained from unique populations. This is espe-
cially true regarding our adults being World and European
Champions. In such unique populations, it is difficult to
increase the sample size and to conduct standardized test-
ing procedures during the pre-season preparation with-
out reducing the homogeneity and disturbing training-
regeneration regimes, respectively.

In conclusion, this study shows that differences in an-
thropometric characteristics and physical capacities, and
also in relationships among physical capacities, are evi-
dent between junior and adult top-level handball players,
indicating different physical needs to play handball.
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