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Abstr act

The objective was to investigate the effects of a 9-week elastic 
resistance band training within the regular handball training 
sessions compared to regular handball training only. Partici-
pants were randomly assigned to an intervention (INT: n = 16; 
age: 17.0  ±  0.7 years) or a control (CON: n = 16; age: 16.9  ±  
0.9 years) group. The INT-group performed elastic resistance 
band exercises (3/week) for 20–30 minutes while the CON-
group conducted regular handball training only. Pre- and post-
training assessments included measures of strength endurance 
(Closed Kinetic Chain Upper Extremity Stability Test [CK-
CUEST]), maximal isometric strength (MIS), and throwing ve-
locity. Significant main effects of Test (i.e. pre- to post-training 
enhancements) were detected for the CKCUEST (p  <  0.001, 
0.54  ≤  ηp

2  ≤  0.57) and throwing velocity (p  =  0.001, ηp
2  =  

0.34). We found a significant (throwing velocity: p  =  0.004, 
ηp

2  =  0.25) and a tendency toward (MIS of the internal rotators, 
non-throwing arm: p  =  0.068, ηp

2  =  0.12) a significant Test  ×  
Group interaction, both in favour of the INT-group. A 9-week 
strengthening program using elastic resistance bands com-
bined with regular handball training is effective to improve 
upper extremity strength endurance, throwing velocity, and 
MIS of the internal rotators of the non-throwing arm.

Introduction
Handball is a dynamic Olympic full-contact sport and one of the 
most popular sports in Europe [1]. Repetitive overhead throwing 
actions are an integral part of the game [2]. The importance of 
throwing on individual as well as team success has been assessed 
by original studies [3, 4] and reviews [5, 6]. More precisely, adoles-

cent handball players are reported to perform an average of 100.9 
passes and 10.1 shots during a 2 × 25-minute game [7].

Based on this handball-specific load, training programs have to 
be developed. Elastic resistance bands are simple training means 
that can be used within the training time and have the potential to 
improve functional and in-game performance of athletes [8]. The 
development and effectiveness testing of such elastic resistance 
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band interventions give insights on the prescription and training 
load on an individual basis. In this regard, Mascarin et al. [9] were 
able to report significant gains in throwing velocity and isokinetic 
shoulder internal rotator strength after six weeks of a triweekly 
elastic resistance band training in adolescent female handball play-
ers (n = 21, age: 15.3 ± 1.1 years) compared to a control group 
(n = 18, age: 15.0 ± 0.8 years). In a similar study, the same authors 
[10] were able to report positive effects on the ratio of the shoul-
der internal and external rotators following six weeks of elastic re-
sistance band training (3 times per week) in adolescent female 
handball players (dominant upper limb group: n = 8, age: 15.3 ± 0.9 
years and non-dominant upper limb group: n = 5, age: 15.2 ± 0.5 
years) compared to the dominant upper limb control group (n = 7, 
age: 15.9 ± 1.2 years) and the non-dominant upper limb control 
group (n = 5, age: 15.4 ± 0.9 years). The aforementioned studies as-
sessed young female handball players, and therefore the transfer-
ability of these results to young male players remains unclear owing 
to differences in growth and maturation [11]. More specifically, 
studies have shown male players to be taller, heavier, and stronger 
[12–14]. These anthropometric differences may account for bet-
ter physical (e. g., jump height) and athletic (e. g., throwing veloc-
ity) performances in male compared to female handball players  
[15–17]. Consequently, training-related changes may differ be-
tween sexes. This could be either in favour of males owing to their 
more mature muscular system [18] or in favour of females owing 
to their higher adaptive reserve [19]. Besides these aspects, the 
studies of Mascarin et al. [9, 10] displayed the methodical weak-
ness that the elastic resistance band exercises were executed in ad-
dition to regular handball training and thus increased the overall 
training load in the intervention group compared to the control 
groups of these studies, leaving unclear whether the improvements 
were a result of the specific elastic resistance band training or the 
increased overall training load.

The aim of this study was to investigate the effects of a triweek-
ly 9-week shoulder strengthening program using elastic resistance 
bands during handball training compared to regular handball train-
ing only on measures of physical (i. e. strength endurance and max-
imal strength) and athletic (i. e. throwing velocity) performance in 
male adolescent handball players. Our hypothesis was that both 
groups will improve their performances with superior effects for 
the elastic resistance band training group.

Methods

Participants
Out of 23 junior male handball teams that were chosen to be eligi-
ble based on their affiliation with the same regional playing class 
and age category, the first two teams that responded to be willing 
to participate were assigned to the control (CON) or the interven-
tion (INT) group using the Research Randomizer software (www.
randomizer.org) (▶Fig. 1). The INT group consisted of 17 subjects. 
As one subject did not finish the intervention owing to personal 
reasons, 16 subjects were included in the analysis. In contrast, the 
CON group initially included 18 subjects. However, two subjects 
did not participate in the pretesting, therefore, 16 subjects were 

included in the analysis. There were no significant differences be-
tween the two groups (▶Table 1).

Prior to the study, all players and their coaches were informed 
about the study goals. After agreeing to take part, all players gave writ-
ten consent and the subjects who were under the age of 18 years ad-
ditionally handed in an informed consent from their parents or legal 
guardians. Exclusion criteria were any injury that hindered the subjects 
from training or games in the two weeks before testing. Prior to each 
testing session, the participants were asked if they suffered from any 
condition, pain or injury that could affect their performance in the 
tests. The study was carried out according to the Declaration of Hel-
sinki, the Ethical Standards in Sport and Exercise Research: 2020 Up-
date [20] and the Human Ethics Committee at the University of Duis-
burg-Essen, Faculty of Social Sciences approved the study protocol 
(TM_23.03.2020).

Training program
Both the participants of the INT and CON group performed their 
regular handball routine (3 times per week, 90 minutes per ses-
sion). The participants of the INT group executed a 9-week shoul-
der strengthening program (3 times per week; 20–30 minutes per 
session) within their regular 90-minute handball training session. 
All training sessions were carried out at the beginning of the com-
petition period and were conducted according to the training 
methodology framework [21] of the German Handball Association, 
which stipulates the training content in this age category to con-
sist of 30 % of athletic exercises, 20 % of fast break exercises, 10 % 
of team level offensive and defensive training, 20 % of cooperative 
offensive and defensive training as well as 20 % of individual offen-
sive and defensive training. The CON group also conducted the first 
20–30 minutes of their handball-specific training following the 
guidelines of the German Handball Association [21], which consist-
ed of throwing exercises whereas the INT group executed the spe-
cific shoulder intervention resulting in the same temporary train-
ing load of 90 minutes for both groups. A TheraBand (The Hygenic 
Corporation, Akron, OH, USA) resistance level green (i. e. heavy re-
sistance; 4.6 lbs at 100 % elongation) was used for every exercise. 
Training progression was assured through exercise variations and 
increase of repetitions (▶Fig. 2). Before the beginning of the train-
ing sessions, the coaches were given pictures with the description 
of the exercises. All athletes received their own resistance band, 
and substitute resistance bands were present in all training ses-
sions. One member of the testing staff demonstrated the exercises 
prior to the first execution by the players. The participants were in-
structed to start the movement in 100 % elongation of the bands. 
To individualise the training intensity, the players were instructed 
to stretch the band in accordance to their strength level. All exer-
cises were executed within the regular handball training sessions 
in a non-fatigued but warmed-up condition. The intervention pro-
gram consisted of three sets of six exercises, i. e. the six movement 
directions of the shoulder: anteversion, retroversion, internal ro-
tation, external rotation, abduction, and adduction with three se-
ries of 8 repetitions in week 1, week 4, and week 7; three series of 
10 repetitions in week 2, week 5, and week 8; and three series of 
12 repetitions in week 3, week 6, and week 9. These same six exer-
cises were executed for the first three weeks and replaced by six 
new exercises in week 4–6; from week 7–9 the final six new exer-
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cises were implemented (▶Fig. 2). In order to prevent training mo-
notony over the 9 weeks of training while still assuring training pro-
gression, varying exercises with steady resistance but increasing 
repetitions were used. Weekly phone calls between the examiner 
of the study and the coaches were conducted to keep the training 

intensity on a similar level. The participants were asked to perform 
all exercises in a steady and uninterrupted movement during both 
the concentric and the eccentric phase. Precision in execution was 
assured through constant observation by the coaches.

Testing procedures
Assessment of Anthropometric Variables
Prior to the intervention, the anthropometric variables body height 
and body mass were assessed. Body height was registered with a 
seca 217 (seca, Basel, Switzerland) linear measurement scale with-
out shoes to the nearest 0.1 cm. Body mass was assessed without 
shoes, in light sportswear that was subsequently worn during the 
testing, with an electronic seca 803 scale to the nearest 100 g. The 
body mass index (BMI) was calculated as body mass divided by body 
height squared (kg/m²). Besides these variables, the subjects were 
asked for how many years they had been training in and playing 
handball (i. e. training experience) and what their dominant as well 
as throwing arm is.

Assessment of Strength Endurance
The closed kinetic chain upper extremity stability test (CKCUEST) 
as described by Tucci et al. [22] was used to assess muscular endur-
ance with an electronic clock to gauge the time. The CKCUEST is a 
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Assessed for eligibility (nteams = 23)Enrollment

Randomized (nteams = 2)

Excluded (nteams = 21)
▪declined to participate (nteams = 21)

Allocation

Team 1: Intervention group (n = 17)
▪Assessment at pretest (n = 17)
- did not finish intervention (n = 1)

▪Assessment at posttest (n = 16)

Team 2: Control group (n=18)
▪Assessment at pretest (n = 16)
- did not participate in pretest (n = 2)
▪Assessment at posttest (n = 16)

Analysis

Analysed (n = 16) Analysed (n = 16)

▶Fig. 1	 Flowchart of the progress through the phases of the study according to the CONSORT statements 2010.

▶Table 1	 Characteristics of the study participants (N = 32) by group.

Characteristic INT group 
(n = 16)

CON group 
(n = 16)

p-value

Age [yrs] 17.0  ±  0.7 16.9  ±  0.9 0.666

Maturity offset *  
[years from PHV]

3.08  ±  0.74 3.06  ±  0.69 0.917

Body mass [kg] 80.5  ±  12.9 74.5  ±  14.8 0.228

Body height [cm] 180.4  ±  7.6 181.4  ±  6.6 0.693

BMI [kg/m2] 24.7  ±  3.5 22.5  ±  3.3 0.073

Arm dominance [l/r] 1/15 2/14 –

Throwing arm [l/r] 1/15 1/15 –

Training experience 
[yrs]

9.3  ±  3.1 7.9  ±  2.9 0.221

Data are group mean values ± standard deviations.  * Maturity offset 
was calculated by using the formula provided by Moore et al. [36]. 
BMI = body mass index; CON = control group; INT = intervention 
group; l = left; r = right; PHV = peak height velocity.
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field test for measuring muscular endurance of the shoulder girdle. 
Based on this, conclusions about the resistance against fatigue can 
be drawn. Muscular fatigue develops during handball training ses-
sions and games and is associated with performance impairments 
[23] and an increased risk of injuries [24]. During the CKCUEST, the 
participants had to assume a push-up position with hands placed 
36 inches (approx. 91.44 cm) apart, flat back, and shoulders per-
pendicular to the wrists. As soon as the test started, the subjects 
had to alternately touch the supporting hand with the non- 
supporting hand as fast as possible for the duration of 15 s. A total 
of three trials was performed separated by 45-s rest periods. Be-
tween trials, the participants could rest in a position chosen by 
themselves to be comfortable. Each trial started and ended with 
an acoustic beep. Prior to each trial, a 3-s verbal countdown was 
given. The number of touches was noted down for each trial with 
the best one (i. e. highest number of touches) used for further anal-
ysis. Further, the relative CKCUEST score was calculated as the mean 
number of touches divided by subjects’ body height (cm). Lastly, 
CKCUEST power was computed by multiplying the average num-
ber of touches by 68 % of subjects' body mass (kg) divided by 15 
[22, 25]. The CKCUEST has been shown to have moderate to excel-
lent reliability for adolescents [26]. In addition, intraclass correla-
tion coefficients (ICC) were calculated for the CKCUEST using the 
pretest data of both groups. The obtained values were “excellent” 
and ranged from ICC = 0.84–0.97 for the different trial comparisons 
(i. e. 1st vs. 2nd vs. 3rd trial).

Assessment of Maximal Isometric Strength
Maximal isometric strength (MIS) of the internal rotators was  
assessed to the nearest 0.01 Nm using a Kistler 9321B (Kistler,  
Winterthur, Switzerland) force transducer and a custom-built dy-

namometer. While sitting, the subjects had to flex the elbow to 90 ° 
with the shoulder being abducted to 90 °. The rotational axis of the 
dynamometer was positioned at the participants’ shoulder joint 
with the handlebar being adjusted to their respective forearm 
length [27]. During testing, the participants were asked to sit up-
right and grasp the handlebar tightly with their forearm positioned 
in the dynamometer. Additionally, the subjects were given a coun-
terbalance weight (1.25 kg) to hold in the opposite hand and were 
strapped to the chair. The individual adjustment values were noted 
down and used again for the posttest. All subjects were asked to 
maximally rotate their shoulder internally for approximately three 
seconds as soon as the experimenter verbally announced it. After 
a rest period of 30 s, the left arm was tested again being followed 
by two trials of the right arm after the subject changed the direc-
tion of the seat position. The values of each trial were noted down 
manually on a sheet and electronically on a laptop with custom La-
bVIEW software (version 2016; National Instruments, Austin, TX, 
USA). A moving average filter with a window width set to 500 ms 
was used to smooth the force signal, and the best trial (i. e. highest 
value) of each side was used for further analysis.

Assessment of Athletic Performance
A target net (SG 500 L; size: 3 m × 2 m) was attached to a handball 
goal in the training venue of the clubs. Within this target net, there 
was a hole of a 1 m × 1 m, into which the players had to throw. A 
“Stalker Pro” radar gun (Applied Concepts Inc., Richardson, TX, 
USA) was placed behind the goal net at a height of 1.20 m facing in 
the direction of the hole of the goal net to secure the Doppler ef-
fect. The radar gun measures velocities from 0 to 480 km/h with an 
accuracy of 0.16 km/h in a 0.01-s time interval. The working fre-
quency of the “Stalker Pro” is reported to be 35.1 GHz with a low 

Weeks

Week 1
(3 x 8 reps per exercise)

Anteversion Retroversion Internal rotation External rotation Abduction Adduction

Anteversion Retroversion Internal rotation External rotation Abduction Adduction

Anteversion Retroversion Horizontal UBR Retraction Diagonal UBR
(bottom-up)

Diagonal UBR
(top-down)

Week 2
(3 x 10 reps per exercise)

Week 3
(3 x 12 reps per exercise)

Week 4
(3 x 8 reps per exercise)

Week 5
(3 x 10 reps per exercise)

Week 6
(3 x 12 reps per exercise)

Week 7
(3 x 8 reps per exercise)

Week 8
(3 x 10 reps per exercise)

Week 9
(3 x 12 reps per exercise)

Exercises

▶Fig. 2	 Description of the shoulder strengthening program using elastic resistance bands. UBR = upper body rotation.
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disturbance threshold [28]. One of the testers was positioned be-
hind the goal net to assess the throwing velocity, reporting the 
value to be noted down on the scoring sheet of each athlete by the 
second tester. The subjects had to place their contralateral leg at 
the 7-m line while holding the ball with their throwing arm. A bench 
was put alongside on the 7-m line and the player could touch it with 
the contralateral foot but not fall over the bench during or after 
throwing. All players used the same standard ball size 3. All throws 
were executed as standing throws with no run-up, taking into ac-
count the guidelines of the German Handball Federation [21]. The 
fastest throwing velocity was noted down out of three consecutive 
trials immediately following each other. Only the throwing arm was 
tested. In a recent study, Rios et al. [29] reported this kind of throw-
ing execution to be highly reliable (ICC = 0.89).

Statistical analyses
Descriptive data are reported in terms of group mean values and 
standard deviations. A univariate analysis of variance (ANOVA) was 
performed to test for significant discrepancies in pretest values be-
tween the two groups. Thereafter, a 2-way mixed ANOVA was per-
formed using “Test: Pre, Post” (within-subject factor) and “Group: 
INT, CON” (between-subject factor) as independent variables.  
The assessed performance measures (i. e. strength endurance,  
maximal isometric strength, throwing velocity) were used as de-
pendent variables. If a significant (p ≤ 0.05) or a tendency toward a 
significant (0.05 < p < 0.10) Test × Group interaction occurred, dif-
ferences between pretest and posttest values were analysed for 
each group separately with the help of paired t-tests. Furthermore, 
the partial eta-squared (ηp

2) was used as an effect size measure and 
classified as small (0.02 ≤ ηp

2 ≤ 0.12), medium (0.13 ≤ ηp
2 ≤ 0.25), 

and large (ηp
2 ≥ 0.26). All statistical analyses were performed using 

Statistical Package for Social Sciences version 27.0 (IBM Corp.,  
Armonk, NY, USA).

Results
▶Table 2 displays statistics for all analysed variables. In general, 
there were no statistically significant differences in pretest values 
between the two groups.

Strength endurance
Irrespective of the used measure, the analysis detected significant 
main effects of Test (34.543 ≤ F1,30 ≤ 40.439, all p < 0.001, 
0.54 ≤ ηp

2 ≤ 0.57) and Group (5.325 ≤ F1,30 ≤ 6.714, 0.015 ≤ p ≤ 0.028, 
0.15 ≤ ηp

2 ≤ 0.18). The interaction effects of Test × Group were not 
significant.

Maximal isometric strength
For the MIS of the internal rotators of the non-throwing but not of 
the throwing arm, we found a tendency toward a significant 
Test × Group interaction (F1,30 = 3.616, p = 0.068, ηp

2 = 0.12) 
(▶Table 2). The post-hoc analysis yielded that the participants in 
the INT group significantly increased their strength values over the 
training period (Δ + 12.6 %, p = 0.05, ηp

2 = 0.03) whereas the partic-
ipants in the CON group showed no significant changes (Δ−0.9 %, 
p = 0.82, ηp

2 = 0.01) (▶Fig. 3A). The main effect of Test showed a 
tendency toward a significance for the non-throwing (F1,30 = 3.392, ▶
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p = 0.077, ηp
2 = 0.11) but not for the throwing arm. Irrespective of 

arm, the main effect of Group was not significant.

Athletic performance
For the throwing velocity, our analyses indicated significant main 
effects of Test (F1,30 = 14.979, p = 0.001, ηp

2 = 0.34) and Group  
(F1,30 = 4.405, p = 0.045, ηp

2 = 0.13) as well as a significant 
Test × Group interaction (F1,30 = 9.508, p = 0.004, ηp

2 = 0.25) 
(▶Table 2). Post-hoc analyses revealed significant enhancements 
over the course of training in the INT group (Δ + 4.9 %, p < 0.001, 
ηp

2 = 0.07) but not in the CON group (Δ + 0.5 %, p = 0.588, ηp
2 = 0.01) 

(▶Fig. 3B).

Discussion
The aim of the study was to investigate the effects of a 9-week 
shoulder-strength resistance training program using elastic bands 
on strength endurance (CKCUEST) of the upper extremities, MIS of 
the internal rotators, and throwing velocity in male sub-elite ado-
lescent handball players. The main results can be summarized as 
follows. In both groups, strength endurance, MIS of the internal ro-
tators for the non-throwing arm, and throwing velocity improved 
over the training period and the latter two were more enhanced in 
the INT- compared to the CON group.

Effects on muscle strength
We expected performance increases in both groups, but with su-
perior effects for the INT group. In terms of strength endurance, 
we are only able to partly confirm our hypothesis because both 
groups enhanced their performance in the CKCUEST to a similar 
extent. This finding is partly in line with Mascarin et al. [9] who re-
ported increased isokinetic internal strength in the shoulder mus-
cles in the INT group but not in the CON group following six weeks 
of elastic band resistance training. Possibly, the CON group in the 
present study also improved owing to the strength-related throw-
ing and passing exercises that were executed whereas the INT 
group executed the shoulder exercises. In contrast to regular hand-
ball training only, the specific elastic resistance band exercises with-
in the 90-minute training sessions may be responsible for the some-

what higher but not statistically significant different improvements 
in the INT group. The elastic resistance band exercises may have an 
improving effect, however, may not be a stimulus specific enough 
for a closed kinetic chain test which demands the interplay of dif-
ferent muscles to lead to significantly different effects. Both groups 
improved, possibly also due to the accompanying regular handball 
training. The scores found in the present samples (INT group: ~29–
33 touches; CON group: ~27–30 touches) were higher than the 
ones reported in the study by Lagniaux et al. [30], who also assessed 
adolescent handball players (26.7 ± 3.6 touches). The differences 
in number of touches in our study compared to the study by La-
gniaux et al. [30] may be explained by the fact that although in both 
studies adolescents were investigated, our cohort was exclusively 
composed of male players whereas the cohort of Lagniaux et al. 
[30] consisted of male and female players. It is well documented 
that female players possess lower muscle strength than their male 
counterparts [12]. This will lead to a reduced number of touches in 
the CKCUEST and may explain the differences between our study 
and the one by Lagniaux et al. [30]. The higher scores in our sam-
ple show that the players already had a good training level prior to 
the intervention. The benefit from the training program may be an 
additional indicator for its efficiency especially because the adap-
tive reserve in the present sample seems to be rather low owing to 
the high CKCUEST baseline values.

Regarding MIS, we also partly confirmed our initial hypothesis 
because performance for the non-throwing but not for the throw-
ing arm was enhanced in both groups but in favour of the INT group 
(see post-hoc analysis). This result is again partially in concordance 
with the work of Mascarin et al. [9], who reported improved inter-
nal rotation strength of the throwing arm but did not test the non-
throwing arm following elastic resistance band exercises. It could 
be assumed that for the participants in the present study the adap-
tive reserve to the training stimulus is higher in the non-throwing 
than in the throwing shoulder. Due to the high number of throws 
and passes executed with the throwing arm during regular hand-
ball training, the internal rotation that resembles the throwing 
movement already has higher baseline values than the internal ro-
tation of the non-throwing shoulder in both groups (▶Table 2). 
This finding of higher baseline values of internal rotation strength 
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in the throwing compared to the non-throwing shoulder was also 
reported by Raeder et al. [31] and Cools et al. [32].

In sum, the combination of a shoulder strength resistance train-
ing program using elastic bands and regular handball training can 
be recommended compared to regular handball training only to 
increase measures of upper extremity strength endurance and MIS 
strength of the internal rotators of the non-throwing arm in sub-
elite male adolescent handball players. This combination gives 
coaches and players a cheap and feasible opportunity to improve 
upper extremity muscle strength for adolescent handball players 
within their regular training sessions.

Effects on athletic performance
The hypothesis that both groups will improve their athletic perfor-
mance and that the INT group will show larger enhancements as 
compared to the CON group was confirmed. The throwing veloci-
ties reported in the INT group (pretest: 76.9 ± 6.2 km/h; posttest: 
80.7 ± 7.1 km/h) are in accordance with different studies [33, 34] 
that reported throwing velocities of 72–86 km/h in male adoles-
cent players. Contrary to our results, Mascarin et al. [9] reported 
that elastic resistance band training improved both maximum in-
ternal rotation strength and throwing velocity in handball players. 
The training-related improvements in throwing velocity of our 
study, however, may lead to higher in game performance [5, 6]. 
Consequently, conducting the combined training of the INT group 
using elastic resistance band exercises together with regular hand-
ball training is recommended over single-mode handball training 
to increase active throwing velocity in sub-elite adolescent hand-
ball players.

Limitations
As a limitation, external shoulder rotation strength was not as-
sessed. At the time of throwing, the external rotators function as 
antagonistic muscles in the acceleration phase and play a decisive 
role in the last phase of the action, which can influence the final 
output. Thus, future studies should investigate the effects of elas-
tic resistance-band shoulder-strengthening exercises on both ex-
ternal and internal rotator strength. Further, the assessment of 
both strength measures also makes it possible to look at the exter-
nal/internal rotator strength ratio [35], which is a significant indi-
cator of an increased risk of shoulder overuse injury [2]. In addition, 
our findings are limited to the examined age group (i. e. adolescent 
handball players). Therefore, we cannot comment on training- 
related adaptations to other groups of younger (junior athletes) or 
older (senior athletes) handball players. Further, the underlying ad-
aptations of the observed improvements in upper-extremity mus-
cle strength and athletic performance remain unclear, because our 
methodological approach was limited to behavioural outcome 
measures and should therefore be investigated in future studies.

Conclusions
We investigated the effects of a 9-week elastic resistance-band shoul-
der-strengthening program on measures of upper-extremity muscle 
strength and athletic performance in male sub-elite adolescent hand-
ball players. Our data suggest that both regular handball training only 
(CON group) and in combination with elastic resistance band exercis-

es (INT group) are effective in improving throwing velocity, upper ex-
tremity strength endurance, and MIS of the internal rotators of the 
non-throwing but not the throwing arm. Further, our post-hoc analy-
ses indicate superior improvements in favour of the INT group with 
respect to throwing velocity and MIS of the internal rotators. Thus, 
coaches can use this easy to administer resistance band intervention 
as an adjunct to the regular handball routine when the goal is to en-
hance ball speed and maximal shoulder strength in particular.
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