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T
he prevalence of shoulder problems in handball is high (23%-
41%), both among senior and adolescent players.1,2,4,7,11,28,31 The 
problems often persist, and players continue to play despite 
shoulder pain.7,31 Overuse shoulder problems are the most 

common overuse injury in handball.1,4,17,21

to completing the OSTRC program.6 
Our Norwegian colleagues encouraged 
research to evaluate the effect of the 
exercises in the OSTRC program on 
the specific risk factors their exercises 
targeted, to identify plausible ways to 
shorten the program.6 External rotation 
(ER) strength is a modifiable risk factor 
for shoulder injuries in handball.2,5,8,15,30 
Although effective in preventing shoul-
der injuries, the OSTRC shoulder injury 
prevention program did not affect ER 
strength.18

To find the most effective ER strength 
exercises handball players would likely 
adhere to, we conducted a Delphi con-
sensus study involving 16 international 
experts in shoulder research, shoulder re-
habilitation, handball, or strength train-
ing.19 We developed a short shoulder ER 
strength program for handball players 
based on the opinions of the shoulder ex-
perts. The purpose of our trial was to as-
sess whether the program was effective in 
adolescent handball players. We hypoth-
esized that adding a short shoulder ER 
strength program, using elastic bands, 
would increase shoulder ER strength in 
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0.02 (95% CI: –0.08, 0.13), respectively.

	U CONCLUSION: The ER strength program 
improved neither the ER strength nor the ER:IR 
ratio. J Orthop Sports Phys Ther 2021;51(4):174-
187. doi:10.2519/jospt.2021.9957

	U KEY WORDS: external rotation strength, 
handball, shoulder

1Oslo Sports Trauma Research Center, Department of Sports Medicine, Norwegian School of Sport Sciences, Oslo, Norway. 2Department of Rehabilitation Sciences and 
Physiotherapy, Ghent University, Ghent, Belgium. The South-Eastern Norway Regional Committee for Medical and Health Research Ethics (2019/28912/REK sør-øst) approved 
this study. The trial was registered in the International Standard Randomized Controlled Trial Number registry (ISRCTN19694168). The Oslo Sports Trauma Research Center 
has been established at the Norwegian School of Sport Sciences through generous grants from the Royal Norwegian Ministry of Culture, the South-Eastern Norway Regional 
Health Authority, the International Olympic Committee, the Norwegian Olympic Committee and Confederation of Sport, and Norsk Tipping AS. The authors certify that they 
have no affiliations with or financial involvement in any organization or entity with a direct financial interest in the subject matter or materials discussed in the article. Address 
correspondence to Hilde Fredriksen, Sognsveien 220, 0863 Oslo, Norway. E-mail: hilde.fredriksen@nih.no t Copyright ©2021 JOSPT®, Inc

HILDE FREDRIKSEN, PT, MSc1  •  ANN COOLS, PT, PhD2  •  GRETHE MYKLEBUST, PT, PhD1

No Added Benefit of 8 Weeks of 
Shoulder External Rotation Strength 
Training for Youth Handball Players 

Over Usual Handball Training Alone: 
A Randomized Controlled Trial

It is possible to prevent shoulder 
injuries in handball. There was a 28% 
reduction in the prevalence of shoul-
der problems after implementing the 
Oslo Sports Trauma Research Center 

(OSTRC) shoulder injury prevention 
program.4 However, adherence to the 
program was low. Players and coach-
es reported that program length and 
poor motivation were the main barriers 
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adolescent handball players compared to 
usual training.

METHODS

T
his randomized controlled tri-
al was registered in the Inter-
national Standard Randomized 

Controlled Trial Number registry (IS-
RCTN19694168) and was reported ac-
cording to the Consolidated Standards 
for Reporting Trials (CONSORT) state-
ment.27 The 8-week intervention took 
place from October to December 2019. 
The main investigator was blinded to 
group allocation until data collection was 
complete. Given the nature of the inter-
vention, it was impossible to blind the 
players, coaches, or physical therapists 
who provided the intervention program.

Participants
During May to June 2019, we invited all 
handball teams (n = 48 teams; age range 
of players, 16-18 years) within or close to 
Oslo, Norway to participate in our trial. 
To be included, each team had to have at 
least 12 players. Of the 48 invited teams, 
25 teams were eligible (11 male teams, 14 
female teams). A person not otherwise 
involved in the project randomly se-
lected 3 male and 3 female teams using 
opaque, sealed envelopes containing the 
name of each team. After the inclusion, 
coaches from 1 male and 1 female team 
reported that several players had quit af-
ter the team had agreed to participate in 
the study, which resulted in fewer than 
12 players on the team. These teams were 
excluded and were replaced by another 
male and female team, randomly selected 
as described (FIGURE 1).

There were 14 to 21 players on the in-
cluded teams. All players on the teams 
were eligible, irrespective of previous or 
current shoulder pain. The players re-
ceived verbal and written information 
and signed a written consent form. A 
statistician performed a computer-gen-
erated randomization of players into an 
intervention or a control group within 
each team. We chose within-team ran-

domization to ensure the intervention 
and control groups were balanced. The 
teams received the group assignment 
from the statistician on the first day of 
intervention. The study was approved 
by the South-Eastern Norway Regional 
Committee for Medical and Health Re-
search Ethics (2019/28912/REK sør-øst).

Intervention
The intervention group completed an 
8-week (3 times per week) progressive 
shoulder-strengthening program with 
AlfaCare fitness bands (AlfaCare AS, 
Notodden, Norway) after handball train-
ing. AlfaCare fitness bands are elastic 
bands with different resistance, repre-
sented by different colors. We used yellow 
(X-Light) to black (X-Hard).

Eight exercises were selected by the 

Delphi group.19 We prescribed pairs of 
1 single-plane exercise and 1 combined 
exercise for each training session, and 
changed the pair of exercises every sec-
ond week. Exercise pairs and order were 
determined a priori (APPENDIX A). Unilat-
eral exercises were conducted with the 
dominant (throwing) arm only.

Participants completed 3 sets of each 
exercise during every training session 
(total program time, 5-10 minutes). The 
level of resistance was defined by the tar-
get number of repetitions (8-repetition 
maximum with 2 repetitions in reserve 
[2RIR], corresponding to 8 on the re-
sistance exercise–specific rating of per-
ceived exertion scale).38 The players were 
instructed, on an individual basis, to se-
lect a resistance band according to this 
principle, and to increase the resistance 

Approached for recruitment, 
n = 48 teams

Eligible teams, n = 25 (11 
male, 14 female)

Random selection of teams, 
n = 6 (3 male, 3 female)

Teams not eligible, n = 23
• Too few players on the team, 

n = 1
• No team, n = 8
• No response, n = 13
• Declined to participate, n = 1

Excluded, n =  2
• Too few players on the team 

(1 female and 1 male )

Random selection of 1 
additional female 
team and 1 additional 
male team

Baseline isometric strength measurements. Randomized, n = 92

Intervention group, n = 45
• Normal training plus ER 

strength program 3 times 
per week for 8 wk

Postintervention isometric 
strength measurements, 
n = 43

Control group, n = 47
• Normal training

Postintervention isometric 
strength measurements, 
n = 46

Dropped out (quit 
handball), n = 1

Dropped out (quit 
handball), n = 2

FIGURE 1. Study flow chart showing the enrollment, randomization, and number of players included and tested at 
baseline and after 8 weeks of intervention. Abbreviation: ER, external rotation.
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Baseline Questionnaires
At baseline, we registered demograph-
ic data, hand dominance, years playing 
handball, shoulder problems in the pre-
vious year, and whether the players were 
playing with or without shoulder pain.

Weekly Questionnaires
A questionnaire was sent to the partici-
pants each Sunday during the interven-
tion period, 8 times in total, using online 
survey software (Briteback; Briteback 
AB, Norrköping, Sweden).

The players reported how many times 
they had completed the exercise program. 
The total number of times completed was 
divided by the number of respondents to 
calculate the weekly adherence to the 
program.

Players reported their exposure to 
handball training and matches and 
additional shoulder training. The total 
number of minutes completed was di-
vided by the number of respondents to 
calculate the weekly exposure in each 
group.

Prevalence of shoulder problems, 
other injuries, and illnesses was record-
ed using the OSTRC injury and illness 
questionnaire12 to monitor whether these 

handheld dynamometer (microFET; 
Hoggan Scientific, LLC, Salt Lake City, 
UT). The players were supine, with the 
shoulder abducted to 90° in the frontal 
plane and in neutral rotation. The ex-
aminer placed the dynamometer 2 cm 
proximal to the player’s ulnar styloid 
process, on the dorsal side of the wrist. 
The examiner’s medial hand was placed 
against the bench on the caudal side of 
the player’s elbow to restrict shoulder 
adduction during the test (FIGURE 2). Af-
ter standardized instruction on the test-
ing procedure and 1 familiarization trial, 
3 maximal isometric tests were conduct-
ed.35 The participants were asked to 
gradually build their force to maximum 
effort over a 2-second period and contin-
ue the maximal effort for 3 seconds. The 
best of 3 attempts was used for analysis. 
A detailed test protocol is presented in 
APPENDIX B.

We have previously assessed the reli-
ability of isometric shoulder tests (n = 30 
shoulders) in healthy handball players 
with a mean ± SD age of 17.4 ± 1.3 years. 
The intraclass correlation coefficient was 
0.94, standard error of measurement 
was 0.12 N/kg, and minimal detectable 
change was 0.33 N/kg.

if they were able to perform more than 
12 repetitions with 2RIR.

Prior to the trial, we pilot tested the ex-
ercise program with 1 handball team. The 
players felt that the strength program was 
inappropriate to perform before handball 
training, because muscle fatigue impaired 
their throwing precision. Research sup-
ports the players’ assertions.25 We decided 
to ask participants to complete the pro-
gram after handball training.

One physical therapist for each team 
received standardized instructions and 
training on the execution of the exercises 
prior to intervention. Once or twice per 
week, the physical therapist directed the 
program and monitored how well the ex-
ercises were performed. We also provided 
the players and coaches with online in-
structional videos. The control group was 
instructed to train as usual and refrain 
from any additional shoulder strength 
training during the trial period.

Outcome Measures
The primary outcome measure was the 
between-group difference in shoulder ER 
strength change, measured as isometric 
strength in Newtons per kilogram. The 
secondary outcomes were between-group 
differences in internal rotation (IR) 
strength and the ER/IR ratio from base-
line until postintervention. We forgot to 
prespecify IR strength and the ER/IR ra-
tio as outcome measures in the ISRCTN 
trial registration protocol, but we mea-
sured them as part of our trial.

Testing Procedures
All testing was conducted in the after-
noon in a physical therapy clinic. The 
players were instructed to refrain from 
training on the same day as they were 
tested. An experienced physical thera-
pist, familiar with the testing equipment 
and procedures, conducted all the test-
ing, assisted by another therapist. Prior 
to testing, the players performed a stan-
dardized warm-up consisting of multi-
planar shoulder movements.
Isometric Strength Testing  Maximal 
isometric ER was measured using a 

FIGURE 2. Glenohumeral isometric external rotation strength measurement in 90° of abduction, using a handheld 
dynamometer.
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posure to handball training, match play, 
and additional shoulder training was not 
different between groups (TABLE 3).

DISCUSSION

E
ight weeks of shoulder ER 
strength training had no effect (0.06 
N/kg; 95% CI: –0.01, 0.14) on shoul-

der ER strength in a cohort of adolescent 
handball players. The intervention had 
no effect on the secondary outcome vari-
ables. Our results contradict 2 previous 
studies.20,26 A different study design20 or 
higher strength gain potential in players 
with weaker muscles26 might explain the 
difference.

Exercise Selection
We worked with experts to design the 
training program,19 aiming to find the 
most effective exercises handball play-
ers would adhere to. It is possible that 
a different exercise program might have 
yielded different results. The 2 exercises 
with the highest efficacy scores (prone 
ER and prone plyometric ER in 90° of 
abduction) scored very low on adherence, 
and we did not include them in the final 
program. Isolated exercises with the up-
per arm supported may facilitate muscle 
recruitment and strength gains of the 
muscles in question.9,37 Although the sin-
gle-plane exercises in our study aimed to 
achieve isolated ER, there was no stabi-
lization, and compensatory movements 
could have happened.

Training Principles and Exercise Dosage
We aimed to follow the training prin-
ciples for strength training: specificity, 
intensity, progression, variation, and in-
dividualization. We used 6 sets per mus-
cle group during each training session, 
with an average of 2.5 training sessions 
per week, and aimed for high intensity (8 
repetitions with 2RIR). This is within the 
recommended dosage to obtain strength 
gains in the upper extremities. Partici-
pants had lengthy training experience 
(8.8 years) and were strong at the time of 
inclusion. At baseline, their ER isometric 

RESULTS

W
e enrolled 92 players (mean 
± SD age, 16.6 ± 0.7 years): 45 
players in the intervention group 

(24 male, 21 female) and 47 players in 
the control group (25 male, 22 female). 
The flow of participants is presented in 
FIGURE 1. There were no important dif-
ferences between the intervention and 
control groups in demographic data, 
handball experience, shoulder pain at 
baseline, shoulder pain during the pre-
vious year (TABLE 1), or baseline shoulder 
isometric strength (TABLE 2).

Outcomes
The estimated between-group difference 
in mean dominant-shoulder ER strength 
change from baseline to postintervention 
was 0.06 N/kg (95% CI: –0.01, 0.14) in 
favor of the intervention group. The in-
tervention had no effect on the secondary 
outcome variables (TABLE 2).

Response Rate, Adherence, and Exposure
The mean weekly response rate to the 
questionnaire was 95% in the interven-
tion group and 88% in the control group. 
On average, the shoulder strength pro-
gram was completed 2.5 times a week 
(range, 2.3-2.8). The average weekly ex-

factors influenced the players’ adherence 
to the program.

Data Analysis
The sample-size calculation was based on 
a previous study examining the effects of 
an elastic-band shoulder training pro-
gram on shoulder ER strength26 and on 
values from our reliability testing of ER 
using a handheld dynamometer. For a 
15% increase in ER strength from base-
line to the end of the study, the expected 
between-group difference was set at 0.30 
N/kg, with an SD of 0.34 N/kg. With a 
power of 90%, a significance level of .05, 
and a dropout rate of 15%, we needed 36 
players per group.

Analyses were based on the inten-
tion-to-treat principle, where all ran-
domized participants were included in 
the analyses according to their group 
assignment.

Repeated-measures, linear mixed-ef-
fect models with random intercepts were 
used to assess the between-group differ-
ences for each outcome variable. Time 
was defined as a categorical variable with 
2 levels (baseline and postintervention). 
Group (intervention and control), time, 
and the group-by-time interaction were 
fixed variables. Team and shoulder pain 
at baseline were defined as covariates.

TABLE 1 Baseline Characteristics of the Participantsa

aValues are mean ± SD unless otherwise indicated.
bMissing value, n = 1.

Intervention (n = 45) Control (n = 47)

Age, y 17 ± 0.7 17 ± 0.7

Height, cm 177 ± 19 177 ± 10

Body mass, kg 73 ± 11 71 ± 11

Hand dominance (right), n (%) 40 (89) 41 (87)

Handball experience, y 8.8 ± 2.2 8.5 ± 2.7

Sex (female), n (%) 21 (47) 22 (47)

Shoulder pain in the last year (yes), n (%) 11 (24) 18 (38)b

Shoulder status at baseline, n (%)

Playing without shoulder pain 36 (80) 42 (89)

Playing with shoulder pain 6 (13) 4 (9)

Not playing due to shoulder pain 0 (0) 0 (0)

Not playing due to other injury or illness 3 (7) 1 (2)
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training, it could increase the metabol-
ic stress and have a positive effect on 
strength improvement.

Elastic Bands as Resistance
When using elastic bands as resistance, 
it is difficult to quantify the precise resis-
tance. With increasing extension of the 
band, resistance increases; the moment 
arm changes through the range of motion 
and is highest when the band-to-arm an-
gle is 90°.24 We tried to control resistance 
in 3 ways. (1) We aimed for an angle of 
45° between the player’s forearm and the 
elastic band at end range. In this way, an 
increase in elastic-band resistance and a 
reduction of the moment arm occurred 
simultaneously toward the end range of 
motion. (2) The targeted resistance was 
tailored by aiming for 8 repetitions with 
2RIR to target muscle strength. (3) Play-
ers were instructed to increase resistance 
if they were able to do more than 12 rep-
etitions with 2RIR.

Strengths of Our Trial
A randomized controlled trial with single 
randomization within teams ensured that 

apists reported satisfactory performance 
and resistance progression through the 
2-week periods.

Timing of the Exercises
Based on feedback from athletes, we de-
signed a program that was completed 
after handball training. The timing of 
strength training might have impaired 
the effect of strength training—players 
who were already fatigued may have 
completed insufficient load for strength 
gains. However, strength improvement is 
dependent on both load magnitude and 
metabolic stress.34 If the players were 
fatigued when they started the strength 

strength values were comparable to ref-
erence values for adult handball play-
ers,13 and were greater than reported for 
adolescent players.20,29 The dose-response 
relationship for muscular strength devel-
opment is dependent on the population’s 
training status and experience.32 More 
advanced athletes need higher doses 
for strength gains. It is possible that our 
8-week intervention was too short to 
achieve an effect, although previous stud-
ies have reported strength gains after 6 
weeks.26 We changed the exercises every 
second week, which might be too short a 
period to ensure appropriate progression. 
However, the supervising physical ther-

	

TABLE 2
Isometric Shoulder Strength Measurements at Baseline and 

Postintervention, and Results of Repeated-Measures Mixed-Model 
Analyses of Outcomes Between the Intervention and Control Groups

Abbreviations: ER, external rotation; IR, internal rotation.
aValues are mean ± SD.
bValues in parentheses are 95% confidence interval.
cChange from baseline to postintervention.

Raw Dataa Point Estimatesb

Baseline Postintervention Baseline Postintervention

Measure/Side
Intervention 

(n = 45)
Control  
(n = 47)

Intervention 
(n = 43)

Control  
(n = 46) Intervention Control Intervention Control

Estimated Between-
Group Differencebc

ER strength, N/kg

Dominant 1.97 ± 0.33 1.95 ± 0.31 2.07 ± 0.38 1.98 ± 0.36 1.97 (1.88, 2.07) 1.95 (1.85, 2.05) 2.06 (1.96, 2.17) 1.98 (1.88, 2.08) 0.06 (–0.01, 0.14)

Nondominant 1.96 ± 0.36 1.97 ± 0.40 2.00 ± 0.39 1.99 ± 0.39 1.96 (1.84, 2.07) 1.97 (1.86, 2.08) 1.98 (1.87, 2.10) 1.99 (1.97, 2.10) 0.01 (–0.07, 0.08)

IR strength, N/kg

Dominant 2.19 ± 0.42 2.22 ± 0.41 2.18 ± 0.51 2.18 ± 0.46 2.19 (2.06, 2.33) 2.22 (2.09, 2.35) 2.17 (2.04, 2.30) 2.18 (2.05, 2.31) 0.02 (–0.08, 0.13)

Nondominant 2.16 ± 0.42 2.10 ± 0.42 2.13 ± 0.46 2.13 ± 0.48 2.15 (2.02, 2.29) 2.10 (1.97, 2.23) 2.12 (1.99, 2.26) 2.12 (1.97, 2.25) –0.05 (–0.14, 0.04)

ER/IR ratio

Dominant 0.91 ± 0.12 0.89 ± 0.12 0.97 ± 0.17 0.92 ± 0.15 0.91 (0.87, 0.95) 0.89 (0.85, 0.93) 0.97 (0.93, 1.02) 0.93 (0.89, 0.97) 0.03 (–0.02, 0.08)

Nondominant 0.92 ± 0.12 0.95 ± 0.13 0.95 ± 0.12 0.95 ± 0.14 0.92 (0.88, 0.96) 0.95 (0.91, 0.98) 0.94 (0.90, 0.98) 0.95 (0.91, 0.99) 0.02 (–0.03, 0.07)

TABLE 3

Weekly Exposure to Handball  
Training, Match Play, and Additional 

Shoulder Training in the Intervention  
and Control Groupsa

aValues are mean ± SD minutes.

Activity Type Intervention Control

Handball training 251 ± 10 262 ± 17

Match play 37 ± 12 35 ± 11

Additional shoulder training 22 ± 2 24 ± 2
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the intervention and control groups were 
as equal as possible. Our experience is that 
different teams often have very different 
training regimens and match schedules. 
Therefore, within-team randomization 
was chosen. We used a Delphi consen-
sus method to find the most effective ER 
strength exercises handball players would 
adhere to. We provided a detailed de-
scription of the exercises, in both written 
and video formats, and a physical thera-
pist was present with each team once or 
twice a week to instruct and supervise the 
players. An experienced physical therapist 
conducted all the manual tests, which had 
good to excellent test-retest reliability in a 
pilot study. The measurement error of our 
manual muscle testing was comparable 
to isokinetic shoulder measurements.16,23 
There were no between-group differenc-
es in weekly training and match exposure 
during the intervention, the dropout rate 
was 3%, and the adherence to the pro-
gram was 83%.

We included both healthy players 
and players with current or a history of 
shoulder pain, because a majority of play-
ers with chronic shoulder pain continue 
playing handball despite their pain.4,7 
Only 11% of the players had shoulder pain 
at baseline, and outcomes were similar 
between those with and without shoulder 
pain at baseline. We included adolescent 
players (16-18 years of age) because the 
prevalence of shoulder pain is compara-
ble between adolescents and adults1,2,7,30 
and because ER weakness is a risk factor; 
targeting this factor at a young age could 
prevent future shoulder problems.

Limitations
Lack of blinding to group assignment 
is a limitation, but given the nature of 
the intervention, blinding was impos-
sible. There is a possibility of contam-
ination with simple randomization 
within teams. Every attempt was made 
to decrease contamination between the 
treatment and control groups by su-
pervising the treatment group during 
their exercise intervention, without the 
control group present. Additionally, the 

players in the control group did not re-
port doing any part of the intervention 
exercises, and the exposure to addition-
al shoulder training was similar in the 2 
groups. However, we cannot guarantee 
that contamination did not occur in the 
control group. During our long expe-
rience working with handball players, 
as physical therapists and coaches, we 
have experienced that handball players 
mainly want to play handball, not to 
do additional training like strength or 
preventive training. The risk of low ad-
herence is probably higher than the risk 
of contamination or the confounding 
effect. The players were well instruct-
ed on progression of the exercises, but 
the progression was not recorded. Our 
results in adolescent handball players 
cannot be generalized to adults, but, to 
our knowledge, no difference in response 
to strength training between adolescents 
and young adults has been reported.

Because throwing is a plyometric ac-
tion with high angular velocities, isoki-
netic measurements, particularly at high 
angular velocities, and eccentric contrac-
tions might be more valid than isometric 
measurements. However, measurement 
error is higher when testing at higher 
angular velocities and during eccentric 
contractions than at slow concentric 
contractions,16,23 and also higher than 
our measurement error when testing 
isometric strength with a handheld dy-
namometer. Additionally, we chose iso-
metric strength testing because it can be 
carried out in the field without expensive 
equipment.

We described the exercises in terms of 
load magnitude, number of repetitions 
and sets, training sessions per week, and 
training period. However, describing 
contraction modes per repetition, time 
under tension for each repetition, and 
rest between sets and between sessions 
is also recommended to define the ex-
ercise dosage.36 Longer time under ten-
sion can increase myofibrillar protein 
synthesis after a single bout of strength 
training,10 and is therefore an import-
ant determinant of strength training. 

Rest periods of 2 to 5 minutes between 
sets have been recommended to improve 
maximal strength.3,14,22 To complete the 
strength training program within 10 min-
utes, participants had rest periods of less 
than 90 seconds. This could have reduced 
the training effect of our intervention. An 
adaptive effect of strength training is de-
pendent on a balance between degenera-
tive and regenerative processes. If there 
is insufficient time for recovery between 
training sessions, degenerative processes 
will dominate and muscle mass will be 
lost.36 We did not have control over the 
duration of rest between sessions.

Although we had high self-reported 
adherence to the program, previous stud-
ies have shown that self-reported adher-
ence to exercises is overestimated.33 We 
assumed that having a physical therapist 
present with each team 1 to 2 times per 
week, combined with high reported ad-
herence, would contribute to high perfor-
mance quality of the exercises. However, 
the physical therapists reported that on 
average about two thirds of the interven-
tion group was present during the super-
vised training sessions. We therefore do 
not know the quality of one third of the 
training sessions.

The listed limitations reflect that, 
although the study was performed in a 
controlled setting, this was not a strict 
efficacy study that would have been able 
to determine whether the intervention 
would produce the expected results un-
der ideal conditions. It seems difficult to 
achieve an adaptive response, that is, a 
strength gain, in already strong players 
within a time frame of 5 to 10 minutes. To 
achieve a strength gain, one may need to 
conduct the strength training as separate 
training sessions, with better control of 
the loads and progression, higher dosag-
es, and longer rest periods between trials 
than those in our trial.

CONCLUSION

W
hen an elastic-band strength-
ening program of 2 exercises for 
shoulder external rotators, per-

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t N

or
ge

s 
Id

re
tts

ho
eg

sk
ol

e 
on

 M
ay

 2
5,

 2
02

1.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
 C

op
yr

ig
ht

 ©
 2

02
1 

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
. A

ll 
ri

gh
ts

 r
es

er
ve

d.



180  |  april 2021  |  volume 51  |  number 4  |  journal of orthopaedic & sports physical therapy

[ research report ]
formed 3 times per week for 8 weeks in 
handball players, was compared to a non-
treatment control group, there were no 
differences in isometric strength. t

KEY POINTS
FINDINGS: Eight weeks of a short shoulder 
external rotation (ER) strength program, 
conducted after handball training, had 
no effect on shoulder ER strength among 
adolescent handball players.
IMPLICATIONS: To achieve a strength gain, 
one may need to conduct the strength 
training as separate training sessions, 
with better control of the loads and  
progressions, higher doses, and longer 
rest periods between sets than those  
in our study.
CAUTION: This was not an efficacy study, 
because we did not have full control over 
load and progression. There was a possi-
ble risk of contamination across groups, 
due to within-team randomization and 
not blinding players to group allocation. 
Our results among already strong ado-
lescent handball players cannot be gen-
eralized to adults or to players with ER 
weakness.
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SHOULDER EXTERNAL ROTATION STRENGTH EXERCISES FOR HANDBALL PLAYERS

Two shoulder external rotation exercises are performed after regular handball training 3 times per week.

The 2 exercises are changed every other week.

The following applies to all exercises:
•	 3 sets of each exercise
•	 In the starting position, the elastic band is stretched to minimal resistance
•	� The goal is to use the resistance at which the player is able to perform 8 repetitions with 2 repetitions in reserve (2RIR). The exercises are meant to 

be heavy
•	 If the player is able to perform more than 12 repetitions with 2RIR, increase the resistance

The resistance is increased by:
•	 Using a stronger elastic band (different color)
•	 Making the elastic band shorter by wrapping it around the hand

There should be no shoulder pain during the exercises, but the muscles are supposed to be tired. The player might also experience muscle soreness 
afterward due to the strength training.

External rotation in 90° of abduction in a 3-point kneeling position (knees straight below hips, supporting hand straight below shoulder), with the shoul-
der abducted to 90° and the elbow flexed to 90°. The elastic band is anchored by the partner’s foot, midway between the player’s knee and ankle (same 
side as dominant arm). Start in full internal rotation (panel A) while the shoulder blade is kept slightly retracted. Rotate through full range of motion, 
from full internal rotation (panel A) to full external rotation (panel B).
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Combined exercise: external rotation with horizontal abduction and elevation (W-Y exercise) in standing. The player and partner are facing each other 
and the player’s feet are in a throwing position. The distance between the player’s and the partner’s toes is 2 ft (panel A). The player grasps both ends 
of the elastic band, while the partner anchors the midpoint of the band at the same level as the player’s knees. Start with the shoulders in 90° of ab-
duction and full internal rotation, with the shoulder blades slightly retracted and the elbows in 90° of flexion (panel A). Rotate through the full range of 
motion (W; panel B) and extend the elbows to a Y position (panel C).

Full rotation in 90° of abduction in a 3-point kneeling position (knees straight below hips, supporting hand straight below shoulder), with the shoulder 
abducted to 90° and the elbow flexed to 90°. One end of the elastic band is anchored with a loop around the player’s foot (same side as dominant arm) 
and the other end is held by a partner in front of the player, in the same direction as the player’s forearm when the shoulder is in maximum external 
rotation (panel B). The distance from the player’s supporting hand to the partner’s toes is 4 ft (panel A). Start in full internal rotation (panel A), keeping 
the shoulder blade slightly retracted. Rotate through full range of motion, from full internal rotation (panel A) to full external rotation (panel B).
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Combined exercise: external rotation with hip extension while lying prone on a Swiss ball. The player is in a kneeling position, with the trunk on a Swiss 
ball and the feet against a wall. The elastic band is anchored by the partner’s feet beside the player’s knees. Start with the shoulders in 90° of abduc-
tion and full internal rotation, with the shoulder blades slightly retracted and the elbows in 90° of flexion (panel A). Push out (extend hips and knees) 
while moving into full external rotation (panel B).

External rotation in 90° of abduction in a bent-over squat position. Reprinted with permission from Fredriksen et al.19 The player and partner are facing 
each other. The distance between the player’s and partner’s toes is 1 ft. The player is standing in a bent-over squat position, with parallel feet and the 
upper body inclined 45° (panel A). Start with the shoulders in 90° of abduction and in full internal rotation (panel A), with the shoulder blade slightly 
retracted. Rotate through full range of motion, from full internal rotation (panel A) to full external rotation (panel B).
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Reverse-catch plyometric exercise. The player is in a half-kneeling position with the nondominant leg in front (panel A). From behind the player, a part-
ner throws a plyoball toward the player, who catches the ball in the 90°/90° position, decelerates the ball, and then rapidly throws the ball back, main-
taining the arm in the 90°/90° position (panels A through C).

Standing external rotation in 90° of abduction. The player and partner are facing each other and the player’s feet are in a throwing position. The dis-
tance between the player’s and partner’s toes is 2 ft (panel A). The player grasps both ends of the elastic band, while the partner anchors the midpoint 
of the band at the same level as the player’s knees. Start with the shoulders in 90° of abduction and full internal rotation, with the shoulder blades 
slightly retracted and the elbows in 90° of flexion (panel A). Rotate through the full range of motion (panel B).
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Combined exercise: external rotation in 90° of abduction, with horizontal abduction and trunk rotation in a push-up position. The player is in a push-up 
position with the hands shoulder-width apart. The elastic band is attached under the partner’s foot, lateral to the player’s dominant arm, at the same 
distance as between the player’s hands (panel A). The player lifts the elbow (panel B), rotates the shoulder externally through full range of motion (pan-
el C), pulls the arm backward as in throwing (the hand is leading the movement), and rotates the trunk (panel D).
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ISOMETRIC ROTATIONAL STRENGTH TESTING

Materials: standard examination table, handheld dynamometer, towel.
Standardized warm-up procedure: Ten repetitions of full-range-of-motion flexion, abduction, and circumduction, all performed at a smooth but rather 
quick velocity, and 10 repetitions of push-ups against the wall.

The player is positioned supine on the examination table, with the shoulder abducted 90° and the elbow flexed to 90°. The olecranon process should be 
at the side of the table. If necessary, place a towel underneath the distal humerus. It should be folded sufficiently to ensure frontal plane alignment of 
the upper arm. The arm not being tested rests on the belly.

The rater is standing in the opposite direction of the movement tested, holding the dynamometer with the lateral hand, while the medial hand stabilizes 
the player’s humerus by pressing the fist against the examination table on the medial side of the humerus.

The rater passively moves the player’s arm in internal and external rotation before starting the examination, limiting the movement only to the gleno-
humeral joint, and gives a standardized verbal instruction: “I am going to test the strength of your shoulder’s internal and external rotation. You should 
move your arm only in the direction shown. Your upper arm is not supposed to move. Your upper body should stay in contact with the examination table 
without moving. You will have 1 familiarization trial, followed by 3 maximal trials. Increase the pressure against the dynamometer gradually when I tell 
you to and press with all your strength for 3 seconds, on my count.”

The dynamometer is placed 2 cm proximal to the styloid process of the ulna on the dorsal (external rotation strength measurement) and on the ventral 
(internal rotation strength measurement) forearm.

Instruct the player to apply and hold maximal pressure for 3 seconds by saying, “Let me know if you experience any pain during the test. Are you ready? 
Increase the pressure. Press maximum, 1, 2, 3, stop.”

Perform 3 repetitions of 3 seconds of maximal voluntary effort using a make test (gradually increasing resistance up to maximum, without breaking the 
player’s contraction) and calculate the mean. Internal rotation strength is measured before external rotation strength.
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