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Abstract 

Background: The risk of injury in adolescent handball is high, and shoulder and knee injuries are among the most 
frequent and burdensome. The Swedish Knee Control programme reduced the risk of anterior cruciate ligament inju-
ries in female youth football players and traumatic knee injuries in male and female youth floorball players. However, 
to date, Knee Control has not been evaluated in an elite youth sport setting. The literature on the prevention of shoul-
der injuries in sport is scarce, and there are to our knowledge no previous studies evaluating the preventative efficacy 
of injury prevention exercise programmes (IPEPs) on shoulder injuries in adolescent handball players.

Objectives: To study the preventive efficacy of IPEPs on shoulder and knee injuries in adolescent elite handball 
players.

Methods: Eighteen Swedish handball-profiled secondary schools (clusters) with players aged 15–19 years, 54% 
males were randomised into either the Shoulder Group or Knee Group (interventions) or a Control Group. Players in 
the Shoulder Group were instructed to perform the Shoulder Control programme, and  players in the Knee Group to 
perform the Knee Control programme, three times per week during May 2018 to May 2019. Control Group players con-
tinued their usual training. Outcomes were shoulder and knee injuries defined by the Oslo Sports Trauma Research 
Center Overuse Injury Questionnaire. Intention-to-treat analyses were performed using Cox regression models with 
hazard rate ratios (HRRs) with corresponding 95% confidence intervals (CI).

Results: Six clusters (199 players) in the Shoulder Group, six clusters (216 players) in the Knee Group and six clusters 
(212 players) in the Control Group were included. There were 100 shoulder injuries and 156 knee injuries. The Shoul-
der Group had a 56% lower shoulder injury rate, HRR 0.44 (95% CI 0.29 to 0.68), and the Knee Group had a 31% lower 
knee injury rate, HRR 0.69 (95% CI 0.49 to 0.97) than the Control Group. The absolute risk reduction was 11% and 8%, 
and the number needed to treat was 9 and 13, respectively.
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Background
The risk of injury in handball is high, and adolescent 
players have reported injury rates of 8.3 to 40.7 injuries 
per 1000 match hours and 0.6 to 3.7 injuries per 1,000 
training hours [1–4]. Shoulder and knee injuries are 
among the most frequent and burdensome [1–6].

Injury prevention exercise programmes (IPEP) 
reduce the risk of sport injuries when used regularly, 
specifically acute knee ligament injures [7, 8]. The 
Swedish Knee Control programme (Knee Control) was 
developed in 2005 (Knäkontroll, SISU Idrottsböcker©, 
Sweden, 2005) and is a warm-up programme that 
focuses on lower limb and trunk strength, neuromus-
cular control, balance and jumping/landing technique. 
Knee Control contains six principal exercises: one-
legged knee squat, pelvic lift, two-legged knee squat, 
the bench, the lunge and jumping/landing technique. 
Each exercise consists of four levels of difficulty with 
one additional partner exercise. Knee Control reduced 
the risk of anterior cruciate ligament (ACL) injuries by 
64% in female youth football players and acute lower 
limb injuries by 45% in male and female youth floor-
ball players [9, 10]. To date, Knee Control has not been 
evaluated in an elite youth sport setting. The literature 
on the prevention of upper limb sport injuries, and 
especially gradual onset (overuse) injuries, is scarce. A 
previous randomised controlled trial (RCT) on hand-
ball players showed a reduction of shoulder problems 
by 28% in male and female adult elite players, but no 
significant risk  reduction when only including players 
without shoulder problems at baseline [11].

The objective of this cluster RCT was to investigate 
if a strengthening and throwing training programme 
for the shoulder (Shoulder Control), and a lower limb 

strength and neuromuscular control programme (Knee 
Control), reduce the rates of shoulder and knee injuries, 
respectively, in adolescent elite handball players. The 
hypotheses were that the Shoulder Control programme 
would reduce the shoulder injury rate, and that the 
Knee Control programme would reduce the knee injury 
rate.

Methods
Trial Design and Setting
This was a three-armed cluster RCT designed and 
reported in accordance with the CONSORT framework 
[12]. The trial was registered in the International Stand-
ard Randomised Controlled Trial Number (ISRCTN) reg-
istry in April 2018 prior to trial start (ISRCTN15946352), 
https:// doi. org/ 10. 1186/ ISRCT N1594 6352. The trial was 
performed in a handball-profiled school setting, and the 
study population was followed for a calendar year (May 
2018 to May 2019). A cluster design was chosen to mini-
mise the risk of between-group contamination. A cluster 
was defined as all male and female players enrolled at the 
same handball-profiled school.

Eligibility and Recruitment
Eligible for this trial were Swedish handball-profiled sec-
ondary schools with students aged 14 to 19 years that met 
the following three criteria: (1) a capacity for ≥ 30 hand-
ball-profiled students, (2) an even or near even enrol-
ment of male and female players and (3) classified by the 
Swedish Handball Federation (SHF) as being at the high-
est elite level. After assessment for eligibility, the eligible 
schools were informed about the upcoming trial by the 
SHF by emails. The research leader (MA) then contacted 

Conclusions: Adolescent elite handball players who performed the Shoulder Control and the Knee Control pro-
grammes had a lower risk of shoulder and knee injuries, respectively, than players who continued their usual training. 
Further research on how these two programmes can be combined to reduce knee and shoulder injuries in a time 
effective way is warranted.

Trial registration ISRCTN15946352.

Key points

• The burden of knee and shoulder injuries in handball is high.
• The Shoulder Control programme reduces the risk and overall burden of shoulder injuries in adolescent elite 

handball players.
• The Knee Control programme reduces the risk and overall burden of knee injuries in adolescent elite handball 

players.
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the head coach of the schools over telephone to provide 
additional information and answer any questions.

Inclusion criteria at the player level were: (1) age 14 to 
19  years and enrolled or accepted for enrolment at one 
of the eligible schools, (2) scored < 40 points at baseline 
on the Oslo Sports Trauma Research Center Overuse 
Injury Questionnaire (OSTRC-O) [13] regarding shoul-
der or knee problems in the preceding seven days (range 
0–100 points) and (3) reported no shoulder or knee sur-
gery in the preceding six months. Inclusion criteria 2 was 
to ensure that the participants did not have the primary 
outcome already at study start.

Randomisation and Allocation of Concealment
Schools were randomised into one of three groups: 
Shoulder Group, Knee Group or Control Group. An 
independent research assistant performed the randomi-
sation and prepared sealed envelopes with the sequence 
generation. The randomisation procedure was stratified 
by the number of players enrolled at each school: < 48 
players (six schools), 48 to 66 players (nine schools) 
and > 66 players (three schools). Each school identifica-
tion number was noted on an envelope that was divided 
into three strata specific piles. Three urns with three, six 
and nine folded cards, respectively, with the numbers 1, 
2 or 3 indicating the arm, were prepared. To generate the 
random allocation sequence, one folded card at the time 
was taken from each stratum and put in the numbered 
envelope in each pile. The random allocation sequence 
was concealed from schools until all baseline data had 
been collected, and only the research leader knew the 
randomisation outcome. Due to the nature of the inter-
vention, schools and players were not blinded to group 
allocation after the randomisation code was revealed.

Baseline Data Collection
The research leader visited all included schools, explained 
the different steps of the trial and provided written infor-
mation for the players (the same for all three groups).

At baseline, after receiving written  informed consent 
to participate from the players (and legal guardians when 
needed) but before revealing the group allocation, play-
ers answered a questionnaire in paper format including 
questions on demographics, handball experience, partici-
pation in other sports, playing level, injury history and 
the OSTRC-O.

Interventions
Shoulder Control
The Shoulder Control programme focuses on shoul-
der and trunk strength and control, trunk mobility and 
handball throwing load (velocity and frequency). It con-
sists of five principal exercises that each has four levels 

of difficulty and an additional partner exercise. It also 
includes a throwing programme to be performed during 
the off-season and pre-season (June to August) consist-
ing of four steps of progression in throwing velocity and 
number of throws. The players were instructed to start 
at level A and after one week progress to the next level, 
and so on until reaching the highest level–D (Additional 
file  1). Exercises in the Shoulder Control programme 
were based on previous studies on risk factors for shoul-
der injuries in handball players, where the most consist-
ent risk factor is pre-season shoulder weakness [14–19] 
and were also inspired by previous exercise resources 
for handball (Knä- och Axelkontroll–Prestera bättre, 
SISU Idrottsböcker©, Sweden, 2007). Prior to trial start, 
a round table discussion with participants from the 
research group, handball coaches and experienced clini-
cians working in handball detailed the components and 
progressions of the programme. We aimed for exercises 
that were easy to perform on the handball court and easy 
to understand and progress for the coaches and players. 
The programme takes 10 to 15  min to perform and is 
meant to be used as a warm-up prior to handball training 
or match during the handball season. During the off-sea-
son, the programme is meant to serve as a strengthening 
programme. For more detailed information about Shoul-
der Control, see Additional file 1.

Knee Control
The Knee Control intervention was based largely on the 
original programme (Knäkontroll, SISU Idrottsböcker©, 
Sweden, 2005), but for this trial minor modifications 
were made to fit a handball setting (Additional file 2).

Intervention Implementation
The research leader held workshops for coaches and play-
ers at all intervention group schools at baseline (April 23 
to May 31) and instructed the intervention programmes. 
Players and coaches were also provided with leaflets and 
videos describing all exercises and were instructed to 
start using the programmes directly after the workshops. 
The few players who could not attend the live workshop 
could review the recorded content online afterwards. 
Coaches were responsible for carrying out the interven-
tion with their players during the school semesters. The 
players were responsible for carrying out the intervention 
as prescribed during the school breaks (on average seven-
teen calendar weeks).

Players were instructed to start the intervention pro-
gramme at a difficulty level where they could perform 
the exercises with good quality, but still that the exercises 
were challenging. During the workshop, the players in 
the intervention group were instructed how to perform 
all exercises and the research leader helped the players 
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identify an appropriate level where the exercise was per-
formed with good quality, but still challenging. Players 
were instructed to progress to the next level when the 
exercise was not challenging anymore, e.g. if the push 
plus on the knees was effortless, they progressed to per-
forming it on the toes. Intervention group players were 
instructed to perform the programme at least three times 
per week with three sets of 15–30 s per exercise during 
the off-season and pre-season (June to August 2018), and 
at least three times per week with two sets of 15–30  s 
per exercise during the handball season  (September to 
May). The different length of the exercises (15–30 s) was 
suggested by coaches and clinicians and was used so 
that the players could use the same exercise regardless 
if it was used as a strengthening exercise during the off-
season and pre-season period or as a warm-up exercise 
during the handball season. The players were instructed 
to perform the exercises with a pace of 1–2  s from the 
starting position of the exercise to the end position, e.g. 
for resisted external rotation in 90–90 position, 1 s con-
centric and 1 s eccentric, and trunk rotation in push up 
position, 2 s from starting position to end position (Addi-
tional file 1).

Control Group
The Control Group was instructed to train and play as 
usual and received no trial intervention. Coaches and 
players received information that if the programmes 
were efficacious, all schools were to be given instructions 
about both intervention programmes after the trial.

Follow‑Up
Follow-up data were collected from May 2018 to May 
2019. Players were monitored during the follow-up 
period with weekly surveys including the OSTRC-O 
and additional questions on handball exposure (match 
and training hours), handball injuries and the amount of 
strength and conditioning training including both school 
and club trainings. Compliance to the programmes was 
measured via the weekly surveys by asking the play-
ers “How many times during the previous week have 
you completed the Knee Control programme” and “How 
many times during the previous week have you com-
pleted the Shoulder Control programme”, respectively. 
The surveys were administrated every Sunday at 6  p.m. 
in three ways: via an application (Briteback AB, version 
2.0.7, Linköping, Sweden), via a short message service 
(SMS) and via email. Non-responders received a daily 
reminder via application notification, SMS and email for 
three days (Monday to Wednesday). On the Thursday, a 
research assistant phoned non-responders and took sur-
vey answers via telephone. When an injury with a sudden 
onset was reported, a clinician from the research group 

contacted the player via telephone to collect informa-
tion about the injury using a standard injury report form 
(Additional file 3). The research assistants and clinicians 
were all blinded to group allocation. At the end of the 
trial in May 2019, the head coaches at the schools of the 
intervention groups reported how many organised hand-
ball training sessions per week they had performed dur-
ing the trial period and how many times per week they 
performed the Shoulder Control or Knee Control pro-
grammes through an online survey.

Injury Definitions and Outcome Measures
The outcomes were measured with the OSTRC-O [13]. 
The primary outcome “injury” was defined as reporting a 
score of 40 or more for the composite score of 0–100, as 
in other recent studies on handball players investigating 
risk factors for shoulder injuries [15, 19]. The composite 
score based on the OSTRC-O was chosen since it also 
captures pain. Another commonly used outcome based 
on the same questionnaire is “any shoulder problems” 
or “substantial shoulder problems” [6, 11, 13, 17], which 
were secondary outcomes in this study. The latter is 
based on the specific answers to questions about reduc-
tions in sports participation or performance only. All 
definitions and outcome measures are presented in Box 1

Sample Size
We calculated the sample size based on the primary out-
come and estimated that 18% of the players in the Con-
trol Group would report at least one shoulder injury and 
25% at least one knee injury [20] during the season, and a 
50% reduction in injury rates in each intervention group 
versus the Control Group [9, 10]. With adjustment for 
potential cluster effect, the required sample was a mini-
mum of five clusters with on average 45 players in each of 
the three trial arms (total n = 675) to provide a minimum 
of 80% power (α = 0.05). Based on a previous study in this 
setting [20], we accounted for an estimated player drop-
out rate of 5% and, therefore, we aimed to recruit at least 
15 schools with approximately 710 players.

Statistical Methods
Data were analysed according to the intention to treat 
principle. To compare the groups, Kaplan–Meier esti-
mates were calculated, and hazard rate ratios (HRRs) 
with corresponding 95% confidence intervals (CI) were 
calculated for each outcome using Cox regression mod-
els (accounting for potential cluster effect). To evaluate 
the degree of within cluster dependence, we calculated 
the intraclass correlation coefficient (ICC) at baseline 
for cluster and training time using ANOVA adopted for 
ICC analysis. The significance level was set to p < 0.05. 
Time at risk was the number of hours of handball 
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matches/training on the handball court between base-
line and either the first shoulder or knee injury, respec-
tively, or until censored or end of the study period. 
Players who quit the trial or reported a knee or shoul-
der injury, respectively, were censored for this spe-
cific injury outcome. Since time at risk was based on 
the number of hours exposed to handball, not on cal-
endar time, players who reported other reasons for 
not fully participating in handball (e.g. school breaks, 
other school commitments, other injuries or illnesses) 
were not censored. No imputation of missing weekly 
reports was made. Absolute risk reduction (ARR) was 
calculated as the difference in cumulative injury risk 
for the whole follow-up time between the interven-
tion groups and the Control Group. Number needed 
to treat (NNT) was calculated as the inverse of ARR. 
Weekly prevalence of any or substantial shoulder and 
knee problems was calculated as the number of play-
ers who reported any and substantial shoulder or knee 
problems, respectively, with the OSTRC-O in each 
group divided by the total number of player reports in 
the group each week. Number of weeks with shoulder 
and knee  injury was calculated  for each group.  Nine 
players who did not respond to any weekly reports and 
therefore did not provide any exposure time or injury 
data were not included in the Cox regression analyses. 
All analyses were performed in R version 4.01 (R Core 
Team 2020,. R: A language and environment for statis-
tical computing, R Foundation for Statistical Comput-
ing, Vienna, Austria) and the package “survival”. The 
statistician (HK) performing the analyses was blinded 
to group allocation.

Patient and Public Involvement
The SHF was consulted in the planning and preparation 
of this study. Their involvement included inputs on the 
study plan and recruitment of participants. Handball 
coaches and experienced clinicians working in handball 
gave their inputs on the components and progression 
of the Shoulder Control programme. None of the above 
had any influence on the analyses, interpretation of the 
results or manuscript preparation.

Results
Of the 36 handball-profiled schools in Sweden, 18 
schools were eligible. All eligible schools (clusters) 
and 709 out of 802 eligible players (88%) from those 18 
schools consented to participate in the trial and were 
randomised (Fig. 1). There were six schools in each group 
and no school dropped out during the trial, but 45 play-
ers from 16 schools dropped out: 14 players in the Shoul-
der Group (6%), 14 players  in the Knee Group (6%) and 
17 players in the Control Group (8%). The main reason in 
all groups was quitting the handball-profiled school.

Baseline characteristics of the players are presented 
in Table  1. A total of 24,517 weekly reports, including 
11,194 handball match hours, 83,923 handball train-
ing hours and 88,015 strength and conditioning training 
hours, were registered with an average weekly response 
rate of 69% in the Shoulder Group, 71% in the Knee 
Group and 68% in the Control Group.

Handball match and training time and injuries during 
the follow-up period are presented in Additional file 4.

Primary Outcomes
Shoulder Injury Rate
There were 100 new shoulder injuries, 21 in the Shoul-
der Group (82  weeks reported with injury), 33 in the 

Box 1 Outcome measures and injury definitions

OSTRC-O Oslo Sports Trauma Research Center Overuse Injury Questionnaire

Primary outcomes
• Shoulder and knee injury—Reporting a score of ≥ 40 points for shoulder or knee problems with the OSTRC-O. The responses to each of the four ques-
tions in the OSTRC-O are given a value from 0 to 25, where 0 equals no problems and 25 equals the maximum level for each question

• Injury rate—the number of first-time shoulder or knee injury events during the study follow-up per 1,000 h of handball play

Secondary outcomes
• Time-loss shoulder and knee injury—Reporting at least reduced participation or inability to participate due to a shoulder or knee problem with the 
OSTRC-O

 Substantial shoulder and knee problems—Reporting at least a moderate reduction in training volume or performance due to a shoulder or knee 
problem with the OSTRC-O

• Any shoulder and knee problem—Reporting anything but “full participation without any shoulder/knee problem” with the OSTRC-O
• Weekly prevalence of substantial shoulder and knee problems—The number of players who reported a substantial shoulder or knee problem with the 
OSTRC-O in each group divided by the total number of player reports in the group each week

• Weekly prevalence of any shoulder and knee problems—The number of players who reported any shoulder or knee problem with the OSTRC-O in each 
group divided by the total number of player reports in the group each week

Definitions
• Acute injury—Injury with a sudden onset
• Gradual onset injury—Injury not reported as having an acute onset
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Knee Group (198  weeks reported with injury) and 46 
in the Control Group (191  weeks reported with injury). 
This corresponded to an injury rate of 0.8 (95% CI 0.5 to 
1.2) per 1,000 handball hours in the Shoulder Group, 1.3 
(95% CI 0.9 to 1.8) in the Knee Group and 1.8 (95% CI 1.3 
to 2.4) in the Control Group. The Shoulder Group had a 

56% lower shoulder injury rate than the Control Group, 
HRR 0.44 (95% CI 0.29 to 0.68). Kaplan–Meier estimates 
for shoulder injuries are presented in Fig.  2. The ARR 
between the Shoulder Group and Control Group was 
11% (95% CI 4 to 18), and the NNT was 9 (95% CI 24 

Fig. 1 Flow chart describing the clusters (schools) and study population
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to 6). The relative rates of shoulder injuries between the 
three groups are presented in Table 2.

Knee Injury Rate
There were 156 new knee injuries, 44 in the Knee Group 
(202  weeks with injury), 53 in the Shoulder Group 
(337  weeks with injury) and 59 in the Control Group 
(380 weeks with injury). This corresponded to an injury 
rate of 1.7 (95% CI 1.3 to 2.3) per 1,000 handball hours in 
the Knee Group, 2.3 (95% CI 1.7 to 3.0) in the Shoulder 
Group and 2.5 (95% CI 1.9 to 3.2) in the Control Group. 
The Knee Group had a 31% lower knee injury rate than 
the Control Group, HRR 0.69 (95% CI 0.49 to 0.97). 

Kaplan–Meier estimates for knee injuries are presented 
in Fig.  2. The ARR between the Knee Group and Con-
trol Group was 8% (95% CI -1 to 16), and the NNT was 
13 (95% CI -162 to 6). The relative rates of knee injuries 
between the three groups are presented in Table 2.

Secondary outcomes
Shoulder and Knee Time‑Loss Injuries
Compared with the Control Group, players in the 
Shoulder Group had a 56% lower rate of time-loss 
shoulder injury, a 49% lower rate of substantial shoul-
der problems and a 51% lower rate of any shoulder 
problems (Table 2). Compared with the Control Group, 

Table 1 Baseline characteristics

SD standard deviation
* Players who had participated in a youth national team camp or tournament during the previous season
† Players who had experienced shoulder or knee pain respectively during handball at some point during the career

Shoulder Group
(n = 201)

Knee Group
(n = 218)

Control Group
(n = 217)

Age, years (SD) 16.5 (0.9) 16.5 (0.9) 16.5 (0.9)

Sex, number of male players, (%) 120 (60) 111 (51) 116 (53)

Mean handball experience, years (SD) 9.5 (2.0) 9.1 (2.3) 9.3 (2.1)

Performing specific neuromuscular training exercises for the 
knee on a regular basis previous season, n (%)

108 (54) 141 (65) 134 (62)

Performing specific shoulder strengthening exercises on a 
regular basis previous season, n (%)

82 (41) 71 (33) 77 (36)

Playing at national level, n (%)* 27 (13) 64 (29) 73 (34)

History of shoulder pain, n (%)† 97 (48) 103 (47) 112 (52)

History of knee pain, n (%)† 108 (54) 135 (62) 134 (62)

Playing position, n (%)

 Goalkeeper 24 (12) 21 (9) 27 (12)

 Backcourt player 93 (46) 124 (57) 104 (48)

 Wing player 51 (25) 45 (21) 51 (24)

 Line player 33 (17) 28 (13) 35 (16)

Fig. 2 Kaplan–Meier estimates for shoulder injury (A) and knee injury (B). X-axis shows number of handball exposure hours
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the Knee Group had a 38% lower rate of time-loss knee 
injury, a 39% lower rate of substantial knee problems 
and a 23% lower rate of any knee problems (Table 2).

Prevalence of Shoulder and Knee Problems
The average weekly prevalence of any shoulder problem 
and substantial shoulder problems during the trial period 
(May to May) was 3% (95% CI 1 to 7) and 1% (95% CI 
0 to 4) in the Shoulder Group, 6% (95% CI 3 to 10) and 
2% (95% CI 1 to 5) in the Knee Group and 8% (95% CI 
5 to 13) and 2% (95% CI 1 to 5) in the Control Group, 
respectively.

The average weekly prevalence of any knee problem 
and substantial knee problems during the trial period 
(May to May) was 6% (95% CI 3 to 10) and 2% (95% CI 1 
to 5) in the Knee Group, 9% (95% CI 5 to 14) and 4% (95% 
CI 2 to 8) in the Shoulder Group and 11% (95% CI 7 to 
16) and 4% (95% CI 2 to 8) in the Control Group.

The weekly prevalence of any and substantial shoulder 
and knee problems in the three groups during the trial 
period (May to May) is presented week by week in Addi-
tional file 5.

Exposure and Compliance
Players in the Shoulder Group completed Shoulder Con-
trol (including the throwing programme June to August) 
in mean 1.3 (± 1.3) times per week and players in the 
Knee Group completed Knee Control in mean 1.6 (± 1.4) 
times per week. The schools in the Shoulder Group per-
formed Shoulder Control on average 1.8 (± 0.8) times per 
week and schools in the Knee Group performed Knee 
Control on average 2.2 (± 0.8) times per week during the 
handball season (September to May). Schools had on 
average 2.2 (± 0.4) handball training sessions per week 
during the handball season (September to May).

Discussion
The principal finding of this trial on adolescent elite 
handball players was that the IPEPs Shoulder Control 
and Knee Control reduced the risk of shoulder and knee 
injuries, respectively. Moreover, the Shoulder Group 
reported less than half the average weekly prevalence of 
shoulder problems and less total weeks of shoulder inju-
ries compared with the Control Group during the trial 
period. Further the Knee Group reported almost half 
the average weekly prevalence of knee problems and 
less total weeks of knee injury compared with the Con-
trol Group during the trial period. This indicates that the 
programmes not only reduce the rate of new injuries, but 
also reduce the overall shoulder and knee injury burden.

Interestingly, even though many players reported using 
shoulder training programmes and knee warm-up pro-
grammes in the previous season, and that during the 

Table 2 Hazard rate ratios for shoulder and knee injuries/
problems between the three trial arms

CI confidence interval, HRR hazard rate ratio
* Reporting a score of 40 points or more for shoulder or knee 
problems, respectively with the Oslo Sports Trauma Research Center Overuse 
Injury Questionnaire (OSTRC-O)
† Reporting at least reduced participation or inability to participate due to a 
shoulder or knee problems, respectively with the OSTRC-O
‡ Reporting at least a moderate reduction in training volume or performance 
due to a shoulder or knee problems, respectively with the OSTRC-O
§ Reporting anything but “full participation without any shoulder or knee 
problems”, respectively with the OSTRC-O

HRR 95% CI P‑value

Primary outcomes

Shoulder injury*

Shoulder Group versus Control 
Group

0.44 0.29 to 0.68  < 0.001

Shoulder Group versus Knee Group 0.66 0.38 to 1.14 0.14

Knee Group versus Control Group 0.66 0.38 to 1.13 0.13

Knee injury*

Knee Group vs Control Group 0.69 0.49 to 0.97 0.03

Knee Group versus Shoulder Group 0.74 0.54 to 1.01 0.06

Shoulder Group versus Control 
Group

0.94 0.69 to 1.29 0.71

Secondary outcomes

Time-loss shoulder injury†

Shoulder Group versus Control 
Group

0.44 0.30 to 0.65  < 0.001

Shoulder Group versus Knee Group 0.60 0.38 to 0.94 0.03

Knee Group versus Control Group 0.74 0.53 to 1.03 0.07

Substantial shoulder problem ‡

Shoulder Group versus Control 
Group

0.51 0.30 to 0.87 0.01

Shoulder Group versus Knee Group 0.63 0.38 to 1.07 0.09

Knee Group versus Control Group 0.80 0.50 to 1.29 0.36

Any shoulder problem§

Shoulder Group versus Control 
Group

0.49 0.29 to 0.83 0.01

Shoulder Group versus Knee Group 0.65 0.42 to 0.99 <0.05

Knee Group versus Control Group 0.80 0.51 to 1.11 0.16

Time-loss knee injury†

Knee Group versus Control Group 0.62 0.46 to 0.83 0.002

Knee Group versus Shoulder Group 0.76 0.59 to 0.99 0.04

Shoulder Group versus Control 
Group

0.82 0.64 to 1.05 0.12

Substantial knee problem‡

Knee Group versus Control Group 0.61 0.44 to 0.85 0.003

Knee Group versus Shoulder Group 0.68 0.56 to 0.83  < 0.001

Shoulder Group versus Control 
Group

0.90 0.65 to 1.25 0.53

Any knee problem§

Knee Group versus Control Group 0.77 0.54 to 1.12 0.17

Knee Group versus Shoulder Group 1.43 1.15 to 1.79 0.002

Shoulder Group versus Control 
Group

0.54 0.34 to 0.72  < 0.001
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season they reported frequent strength and conditioning 
work, the implementation of specific shoulder and knee 
training interventions still led to a substantially reduced 
risk of shoulder and knee injuries.

Shoulder Injuries
Shoulder Control was efficacious in reducing shoulder 
injuries with less than half the rate compared with the 
Control Group. Players in the Knee Group, however, 
had no reduced rate of shoulder injuries, which suggests 
that shoulder-targeted exercises are needed to prevent 
shoulder injuries. Shoulder Control also reduced the 
prevalence of shoulder problems which is in line with a 
previous study in senior elite players in Norway where 
a shoulder IPEP reduced the prevalence of shoulder 
problems [11]. The weekly prevalence of shoulder prob-
lems reported in this trial is lower compared to what has 
been reported in our previous study on a similar popula-
tion [6]. However, in the present trial the weekly average 
prevalence is based on a whole calendar year in contrast 
to our previous study, which reported weekly prevalence 
during the competitive season only. Moreover, the aver-
age weekly response rate in previous study was higher 
(93%) compared to the present study, which could have 
affected the average weekly prevalence.

Knee Injuries
The Knee Group had 31% lower rate of knee injury than 
the Control Group, which is in line with previous stud-
ies in handball and other team sports [2, 9, 10, 21]. The 
effect of Knee Control on knee injuries is thus somewhat 
lower than expected based on a previous study of Knee 
Control in similar-aged female football players in Sweden 
and a recent meta-analysis [8, 9], and there can be several 
explanations for this. First, in contrast to most previous 
studies, we included both acute and gradual onset inju-
ries and most of the injuries were gradual onset injuries 
which could explain the lower effect [10]. Second, many 
players reported already using neuromuscular train-
ing exercises for the knee at baseline. Third, our trial 
included not only the handball season but also the pre-
season where handball players normally perform heavy 
lower extremity exercises, which could increase the over-
all incidence of knee problems by an increased workload. 
As indicated by the weekly prevalence of knee problems 
(Additional file 5), it is evident that the relative risk would 
have been lower if the study period had included only the 
handball season (September to May).

Shoulder Control had no effect on the risk of knee inju-
ries which indicates that to prevent knee injuries the 
exercises should target the lower limb and trunk. As with 
shoulder injuries, the weekly prevalence of substantial 

knee problems was quite stable with a reduction in prev-
alence in the end of the season compared to the Control 
Group. These findings expand on a previous study on 
youth floorball players in Sweden that also showed the 
same steady reduction in weekly prevalence [10].

Performance and Compliance of Shoulder Control and Knee 
Control
On average, players performed the training programmes 
half of the recommended number of sessions (1.3 and 1.6 
sessions/week), likely because they only had on average 
2.2 training sessions per week during school hours. The 
intervention dose is similar to previous prevention RCTs 
in team ball setting (1.0 to1.6 sessions/week) [10, 11, 22]. 
Despite not reaching the instructed number of sessions 
per week, both interventions showed significant effects.

Time is one of the most important barriers for com-
pleting the IPEPs [23], and performing both Knee Control 
and Shoulder Control would take approximately 20  min 
in addition to the regular handball warm-up. However, 
some of the exercises in Knee Control and Shoulder Con-
trol, e.g. trunk strength exercises, are quite similar and 
future studies should investigate if these programmes 
can be combined and limit the total number of exercises 
and still be effective in reducing shoulder and knee injury 
risk.

Strengths and Limitations
There are several strengths of this trial. First, the study 
design is the gold standard for our main research ques-
tion. We performed a cluster randomisation based on 
school instead of individual player randomisation which 
minimised the risk of contamination and a potential mis-
classification of the intervention exposure. Second, all eli-
gible schools accepted to participate, and 88% of players 
in the schools participated. This indicates that our trial 
has high external validity with a representative sample 
of the population of healthy adolescent elite handball 
players. Also, together with a low and even attrition rate 
in the three arms, this speaks for a low risk of selection 
bias. Third, by using a valid measurement tool the risk of 
misclassification of the outcome is low. Fourth, with the 
three-armed design we were able to compare two inter-
ventions both with a Control Group and with each other. 
By doing so, we could evaluate the efficacy of the inter-
ventions not primarily constructed to target the specific 
injury, i.e. the efficacy of Shoulder Control on knee inju-
ries and the efficacy of Knee Control on shoulder injuries.

This trial is not without limitations. First, since most 
injuries were self-reported, this trial cannot evaluate the 
effect related to any specific shoulder and knee injury 
diagnoses. Moreover, the possibility to classify if the 
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injury reported with the OSTRC-O was the same injury 
or a new or a recurrent injury is limited, especially in 
players who did  not respond to all weekly reports. 
Therefore, to account for multiple injury events dur-
ing the season we also presented injury prevalence data 
and total weeks with reported shoulder and knee injury 
in the three groups to compliment the Cox regression 
analyses. Moreover, the OSTRC-O composite severity 
score is created based on the answers to the four differ-
ent questions, which has been criticised recently [24]. 
Some studies have primarily used substantial problems/
injuries instead [6, 10, 11, 17, 25], which was used as a 
secondary outcome in our study. Importantly, consist-
ently for primary and secondary outcomes, Shoulder 
Control reduced the risk of shoulder injuries and Knee 
Control reduced the risk of knee injuries. The associa-
tion for any knee problems was not statistically signifi-
cant. In previous studies no risk reduction was seen 
when “any problems” were used as outcome [10]. One 
explanation for this could be that “any problems” also 
include knee stiffness or ache, which is not uncommon 
to experience when starting Knee control and therefore 
the time to first reported any knee problem is poten-
tially shorter in the Knee Group. Further, the overall 
burden of any knee problems over the trial period was 
markedly lower in the Knee Group as indicated by the 
number of weeks with knee injury and weekly preva-
lence of any knee problems (Additional file 5). Second, 
this trial was underpowered for subgroup analyses (e.g. 
sex or injury onset) and coupled to that we had more 
clusters than planned (18 vs. 15), but somewhat fewer 
players (627 vs. 675) compared with our a priori sample 
size estimation. Third, due to the nature of the inter-
ventions, the schools and players were not blinded to 
group allocation. Therefore, the expectations on inter-
vention outcomes could differ between the three arms, 
but this risk is probably low in a prevention RCT. In 
our trial, we had fair number of relatively small clus-
ters (18 clusters with on average 35 participants) and 
the cluster effect was very small and were accounted 
for in the analyses, and hence, we judge that our main 
findings are not explained by the cluster design of the 
trial. Finally, there were some group differences in base-
line characteristics, constituting a risk of confound-
ing despite the study design. The Shoulder Group had 
a higher percentage of male players compared to the 
Control Group. Previous studies have shown conflict-
ing results on sex difference in the occurrence of shoul-
der injuries in handball players. [3, 6, 11, 18]. However, 
in this study there were no difference in the cumulative 
incidence of shoulder injuries between male and female 
players (Additional file  4). Another baseline difference 
was that the Shoulder Group had a lower proportion 

of players at a national level compared to the Control 
Group. Previous studies have reported no difference in 
the occurrence of shoulder problems between playing 
levels in adolescent and professional handball [6, 15]. 
The Knee Group had a higher percentage of backcourt 
players compared to the Control Group. There are to 
our knowledge no studies reporting the prevalence or 
incidence of knee injuries based on playing position 
in handball. However, based on the demands on back-
court player one could assume that the risk of knee 
injury would be higher in backcourt players compared 
to other playing positions in handball, as shown for 
shoulder injuries [6]. However, if this is true, the HRR 
for the Knee Group would probably be even lower with 
a more even distribution of backcourt players between 
the Knee Group and the Control Group. Altogether, 
this indicates that confounding is not an important 
threat to the trial validity.

Conclusion
Adolescent elite  handball players who performed the 
Shoulder Control programme and the Knee Control pro-
gramme had a lower risk of shoulder and knee injuries, 
respectively, compared with players who continued their 
usual training. Further research on how these two pro-
grammes can be combined to reduce knee and shoulder 
injuries in a time effective way is warranted.
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ABSTRACT

Scapular muscle weakness in patients with lateral elbow tendinopathy is an identified impairment and is 
part of a multimodal rehabilitation approach. The published literature provides little information regarding 
specific rehabilitation guidelines that address both the proximal scapular muscle weakness and local elbow/
wrist dysfunctions common in patients with lateral elbow tendinopathy. The purpose of this clinical com-
mentary is to describe a comprehensive rehabilitation strategy for individuals with lateral elbow tendi-
nopathy. This program emphasizes a phased therapeutic strategy that addresses proximal and local 
dysfunction along the kinetic chain. This clinical protocol is currently being tested for efficacy as part of a 
randomized controlled trial. The information in this commentary is intended to provide clinicians with 
sufficient detail to comprehensively guide the rehabilitation of a patient with lateral elbow tendinopathy.

Level of Evidence: 5

Keywords: scapula, lateral epicondylitis, shoulder, lateral epicondylalgia, movement system
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BACKGROUND AND PURPOSE
Lateral elbow tendinopathy (LET) is the most com-
mon musculoskeletal elbow tissue injury and can 
result in significant limitations in function and 
decreased participation in activities.1 LET, lateral 
epicondylitis, or tennis elbow is defined as a pathol-
ogy at or near the lateral epicondyle of the humerus 
resulting in pain, tenderness, and functional limita-
tions.2 The mechanism of injury is variable but typi-
cally results from overloading of the common wrist 
extensors. 

Clinically, LET can present acutely in the form of 
tendonitis, but more commonly presents chronically 
where degenerative tendon changes, disorganized 
collagen bundles, scar tissue, and hypervascular-
ity has been identified.3 Risk factors for developing 
tendinopathy are both load related (biomechanical) 
and systemic. Known systemic risk factors include 
hypercholesterolemia, diabetes, hormonal imbal-
ances, age and genetics.4,5 In general, systemic risk 
factors are thought to reduce the tendon capacity to 
manage load such that routine activities of daily liv-
ing may be enough to trigger a pathological cycle.4

Although somewhat ambiguous, rehabilitation inter-
ventions are typically favored over medications, cor-
tisone injections or surgery as the first method of 
treatment.6,7 When critically assessing the literature, 
best rehabilitation practice supports various forms 
of the therapeutic exercise and manual therapy for 
the immediate and short-term improvement in pain 
and function.8 Still, there is not a precise description 
of what constitutes an evidence-based multimodal 
treatment program for LET9 especially when it 
comes to preventing recurrence of the condition.10,11 
Moreover, little guidance is available regarding the 
dosage (including the intensity, duration, frequency, 
and progression) of exercise prescription. 

Recently, researchers have identified shoulder gir-
dle weakness in patients with LET.12-14 Therefore, it 
is reasonable to assume that scapular muscle exer-
cises should be considered as part of a comprehen-
sive rehabilitation program for LET if weakness is 
present. One rationale for strengthening scapular 
muscles in this population is based on the Kinetic 
Chain Theory (KCT). The KCT proposes that during 
functional arm motions kinetic energy is transferred 

from proximal to more distal segments of the arm, 
providing an effective and efficient mode for distal 
function.15,16 As a result, proximal weakness increases 
the demand on the distal segment therefore over-
loading the distal segment.17 Without proper proxi-
mal scapular strength, there is an increased load on 
distal tissues at the elbow and wrist.18

Therefore, based on observational studies, expert 
opinion, and the KCT, scapular muscle performance 
could be an essential piece for rehabilitation profes-
sionals to address in patients with LET. However, no 
study has outlined a rehabilitation program for LET 
that includes scapular muscle exercises with suffi-
cient detail for the purpose of clinical replication. 
Accordingly, the purpose of this clinical commentary 
is to describe a comprehensive rehabilitation strat-
egy for individuals with lateral elbow tendinopathy. 
The provided rehab strategy will specifically include 
an evidence-based scapular stabilization algorithm 
integrated with a local treatment approach. 

DESCRIPTION OF THE PROGRAM
The dual rehabilitation program (DRP) for LET is 
based on combining rehabilitation to two regions; 
the scapula and forearm (elbow/wrist). The DRP 
program utilizes therapeutic exercise, emphasizing 
a phased approach to scapular muscle and forearm 
strengthening, and local manual therapy tech-
niques. The program was developed by clinicians 
and researchers with over 25 combined years of 
experience treating LET with special consideration 
given to the best evidence in the literature. This 
comprehensive rehabilitation program is currently 
being compared with a standard localized treatment 
approach in a multi-center randomized controlled 
trial (RCT). As part of the RCT, long term outcomes 
will be collected at six months and 1 year following 
discharge. 

An overview of the program is provided in Table 
1, and more detailed information is found in the 
Appendices.

ACTIVE WARM-UP
The active warm-up can be chosen first as a means 
of increasing soft tissue temperature and enhanc-
ing muscle performance prior to performing thera-
peutic procedures.19 Moreover, short term aerobic 
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Table 1. Overview of the Dual Rehabilitation Program.
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SCAPULAR MUSCLE STRENGTHENING 
MATRIX 
Based on several studies reporting EMG activity 
during specific scapular muscle exercises21-28 and 
modifications from a previous study,29 the authors 
established a progressive algorithm with three 
phases of strengthening: Phase 1 Neuromuscular 
education, Phase 2 Resistive with light to moderate 
loads/ short lever arm, and Phase 3 Resistive with 
moderate to heavy loads/ long lever arms. The exer-
cises were specifically selected based on % MVIC 
as well as exercises producing an optimal UT/LT 
ratios.30 For neuromuscular re-education (phase 1), 
others have recommended exercises in the range of 
20-40% of MVIC.31,32 In general, exercises producing 
higher than 40% MVIC will induce a strengthening 

exercises in conjunction with physical therapy has 
been shown to decrease pain sensitivity while also 
demonstrating improvements in health-related qual-
ity of life. 20 Because patients often present with 
varying levels of elbow irritability, two warm-up 
options, treadmill and upper body ergometer (UBE), 
are recommended. Although the UBE is preferred, 
the treadmill can be utilized for patients in the acute 
phase of LET as a means of indirectly increasing 
the temperature of the common wrist extensors. 
In general, the warm-up procedure is no longer 
than 10 minutes for either the UBE and treadmill. 
The patients on the UBE are encouraged to cycle 
at a comfortable pace with no resistance applied. 
Patients on the treadmill can ambulate at 2.0 mph 
on a flat incline.

Table 1. Overview of the Dual Rehabilitation Program. (continued)
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Repetitions and resistance
Because the primary objective in the first phase is 
motor recruitment of the scapular muscles (serratus 
anterior, lower trapezius, rhomboids, and middle tra-
pezius), the goal is to have the patient perform each 
exercise with no symptom reproduction and proper 
technique for three sets of 10.36  After proper motor 
recruitment is achieved, the goal is to improve mus-
cle strength and endurance. Therefore, the patient 

stimulus.33-35 Therefor, exercises in Phases 2 and 3 
included those yielding 40% or higher MVIC.

In regard to the scapula muscle exercises, Phase 1 
has two options; isometric and isotonic exercises 
(including both concentric and eccentric phases of 
musculature contraction of the target muscles). Iso-
tonic exercises are the preferred starting point, how-
ever if the patient experiences difficulty contracting 
the desired muscle, isometric exercises with visual 
and verbal feedback are prescribed by the thera-
pist. Because the primary muscle groups addressing 
scapular stabilization are both the serratus anterior/
anterior musculature and middle/lower trapezius 
/posterior musculature, the anterior and posterior 
scapular exercises are separated. Figure 1 provides 
an example of an exercise progression in all three 
phases for both the posterior scapula. Please refer 
to Appendix A for the entire scapular muscle algo-
rithm. As noted in the Appendix, there are several 
exercises from which to choose during each phase, 
and the patient’s response will drive the exercise 
selection. Clinically, each patient will be at a differ-
ent level, therefore, the authors agreed upon specific 
criteria to progress the patients from phase to phase 
in an orderly fashion.

Progressions
Phase 1 is instructed to all patients. The time to prog-
ress will vary and is based on specific criteria. In order 
to progress to Phase 2 the patient must demonstrate 
the ability to isolate scapular retraction/ sternal lift 
with correct head posture from a resting neutral pos-
ture 20 times in a row while standing in an upright 
posture without substitution or support and without 
aggravating symptoms. Each repetition must be held 
for a full five seconds for each repetition. To progress 
to Phase 3, patients must demonstrate that they can 
perform 20 repetitions with a set load of 10 lbs. with-
out pain, substitution or increasing symptoms.  A 
single arm row with 10 lbs. (black theraband cut 
50cm long) will generate 10lbs at end of stretch for 
most people of heights between 5 and 6 feet. If the 
patient is over 6 feet tall, a 60cm long TheraBand or 
use a cable column should be used. Also, the patient 
should be able to perform a single arm push (punch) 
with 10lbs from waist to shoulder level without pain, 
substitution or increasing symptoms. 

Figure 1. Example of Scapular Muscle Strengthening 
 Progression.
Refer to Appendix A for detailed exercise choices and perfor-
mance instructions
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Based on clinical experience, the patient should meet 
specific criteria before advancing to Phase 3. First, 
the patient performs 20 repetitions with a set load of 
2 lbs. without pain, substitution or increasing symp-
toms before progressing to Phase 3. As an alternative, 
the patient could demonstrate a maximum effort grip 
strength that is no less than 80% of their age and sex 
matched normative data.39 The testing procedure 
should be performed in sitting with the shoulder in 
neutral, elbow flexed to 90°, and the wrist in neutral.40 
The periodic testing of grip strength with a hand held 
dynamometer provides the therapist with objective 
data but also can enhance patient motivation during 
the rehabilitation process. 

Repetitions and resistance 
Similar to scapular muscle training, the goal in 
the first phase is to have the patient perform each 

may perform up to three sets of 15, with 60 seconds 
of rest between sets, within the second and third 
phases of this program.37 In all phases, the patient 
begins without weight and when the patient is no 
longer experiencing 24 hour post onset muscle sore-
ness or the pain does not go up more than one level 
on the numeric pain rating scale (NPRS) (0-10), then 
resistance can be added. Accounting for individual 
variations in response to training, we also allow the 
patient to autoregulate reps, sets, or loads based on 
internal feedback.38

WRIST AND ELBOW STRENGTHENING 
MATRIX 
Similar in form to the scapular muscle strengthening 
matrix, the authors designed three levels of strength-
ening for the wrist: Phase 1 Neuromuscular educa-
tion, Phase 2 Resistive with light to moderate loads/ 
short lever arm, and Phase 3 Resistive with moderate 
to heavy loads/ long lever arms. (Figure 2, Appen-
dix B). Neuromuscular education is positioned first 
for the purposes of muscle recruitment with a focus 
on isolating the muscle(s) in a controlled manner 
through isometric or isotonic contractions. Phase 2 
focuses more on concentric and eccentric muscle 
activation patterns in a low load environment for the 
purpose of strengthening and building muscle endur-
ance. Progressions from Phase 2 to Phase 3 were 
made using basic principles of loading; longer lever 
arms, increased weight bearing, increase in weight 
or resistance, and plyometric activities. The primary 
muscle groups that will be addressed for wrist and 
elbow strength are both the wrist extensors and the 
radial deviators and elbow flexors and extensors. The 
wrist and elbow program also includes flexibility 
within each phase to allow for differences in patient 
presentation and preferences. 

Progression
Phase 1 is instructed to all patients, and the time to 
progress will vary and is based on specific criteria. To 
progress to Phase 2, the patient should be able to per-
form full wrist active range of motion and isometric 
wrist extension with no pain. To progress to Phase 3, 
the patient must demonstrate that they can perform 
20 repetitions of concentric/eccentric wrist extension 
with the elbow flexed, forearm supported in prona-
tion, and wrist over the edge of a supportive surface. 

Figure 2. Example of Wrist Extensor Strengthening 
 Progression.
Refer to Appendix B for detailed exercise choices and perfor-
mance instructions
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•  When exercising, make sure the exercises do not 
increase your pain as this might be a signal that 
the load is too much. Be particular mindfully of 
stretching. 

•  Use larger handles on utensils, tools, or tennis 
rackets 

•  Make modifications to your work area to pro-
mote good posture. The following should also be 
considered:

  o  Don’t maintain fixed postures for long peri-
ods of time. Consider setting a timer every 30 
minutes to stand up. 

  o  A headset with microphone and dictation 
software

  o  A vertical mouse to promote a more neutral 
wrist posture

•  Consult a trainer in your sport to help correct 
faulty mechanics or make appropriate adjust-
ments in equipment

•  Avoid palm down lifting; instead always try to lift 
with your palm up

•  Avoid injections for pain management. Patients 
receiving multiple corticosteroid injections as a 
treatment modality typically fair worse in function 
and pain management in the long term.

JOINT MOBILIZATIONS 
The primary aim of joint mobilization techniques 
in this population is to reduce or eliminate pain at 
the lateral epicondyle and improve range of motion 
at the elbow and wrist. A recent systematic review 
and meta-analysis found that mobilization with 
movement (MWM) techniques were effective at 
reducing pain and improving daily function up to 
three months after discharge in patients with LET. 
In general, the review also found that mobilizations 
were effective at reducing pain and improving grip 
strength as compared to controls.43

Based on the best evidence, the therapist is given 
the option to choose between three different tech-
niques.44 The first two techniques are MWMs and 
involve a manual lateral glide of the ulna/radius 
by the therapist while stabilizing the humerus in a 

exercise with no symptom reproduction and proper 
technique for three sets of 10.   After proper motor 
recruitment is achieved, the goal is to improve mus-
cle strength and endurance. Therefore, the patient 
can perform up to three sets of 15, with 60 seconds 
of rest between sets, within the second and third 
phases of this program.37 In all phases, the patient 
begins without weight and when the patient is no 
longer experiencing 24 hour post onset muscle sore-
ness or the pain does not go up more than one level 
on the numeric pain rating scale (NPRS) (0-10), then 
resistance can be added. Accounting for individual 
variations in response to training, the patient is 
allowed to autoregulate reps, sets, or loads based on 
internal feedback.38 See Table 2 for a guide to resis-
tance levels utilized with TheraBand.

PATIENT EDUCATION AND HOME 
INSTRUCTION
Rehabilitation experts generally consider patient 
education as a unique and critical piece to rehabilita-
tion. Education is unique in that it is ongoing and crit-
ical because without proper patient understanding 
of the insulting activities, it is likely that the patient 
will relapse with the symptoms or cause a delay in 
healing time. More specifically, the literature sup-
ports ergonomic modifications41 and the following 
points of emphasis specific to tendonopathies:42

•  Rest from activities that increase tendon loading 
and aggravate pain. The therapist will guide the 
patient in the proper loads and timing of those 
loads to ensure proper healing. 

•  Avoid repeated wrist, forearm or elbow move-
ments. Do not avoid all upper limb motions as this 
will further reduce the tendons ability to take load.

Table 2. Thera Band Resistance Based on Color and 
Elongation.
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all of the interventions listed below be addressed 
early in the plan of care as most of these agents will 
address pain directly and allow the patient to partici-
pate more fully in the exercise portion of the proto-
col which has been shown to be more effective for 
function in the long term. It is also up to the individ-
ual treating therapist to determine the need for such 
an intervention and how long to use the following 
interventions within an episode of care.

Wrist extensor stretching
All patients should be instructed in wrist extensor 
stretching. Even if there are no flexibility deficits, 
stretching can provide short-term pain inhibition 
when compared to no treatment.45 Caution should 
be exercised against aggressive stretching if the pain 
on palpation is insertional (i.e. potentially related to 
enthesopathy) where compressive loads (stretching) 
can be catabolic in nature resulting in a negative 
response to other interventions. 

If the clinician opts for stretching, a judgement will 
have to be made in regard to how much tension to 
place on the wrist extensor mechanism. For exam-
ple, if the patient presents with > 3/10 pain during 
the Mill’s sign, the clinician may opt to instruct the 
patient to stretch with the elbow flexed along with 
relaxing the index and middle fingers while only 
applying passive wrist flexion with the other hand. 
The previously described stretch will place less ten-
sion on the common wrist extensors when compared 
to a stretch where the elbow is placed in an extended 
position and the digits are maximally flexed.46 The 
authors propose performing stretches three times 
a day holding for 30 seconds and performing three 
repetitions during each session. 

Wrist Orthosis
The literature supports the use of counterforce 
braces early in the rehabilitation process for improv-
ing pain pressure thresholds47 (Figure 4). The ratio-
nale for its efficacy is that the counterforce brace 
places tension on a more distal segment of the ten-
don or muscle while allowing healing time to the 
injured proximal insertion of the common wrist 
extensors. These straps may be of particular value 
to patients when eliminating the aggravating activ-
ity is not possible to allow for healing. For example, 

medial direction (Figure 3A). During the mobiliza-
tion, the patient is asked to perform pain-free grip 
while holding isometrically for five seconds for 6-10 
repetitions. The second technique involves the use 
of a mobilization belt using the same direction of 
force mentioned in the first technique, however the 
patient is asked to extend the elbow rather than sus-
tain an isometric grip (Figure 3B). The third tech-
nique is an anterior glide of the radial head on the 
ulna (Figure 3C) with no active movement from the 
patient. The third technique is utilized if the patient 
does not respond to the first two techniques. Please 
see Appendix C for more information regarding joint 
mobilization techniques.

OTHER INTERVENTIONS
The interventions listed below (and also described 
in Table 1) are intended to be supplemental to the 
outlined program above. It is recommended that 

Figure 3. Mobilization with Movement for the Elbow.
Refer to Appendix C for more detailed performance instructions
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high-level tennis players or individuals with manual 
labor jobs may not have the option to relinquish the 
activity in which case the counterforce brace is logi-
cally a good alternative.

The patients are instructed to use the counterforce 
strap during work and sports activities as needed, 
but not wear the strap while at rest. The strap should 
be placed about two finger widths below the painful 
area and the patients are instructed to adjust the ten-
sion to comfort while muscles are relaxed, and not 
to over tighten.

Soft Tissue Mobilization
For the purposes of reducing local pain, promoting 
tissue healing by increasing blood flow, and increas-
ing tissue extensibility the treating therapist is given 
the option of performing a variety of soft tissue tech-
niques. Deep friction massage (DFM) is typically 
performed in small circular movements across the 
common wrist extensor tendon. DFM is thought to 
assist the remodeling phase of an already degenerat-
ing tendon and to reduce scar tissue.48 Alternatively, 
soft tissue massage along the common wrist extensor 
muscle belly could be chosen to promote relaxation 
and increase tissue extensibility. Finally, myofascial 
techniques addressing the common wrist extensors 
are applied to relieve pain and improve soft tissue 
extensibility.49 It should be noted that there is lim-
ited evidence to support the use of soft tissue tech-
niques in treating tendinopathies.50 Consequently, 
the clinical decision to perform a specific soft tis-
sue mobilization should be based on the finding of 

decreased elbow extension or decreased wrist flex-
ion range of motion secondary to a common wrist 
extensor soft tissue restriction. 

Cryotherapy
Cryotherapy may be effective in reducing local pain 
through a mechanism known as the gait control the-
ory.51 In addition, cryotherapy causes vasoconstric-
tion of superficial blood vessels and thus can reduce 
chemical pain that might be present.52 More specifi-
cally, ice massage has been shown to be effective 
as part of a multimodal program to treat tendinopa-
thies,53 and it is recommended by the authors to be 
the clinician’s first choice where it is not contrain-
dicated. However, because ice massage involves a 
direct application of ice to the skin, individuals may 
not tolerate it as well. In this case, the clinician has 
the option of providing a homemade or commercial 
ice pack with one thin layer (typically a pillow case) 
to the lateral elbow after treatment in the clinic.54 
Patients should also be instructed to perform cryo-
therapy at home and to apply the ice massage over 
the painful area for 3-5 minutes, especially after an 
aggravating activity. As an alternative, the patient is 
given the option to apply an ice pack to the elbow 
for 10 minutes up to 3-4 times a day to reduce pain.

LIMITATIONS AND OTHER 
CONSIDERATIONS
Lateral elbow tendinopathy is often misdiagnosed. 
Although beyond the scope of this commentary, it 
is crucial that clinicians perform a proper medical 
screen and differential assessment prior to initiat-
ing the DRP. Common differential diagnosis for LET 
include cervical radiculopathy, radial tunnel syn-
drome, lateral collateral ligament pathology, radio-
capitular osteoarthritis, fracture, triceps tendonitis, 
and referred pain from wrist injuries.55 To that end, 
it is common for patients with LET to present with 
contaminant findings of cervical radiculopathy, 
radial nerve irritation, and intra-articular pain.56 
Depending on the history, therapists may opt to 
perform tests such as resisted wrist supination (sug-
gestive of entrapment of the posterior interosseous 
nerve along the supinator),56 Wainner’s cluster for 
cervical radiculopathy (along with a neurological 
screening of C6,C7),57 and specific loading tests to 
target pathological intra-articular structures.58 

Figure 4. Lateral Elbow Tendinopathy Counterforce Brace.
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mobilisation techniques offer guidance for the 
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systematic review. Br J Sports Med. 2013; 47: 1112-1119. 

9. Niedermeier SR, Crouser N, Speeckaert A, et al. A 
survey of fellowship-trained upper extremity 
surgeons on treatment of lateral epicondylitis. Hand 
(N Y). 2018: 1558944718770212. 

10. Dingemanse R, Randsdorp M, Koes BW, et al. 
Evidence for the effectiveness of electrophysical 
modalities for treatment of medial and lateral 
epicondylitis: a systematic review. Br J Sports Med. 
2014; 48: 957-965. 

11. Nilsson P, Baigi A, Sward L, et al. Lateral 
epicondylalgia: a structured programme better than 
corticosteroids and NSAID. Scand J Occup Ther. 2012; 
19: 404-410. 

12. Day JM, Bush H, Nitz AJ, et al. Scapular muscle 
performance in individuals with lateral 
epicondylalgia. J Orthop Sports Phys Ther. 2015: 1-35. 

13. Lucado AM, Kolber MJ, Cheng MS, et al. Upper 
extremity strength characteristics in female 
recreational tennis players with and without lateral 
epicondylalgia. J Orthop Sports Phys Ther. 2012; 42: 
1025-1031. 

14. Bhatt JB, Glaser R, Chavez A, et al. Middle and lower 
trapezius strengthening for the management of 
lateral epicondylalgia: a case report. J Orthop Sports 
Phys Ther. 2013; 43: 841-847. 

15. Putnam CA. Sequential motions of body segments in 
striking and throwing skills: descriptions and 
explanations. J Biomech. 1993; 26 Suppl 1: 125-135. 

16. Feltner ME, Bishop EJ, Perez CM. Segmental and 
kinetic contributions in vertical jumps performed 
with and without an arm swing. Res Q Exerc Sport. 
2004; 75: 216-230. 

17. Kreighbaurn E BK. Throwlike and pushlike 
movement patterns in biomechanics, a qualitative 
approach to studying human movement. 4th ed. 
Boston, MA: Allyn and Bacon, 1996.

18. Hidetomo S, Swanik KA, Huxel KC, et al. Alterations 
in upper extremity motion after scapular-muscle 
fatigue. Journal of Sport Rehabilitation. 2006; 15: 71-88.

19. Brunner-Ziegler S, Strasser B, Haber P. Comparison 
of metabolic and biomechanic responses to active vs. 
passive warm-up procedures before physical 
exercise. J Strength Cond Res. 2011; 25: 909-914. 

20. Ote Karaca S, Demirsoy N, Gunendi Z. Effects of 
aerobic exercise on pain sensitivity, heart rate 
recovery, and health-related quality of life in 
patients with chronic musculoskeletal pain. 
International journal of rehabilitation research. 2017; 
40: 164-170. 

Although the provided protocol is based on best 
available evidence, the authors acknowledge that 
the research regarding scapular muscle training for 
patients with LET is limited to observational stud-
ies only. However, research is only part of evidence-
based practice and the authors contend that patient 
values and circumstances as well as clinical exper-
tise are also valuable in designing a comprehensive 
rehabilitation protocol.

CONCLUSIONS
This clinical commentary outlines a regional and 
comprehensive rehabilitation program for patients 
with LET. The DRP emphasizes a three-phase 
scapular muscle and wrist extensor exercise pro-
gram and joint mobilization while also suggesting 
other evidence-based interventions that could be 
of assistance. Based on individual presentations 
and response to treatment, the program is a flexible 
model through which effective and comprehensive 
treatment can be provided for patients with LET.
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ABSTRACT
This statement paper summarises and appraises the 
evidence on diagnosis, prevention, and treatment of 
common shoulder injuries in sports. We systematically 
searched Medline and Embase. The Grading of 
Recommendations Assessment, Development and 
Evaluation tool was applied to evaluate the overall 
quality of evidence.
For diagnosis, we included 19 clinical tests from mixed 
populations. Tests for anterior instability, biceps- labrum 
complex injuries and full subscapularis rupture had 
high diagnostic accuracy (low to moderate quality of 
evidence).
For prevention, the Oslo Sports Trauma Research 
Center, the Shoulder Control, the FIFA 11+ shoulder 
injury prevention programmes, and a baseball- specific 
programme (range of motion, stretching, dynamic 
stability and strengthening exercises) showed moderate 
to large effect size in reducing the risk of shoulder injury 
compared with no intervention (very low to moderate 
quality of evidence).
For treatment, a rehabilitation programme including 
stretching, ice packs, electrotherapy and compression, 
and strengthening exercises showed a large effect 
size in reducing pain and disability compared with no 
intervention in athletes with subacromial impingement 
syndrome (very low to moderate quality of evidence). 
For the treatment of supraspinatus tendinopathy, 
hyperthermia treatment (heating the skin to 38°C–40°C) 
resulted in large effect size in reducing pain and disability 
compared with ultrasound or pendular swinging and 
stretching exercises (moderate quality of evidence). 
Strengthening exercise alone or in combination with 
stretching exercises promoted a large effect in reducing 
shoulder pain (cohort studies, no comparators) (very low 
quality of evidence). The quality of evidence for most 
estimates was low to moderate, indicating that future 
high- quality research may alter our recommendations for 
clinical practice.

INTRODUCTION
Shoulder injuries occur frequently in sports such as 
swimming, volleyball and handball, where move-
ments are performed repeatedly over the head at 
high speed or in extreme positions.1–4 Athletes 
from these sports are often referred to as ‘overhead 
athletes’. It is widely accepted that these athletes are 
at significant risk of sustaining shoulder injuries, 

with several attempts made to identify risk factors 
and optimal management.5–8 The risk of shoulder 
injuries varies across sports and depends on the 
definition (time loss in sports, medical attention, 
severity etc). In swimming, 23%–38% of athletes 
sustain shoulder injuries within 1 year,3 4 and 23% 
of volleyball players experience dominant shoulder 
pain during the ongoing season.9 In a large study 
of elite handball, 44%–75% have previously had 
shoulder pain, 20%–52% report current shoulder 
pain and the prevalence of weekly shoulder pain 
and substantial shoulder injuries is 28% and 12%, 
respectively.1 These high rates of shoulder injuries 
are also seen in other overhead sports such as base-
ball10 and waterpolo11 and may vary depending on 
age, sex and level of competition.

Shoulder injuries may result from an instanta-
neous transfer of large quantities of kinetic energy 
(ie, acute with sudden onset), from the gradual 
accumulation of low- energy transfer over time (ie, 
repetitive with gradual onset) or a combination 
of both mechanisms (ie, repetitive with sudden 

WHAT IS ALREADY KNOWN
 ⇒ Shoulder injuries are very common in overhead 
athletes.

 ⇒ The quality of evidence related to diagnosis, 
prevention and treatment of the most common 
shoulder injuries has not been investigated.

WHAT ARE THE NEW FINDINGS
 ⇒ High diagnostic accuracy was observed for 10 
tests covering anterior instability (apprehension 
test (+relocation)), SLAP injuries (Biceps Load 
II), biceps- complex injuries (three- pack and 
Yergason), and rupture of the subscapularis 
(internal rotation lag).

 ⇒ Shoulder injury prevention programmes showed 
a moderate to large effect size in reducing 
the risk of shoulder injuries compared with no 
intervention.

 ⇒ Choosing an active rehabilitation programme 
seems to be beneficial compared with passive 
modalities in reducing pain and disability.

 ⇒ Most outcomes were graded as very low to 
moderate quality of evidence, indicating that 
future high- quality research may alter our 
findings.
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onset).12 Although the International Olympic Committee 
recently provided consensus- based guidelines for recording and 
reporting epidemiological data on injuries in sport,12 defining 
and classifying mechanisms and mode of onset of shoulder inju-
ries is challenged by the lack of consistent terminology in the 
existing literature.

The clinical management of shoulder injuries is of interest 
to a broad audience within the sports medicine community, 
including physiotherapists, sports physicians and orthopaedic 
surgeons with interest in the diagnosis, prevention and treat-
ment of such injuries.8 Therefore, to improve the management 
of shoulder injuries, this statement paper, commissioned by the 
Danish Society of Sports Physical Therapy, aimed at providing 
an overview of the present literature. We graded the quality of 
evidence concerning the diagnostic accuracy of commonly used 
clinical tests and the effect of preventive and treatment strategies 
for the most common shoulder injuries.

METHODS
This statement paper is divided into three domains: (1) diag-
nosis, (2) prevention and (3) treatment of five common shoulder 
injuries, including subacromial impingement syndrome (SIS), 
internal posterosuperior impingement, biceps- labrum complex 
injuries, rotator cuff injuries, and anterior instability, but also 
unspecified shoulder pain or injuries. The SIS is not well defined 
but includes structural damage in the subacromial space, including 
tendinopathies, partial rotator cuff ruptures, bursitis—without 
distinction to the mechanism behind it.13 Internal posterosupe-
rior impingement is a frequent cause of pain among overhead 
athletes, characterised by an increased or repeated contact 
between the rotator cuff tendons attachment on the tuberculum 
majus humeri and the posterosuperior aspect of the glenoid 
cavity when the arm is in an maximally abducted and exter-
nally rotated position.14 Clinical studies indicate that its cause is 
multifactorial, and several anatomical structures are involved in 
the condition. Biceps- labrum injuries (including SLAP) involve 
the biceps' long head and its attachment to the glenoid labrum 
and can involve the labrum in varying degrees as an actual 
SLAP lesion.15 Rotator cuff injuries include tendinopathies and 
partial or complete tendon ruptures, most related to the supra-
spinatus tendon.16 Anterior shoulder instability may be caused 
by previous traumatic shoulder dislocation or repeated stress on 
the anterior structures with prolonged microtraumas and ante-
rior subluxations.17 As such, the selected diagnoses and common 
shoulder injuries include athletes with any physical shoulder 
complaint irrespective of the need for medical attention or time 
loss,18 and represent the spectrum from acute, sudden onset inju-
ries to repetitive, gradual onset injuries, including unspecified 
shoulder pain or injuries. However, we excluded diagnoses likely 
to be solely of traumatic origin (ie, dislocations and fractures) 
because athletes presenting with such injuries are expected to 
have a different clinical profile and management needs.

Search
Three systematic searches covering diagnosis, prevention, and 
treatment of the five selected shoulder injuries were performed 
in MEDLINE via PubMed and EMBASE via Ovid in April 2021 
and updated August 2022, with no restrictions in the year of 
publication. Only publications in English were included. We 
searched individual text words in the title/abstract and supple-
mented them with Medical Subject Headings terms (MeSH). We 
combined anatomical region of interest (eg, 'Shoulder (MeSH)' 
OR 'rotator cuff' OR ’shoulder') AND the type of shoulder 

problem (eg, 'Athletic injury (MeSH)' OR 'injur*' OR ’strain*' 
OR 'impingement') AND outcome for diagnosis and prevention 
(eg, 'Physical examination (MeSH)' OR 'test' OR 'diagnostic*' 
and 'Primary prevention (MeSH)' OR 'prevent*', respectively) 
or intervention for treatment (eg, 'Physical therapy modalities 
(MeSH)' OR 'exercise' OR 'education' OR 'Shockwave'). For 
treatment and prevention, the search strategy also included 
research design (eg, 'Systematic review (MeSH)' OR 'meta- 
analysis' OR 'randomised controlled trial'). In addition, reference 
lists of the included studies were screened for potential eligible 
references. The complete search strategy for all searches is avail-
able in online supplemental file 1.

Selection of studies
Two authors (BL and JRP) independently screened studies using 
Covidence systematic review software (Veritas Health Innova-
tion, Melbourne, Australia). Articles were initially screened 
by title and abstract for eligibility. Full- text articles were then 
screened for inclusion. Disagreements were solved by consensus. 
For all domains, studies were included based on the highest level 
of available evidence.19 For the diagnostic domain, systematic 
reviews and diagnostic cohort studies were preferred as these 
represent the highest starting point in the Grading of Recommen-
dations Assessment, Development and Evaluation (GRADE) tool 
(3). We aimed to include studies comparing clinical tests to either 
arthroscopy, MRI, or ultrasound as the diagnostic reference 
standard. For the prevention and treatment domains, systematic 
reviews or randomised controlled trials (RCTs) were preferred 
as these represent the highest starting point in the GRADE tool 
(3). However, observational studies were also eligible for inclu-
sion. For the prevention domain, all shoulder problem defini-
tions were accepted (eg, time- loss, medical attention, severity 
scores, patient- reported outcomes (eg, pain)). Similarly, for the 
treatment domain, all effect measures were accepted (eg, risk of 
reinjuries, time to return to sport, number of criteria passed or 
patient- reported outcomes (eg, pain, physical function in sport 
and recreational activities)).

Appraisal
Two authors (BL and JRP) independently assessed the risk of 
bias in the included studies. The Cochrane Risk of Bias assess-
ment tool 2.0 was used for RCTs,20 QUADAS- 2 for diagnostic 
studies,21 ROBINS- I for non- randomised studies of interven-
tions,22 and ROBIS for systematic reviews.23 Details of each tool 
can be found in online supplemental file 2. Disagreements were 
solved by consensus. If a systematic review included a risk of 
bias assessment of individual studies using one of the aforemen-
tioned assessment tools, no additional risk of bias assessment was 
conducted for these individual studies. However, if these tools 
were not used, or there was conflicting risk of bias assessments 
between two or more systematic reviews, risk of bias was reas-
sessed. Two authors (BL and JRP) evaluated the overall quality of 
evidence for each outcome relating to diagnosis, prevention and 
treatment, following the GRADE approach.24 Disagreements 
were solved by consensus. The quality of evidence was graded as 
(1) high, indicating that further research is unlikely to alter the 
confidence in the estimates, (2) moderate, indicating that further 
research is likely to have an important impact on the confidence 
in the estimates and may change the estimates,24 low, indicating 
that further research is very likely to have an important impact 
on the confidence in the estimates and is likely to change the 
estimates or (4) very low, indicating high uncertainty about 
the estimates. For the prevention and treatment domains, the 
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starting quality of evidence was ‘high’ for data based on RCTs 
and ‘low’ for data based on observational studies. For the diag-
nostic domain, the starting quality of evidence was ‘high’ when 
based on cohort studies. Subsequently, the quality of evidence 
could be downgraded one or two levels for each of five domains, 
including study limitation (ie, serious risk of bias),25 imprecision 
(ie, wide CIs around estimates or few studies included),26 incon-
sistency (ie, heterogeneity of results cross studies if more than 
one study was included for a specific outcome/intervention),27 
indirectness (ie, lack of generalisability of the findings to the 
target population)28 and publication bias (ie, results depend on 
the sample size).29 The quality of evidence could be upgraded 
due to a large magnitude of effect, dose- response gradient, and 
effect of plausible residual confounding. The GRADE assess-
ments can be found in online supplemental file 3.

Data synthesis
Diagnostic tests
The diagnostic accuracy of clinical tests was estimated as positive 
(LR+) and negative (LR−) likelihood ratios and expressed the 
change in odds of the patient having the problem.30 An LR+ 
>1 increases the post- test probability of a diagnosis following 
a positive test, while an LR− <1 decreases the post- test prob-
ability of a diagnosis following a negative test. The diagnostic 
accuracy was classified based on current guidelines as: very low 
(LR+ 1 to 2; LR− 0.5 to 1), low (LR+ 2 to 5; LR− 0.2 to 0.5), 
moderate (LR+ 5 to 10; LR− 0.1 to 0.2) and large (LR+ >10; 
LR− <0.1).31 When available, positive predictive values (PPV) 
and negative predictive values (NPV) were extracted or calcu-
lated from data presented in the individual studies. The PPV 
expresses the probability that a patient with a positive test had 
the problem in question, while NPV expresses the probability 
that a patient with a negative test did not have the problem. The 
diagnostic accuracy was classified based on current guidelines as: 
high (≥0.85), moderate (0.70–0.84) and low (≤0.69).32

Prevention and treatment
Due to substantial clinical heterogeneity in types of shoulder 
injuries, and intervention and population characteristics, 
pooling of results were not possible and a narrative synthesis was 
adopted. For dichotomous prevention outcomes (ie, problem/
no problem), the effect of the intervention was presented as 
ORs, HRs, or incidence rate ratios. For continuous prevention 
outcomes (eg, pain measured using patient- reported outcomes, 
number of pain episodes), the effect of the intervention was 
presented as between- group differences. For the treatment 
domain, the effect was presented as between- group differences 
or, if between- group differences were not available, as within- 
group changes.

RESULTS
The main findings are summarised in figure 1.

Domain 1: diagnostic tests
A total of 1286 studies were identified in the literature search. 
No studies were identified on the diagnostics of the selected 
shoulder injuries in athletes. Data on diagnostic tests were 
therefore obtained from studies including both athlete and non- 
athlete populations. Five studies (two systematic reviews33 34 and 
three prospective studies35–37) were included (table 1). No meta- 
analysis of diagnostic accuracy was available in the literature or 
conducted as a part of this statement paper.

Subacromial impingement syndrome
Several tests for SIS were examined in a systematic review by 
Hegedus et al,33 of which one test battery, the Composite test, 
used five of the most commonly used tests in clinical practice 
(Hawkins- Kennedy, Neer, Painful arc, Empty can/Jobe and 
external rotation against resistance) and was included in this 
statement paper. Based on one prospective study (n=55), the 
composite test showed low diagnostic accuracy, with a low 
agreement between clinical testing and arthroscopic examina-
tion (LR+=2.93, LR−=0.34; low quality of evidence).38 Based 
on one prospective study (n=69), the posterior impingement 
test showed low to moderate diagnostic accuracy in predicting 
a positive or negative arthroscopic examination (LR+=5.0, 
LR−=0.29; not possible to assess the quality of evidence as the 
full- text version of the article was not accessible).37

Anterior instability
Eight studies, including four clinical tests, were included in the 
systematic review by Hegedus et al.33 Based on two studies (n=409), 
the apprehension test showed high diagnostic accuracy when posi-
tive (LR+=17.21) and low diagnostic accuracy when negative 
(LR−=0.39) in predicting a positive or negative arthroscopic exam-
ination, respectively (low to moderate quality of evidence). The 
diagnostic accuracy of the relocation test was investigated in three 
studies (n=509) and showed moderate diagnostic accuracy when 
positive (LR+=5.48) and low diagnostic accuracy when negative 
(LR−=0.55) in predicting a positive and negative arthroscopic 
examination, respectively (very low quality of evidence). A combina-
tion of the apprehension test and relocation test showed high diag-
nostic accuracy (LR+=39.68, LR−=0.19) in predicting a positive 
and negative arthroscopic examination (one study, n=46) (moderate 
quality of evidence). Based on two studies (n=128), the surprise test 
showed moderate diagnostic accuracy when positive (LR+=5.42) 
and low diagnostic accuracy when negative (LR−=0.25) in 

Figure 1 Summary of main findings about diagnostic tests, prevention and treatment of common shoulder injuries in sport.
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Table 1 Diagnostic accuracy of clinical tests and grading the quality of evidence

Clinical test
Likelihood 
ratio

Positive and 
negative 
predicative 
values

Diagnostic accuracy

High* Moderate Low/very low

Arthroscopy used as reference standard

Subacromial impingement

  Composit test (combination of Hawkins- Kennedy, 
Neer, Painful arc, Empty can/Jobe, external 
rotation against resistance)33

LR+=2.93 Low quality of evidence

LR−=0.34 Low quality of evidence

Internal posterosuperior impingement

  Posterior impingement test37 LR+=5.0 N/A*

LR−=0.29 N/A†

Anterior instability

  Apprehension33 LR+=17.21 Moderate quality of evidence

LR−=0.39 Low quality of evidence

  Relocation33 LR+=5.48 Very low quality of evidence

LR−=0.55 Very low quality of evidence

  Surprise33 LR+=5.42 Very low quality of evidence

LR−=0.25 Very low quality of evidence

  Apprehension + relocation33 LR+=39.68 Moderate quality of evidence

LR−=0.19 Moderate quality of evidence

SLAP

  Biceps load II35 ‡ LR+=26.38 PPV=92.1 Moderate quality of evidence

LR−=0.11 NPV=95.5 Moderate quality of evidence

Biceps- Labrum complex injuries

  O’Brien’s active compression; Inside36 § LR+=1.62 PPV=63.2 Low quality of evidence

LR−=0.27 NPV=77.8 Low quality of evidence

  O’Brien’s active compression; Junctional36 § LR+=2.48 PPV=82.4 Low quality of evidence

LR−=0.15 NPV=77.8 Low quality of evidence

  O’Brien’s active compression; Bicipital tunnel36 § LR+=2.00 PPV=65.7 Low quality of evidence

LR−=0.08 NPV=92.6 Moderate quality of evidence

  Throwing test; Inside36 § LR+=2.32 PPV=71.2 Low quality of evidence

LR−=0.36 NPV=72.1 Low quality of evidence

  Throwing test; Junctional36 § LR+=3.42 PPV=86.5 Moderate quality of evidence

LR−=0.35 NPV=60.5 Low quality of evidence

  Throwing test; Bicipital tunnel36 § LR+=2.09 PPV=66.7 Low quality of evidence

LR−=0.40 NPV=72.1 Low quality of evidence

  Bicipital tunnel palpation; Inside36 § LR+=1.92 PPV=67.2 Low quality of evidence

LR−=0.16 NPV=85.7 Moderate quality of evidence

  Bicipital tunnel palpation; Junctional36 § LR+=3.43 PPV=86.6 Moderate quality of evidence

LR−=0.09 NPV=85.7 Moderate quality of evidence

  Bicipital tunnel palpation; Bicipital tunnel36 § LR+=2.24 PPV=68.2 Low quality of evidence

LR−=0.04 NPV=96.4 Moderate quality of evidence

  Yergasons test; Inside36 § LR+=2.13 Low quality of evidence

LR−=0.76 Low quality of evidence

  Yergasons test; Junctional36 § LR+=6.57 Low quality of evidence

LR−=0.83 Low quality of evidence

  Yergasons test; Bicipital tunnel36 § LR+=12.43 Moderate quality of evidence

LR−=0.75 Low quality of evidence

MRI or ultrasound used as reference standard

Rotator cuff injury

  Painful Arc34 LR+=3.70 Low quality of evidence

LR−=0.36 Low quality of evidence

  Gerber/Lift- off test34 LR+=1.40–1.50 Very low quality of evidence

LR−=0.63–0.85 Very low quality of evidence

  External rotation against resistance34 LR+=2.60 Low quality of evidence

LR−=0.49 Low quality of evidence

  Full can34 LR+=2.40 Low quality of evidence

LR−=0.37 Low quality of evidence

  Empty can/Jobe34 LR+=1.30 Very low quality of evidence

LR−=0.64 Very low quality of evidence

Continued
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predicting a positive or negative arthroscopic examination, respec-
tively (very low quality of evidence).

Biceps labral complex injuries
Based on one study35 (n=127), the Biceps Load II test showed 
high diagnostic accuracy when positive (LR+=26.38) and 
negative (LR−=0.11) in predicting a positive and nega-
tive arthroscopic examination, respectively (moderate 
quality of evidence). The diagnostic accuracy of the three- 
pack test (active compression, throwing test and bicipital 
tunnel palpation) was investigated for three anatomically 
different locations in the shoulder joint (inside, junctional 

and bicipital tunnel) in 116 patients.36 Active compression 
in the bicipital tunnel showed high diagnostic accuracy when 
negative in ruling out injury on arthroscopic examination 
(LR−=0.08) (moderate quality of evidence). Bicipital tunnel 
palpation junctional showed high diagnostic accuracy when 
negative in ruling out injury on arthroscopic examination 
(LR−=0.09) (moderate quality of evidence). Bicipital tunnel 
palpation on the bicipital tunnel showed high diagnostic 
accuracy when negative in ruling out injury on arthroscopic 
examination (LR−=0.04) (moderate quality of evidence). 
For the remaining locations (inside and junctional), low to 
moderate diagnostic accuracy (LR+=1.62 to 3.43, LR−= 

Table 2 Prevention of shoulder injuries: effect and grading the quality of evidence

Outcomes

Effect size

Effect (95% CI) Large Moderate Small

Risk of shoulder injuries

  Oslo Sports Trauma Research Centre Shoulder Injury Prevention 
programme versus usual care; n=660, male/female handball1

All shoulder injuries OR=0.72 (0.52 
to 0.98)

Moderate quality of 
evidence

Substantial shoulder injuries
OR=0.78 (0.53 to 1.16)

Moderate quality of 
evidence

Risk of shoulder injury

  Throwing injury prevention programme versus usual care; n=237, 
male/female baseball43

HR=0.48 (0.21 to 1.08) Moderate quality of 
evidence

  The Shoulder Control programme versus usual care; n=465, male/
female handball47

HRR=0.44 (0.29 to 0.68) Moderate quality of 
evidence

  FIFA 11+ shoulder prevention programme versus usual care; 
n=726, male football44

IRR=0.28 (0.13 to 0.60) Moderate quality of 
evidence

  Intervention including Sleeper’s stretch versus usual care; n=46, 
male baseball50

HR=0.35 (0.13 to 0.94) Very low quality of 
evidence

  Intervention including Sleeper’s stretch and prone shoulder 
external rotation exercise versus usual care; n=60, male baseball50

HR=0.47 (0.20 to 1.10) Very low quality of 
evidence

  TennisReady programme, versus usual care; n=579, male/female 
tennis49

OR=0.96 (p=0.93) Low quality of 
evidence

  Intervention including stretching and rubber band strengthening 
exercises versus usual care; n=579, male/female handball48

Absolute risk reduction=−2.5%(−10.3 
to 5.4)

Low quality of 
evidence

No of shoulder pain episodes

  Intervention including functional exercises using resistance bands 
or dumbbells versus usual care; n=26, male/female swimming45

Between- group difference in no of 
shoulder pain episodes=2.8 (CI not 
reported), p=0.02

Low quality of 
evidence

Patient- reported shoulder pain

  Intervention including shoulder strengthening exercises versus 
usual care, n=106, female handball46

Between group difference in VAS=0.1 
(CI not reported), p=0.746

Moderate quality of 
evidence

HR, hazard ratio; HRR, hazard rate ratio; IRR, incidence rate ratio; VAS, Visual Analogue Scale.

Clinical test
Likelihood 
ratio

Positive and 
negative 
predicative 
values

Diagnostic accuracy

High* Moderate Low/very low

Full rotator cuff rupture

  External rotation lag34 LR+=7.20 Low quality of evidence

LR−=0.57 Low quality of evidence

  Internal rotation lag34 LR+=5.60 Low quality of evidence

LR−=0.04 Moderate quality of evidence

  Drop sign34 LR+=3.20 Low quality of evidence

LR−=0.35 Low quality of evidence

*Tests that are considered to highly important in the choice of treatment were only downgraded one step in accordance with the GRADE approach for diagnostic studies.
†The article by Meister et al was not obtained in full text hindering risk of bias assessment.
‡Prevalence of SLAP injury=30.7%.
§Prevalence of biceps- labrum complex injuries=70%.
GRADE, Grading of Recommendations Assessment, Development, and Evaluation; LR−, negative likelihood ratio; LR+, positive likelihood ratio; NPV, negative predictive value; PPV, positive 
predictive value.

Table 1 Continued
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0.16 to 0.40) were observed for all tests (low to moderate 
quality of evidence).

Rotator cuff injury
Four studies, including five clinical tests for rotator cuff 
injury (painful arc, gerber/lift- off test, external rota-
tion against resistance, full can, empty can/Jobe), were 
included.34 All tests showed low diagnostic accuracy when 
positive (LR+=1.30 to 3.70) and negative (LR−=0.36 to 

0.85) in predicting positive or negative rotator cuff injury 
on ultrasound or MRI, respectively (very low to low quality 
of evidence).39–41 One study including three clinical tests for 
full rotator cuff rupture was included.42 External lag rota-
tion for infraspinatus and supraspinatus showed moderate 
diagnostic accuracy when positive (LR+=7.2) and low diag-
nostic accuracy when negative (LR−=0.57) in predicting 
positive and negative rotator cuff rupture on ultrasound, 
respectively (low quality of evidence). Internal rotation lag 

Table 3 Treatment of shoulder injuries: effect and grading the quality of evidence

Injury Effect

Effect size

Large Moderate Small

Subacromial impingement

Intervention including shoulder specific warm- up and 
exercises versus no intervention; n=30, male baseball51

Within- in group baseline and follow- up scores (SD) of pain (NRS)
Intervention
7.88 (1.02) to 3.56 (1.31)
Control
7.71 (0.83) to 8.00 (0.88)

Moderate quality of 
evidence

Intervention including strengthening exercises (no 
comparator group); n=47; male/female mixed sports55

Within- in group baseline and follow- up scores (SD) of pain and 
function (SPADI)
29.86 (17.03) to 11.7 (13.78)

Very low quality of 
evidence

Supraspinatus tendinopathy

Interventions including hyperthermia or ultrasound 
versus passive stretches; n=37, male/female mixed 
sports54

Within- in group baseline and follow- up scores (SD) of pain (VAS)
Hyperthermia
5.96 (0.83) to 1.2 (0.63)
Ultrasound
6.3 (0.86) to 5.15(0.87)
Passive stretches
6.1(0.89) to 4.9(0.88)

Moderate quality of 
evidence

Interventions including hyperthermia or ultrasound 
versus passive stretches; n=37, male/female mixed 
sports54

Within- in group baseline and follow- up scores (SD) of physical 
function (Constant and Murley score)
Hyperthermia
58.6 (3.9) to 82.0 (5.7)
Ultrasound
58.9(2.8) to 61.8(4.2)
Passive stretches
59.5 (2.7) to 63.3 (5.6)

Moderate quality of 
evidence

Shoulder pain

Intervention including anteroposterior mobilisation of 
the shoulder joint vs manual treatment versus attention; 
n=31, male/female overhead athletes52

Within- group changes (95% CI) of pain (NRS)
Mobilisation
0.6 (0.1 to 1.1)
Manual treatment
0.0 (0.0 to 0.3)
Attention
0.2 (−0.2 to 0.7)

Moderate quality of 
evidence

Intervention including anteroposterior mobilisation 
of the shoulder joint versus manual treatment versus 
attention; n=31, male/female overhead athletes52

Within- group changes (95% CI) of physical function (DASH)
Mobilisation
0.3 (−2.7 to 3.4)
Manual treatment
0.5 (−0.3 to 1.3)
Attention
0.7 (−0.6 to 2.0)

Moderate quality of 
evidence

Intervention including posture correcting exercises 
versus no intervention; n=28, swimming53

Within- in group baseline and follow- up scores (SD) of physical 
function and pain (ASES)
Intervention
Right shoulder: 89.1 (11.2) to 89.3 (14.6)
Left shoulder: 89.9 (11.4) to 91.1 (10.6)
Control
Right shoulder: 90.8 (11.7) to 86.4 (17.9)
Left shoulder: 90.7 (12.4) to 86.9 (15.5)

Low quality of 
evidence

Intervention include strengthening exercises (no 
comparator group); n=29, male/female overhead 
athletes56

Within- in group baseline and follow- up scores (SD) of pain (VAS)
3 months follow- up:
7.5 (2.3) to 3.4 (1.8)
6 months follow- up:
7.5 (2.3) to 2.9 (2.1)

Very low quality of 
evidence

Intervention including scapula- focused stretching and 
strengthening exercises (no comparator group); n=31, 
male/female volleyball57

Within- in group baseline and follow- up scores (SD) of pain (VAS)
3 months follow- up:
7.2 (1.3) to 2.4 (1.8)
6 months follow- up:
7.2 (1.3) to 2.6 (1.4)

Very low quality of 
evidence

ASES, The American Shoulder and Elbow Surgeons Shoulder Score; DASH, Disabilities of the Arm, Shoulder, and Hand; NRS, Numeric Rating Scale; SPADI, Shoulder Pain and Disability Index; VAS, 
Visual Analogue Scale.
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test for subscapularis showed moderate diagnostic accu-
racy when positive (LR+=5.6) and high diagnostic accu-
racy when negative (LR−=0.04) in predicting positive and 
negative rotator cuff rupture on ultrasound, respectively 
(moderate quality of evidence). Lastly, the drop- sign for 
infraspinatus and supraspinatus showed low diagnostic 
accuracy (LR+=3.2, LR−=0.35) in predicting positive and 
negative rotator cuff rupture on ultrasound (low quality of 
evidence).

Domain 2: prevention
A total of 932 studies were identified in the literature search. 
No systematic reviews were identified. Eight RCTs1 43–49 and 
one prospective study50 were included (table 2). The highest 
quality of evidence for a preventative effect was observed 
for Oslo Sports Trauma Research Center (OSTRC) Shoulder 
Injury Prevention programme,1 the Shoulder Control 
programme,47 a throwing injury prevention programme43 
and the FIFA 11+ shoulder injury prevention programme 
(moderate quality of evidence).44 Performing the OSTRC 
Shoulder Injury Prevention programme during warm- up 
three times per week for 7 months resulted in 28% lower odds 
of shoulder injuries (OR=0.72 (95% CI 0.52 to 0.98)) and 
22% reduced odds of substantial shoulder injuries (OR=0.78 
(95% CI 0.53 to 1.16)) as measured by the OSTRC Overuse 
Injury Questionnaire, which covers all shoulder injuries 
regardless of time- loss from sport or medical attention.1 The 
Shoulder Control programme focusing on shoulder and trunk 
strength and control, trunk mobility and handball throwing 
load (velocity and frequency) performed three times weekly 
resulted in a 56% lower shoulder injury rate compared with 
usual care (HRR=0.44 (95% CI 0.29 to 0.68)).47 A throwing 
injury prevention programme consisting of stretching, 
mobility exercises and balance exercises performed at least 
once a week during warm- up was superior to a 12- month 
control period in preventing shoulder injuries in young base-
ball players (HR=0.48 (95% CI 0.21 to 1.08)).43 Performing 
the FIFA 11+shoulder injury prevention programme during 
warm- up in all training sessions for 6 months compared with 
usual care resulted in a lower incidence rate of shoulder inju-
ries among soccer goalkeepers (IRR=0.28 (95% CI 0.13 to 
0.60)).44

Domain 3: treatment
A total of 4040 studies were identified in the literature search. 
No systematic reviews were identified. Four RCTs51–54 and 
three prospective studies55–57 including athletes were included 
(table 3).

Subacromial impingement syndrome
Limited evidence was found to guide the treatment of SIS. A 
single RCT51 in male baseball players observed a larger within- 
group reduction in shoulder pain after a programme combining 
warm- up modalities (laser, ultrasound, cycling, and stretching), 
shoulder strengthening exercises, and cool down (stretching, 
ice packs, electrotherapy, compression) performed three times 
per week for 12 weeks compared with no intervention (0–10 
Numeric Rating Scale (NRS) mean (SD): intervention group 
changed from 7.88 (1.02) to 3.56 (1.31); control group from 
7.71 (0.83) to 8.00 (0.88)) (moderate quality of evidence). The 
between- group difference and corresponding 95% CI were not 
reported. A prospective study55 of 47 young athletes showed 
reductions in pain and disability following daily shoulder 

strengthening exercises (Shoulder Pain and Disability Index 
mean (SD): from 29.86 (17.03) to 11.70 (13.78)) (very low 
quality of evidence).

Supraspinatus tendinopathy
One three- arm RCT54 allocated athletes randomly to hyper-
thermia (434 MHz, heating the skin to 38°C–40°C), continuous 
ultrasound (1 MHz, intensity 2.0 w/cm2), or exercise interven-
tion. Hyperthermia and ultrasound were performed three times 
per week for 30 min for 4 weeks, while the exercise interven-
tion was performed twice daily for 4 weeks. The effect of the 
intervention on pain and physical function was measured at 
end- of- the intervention using the mean of three Visual Analogue 
Scale scores (VAS) (at night, at rest and with movement, respec-
tively), and the Constant and Murley score, respectively. The 
group receiving hyperthermia experienced significant improve-
ments in pain (within- group change (SD): VAS 5.96 (0.83) to 
1.2 (0.63), p=0.03) and physical function (within- group change 
(SD): from Constant and Murley score 58.57 (3.92) to 82 (5.73). 
The remaining groups experienced smaller and non- significant 
improvements in pain and physical function (moderate quality 
of evidence).

Shoulder pain
Two RCTs52 53 and two prospective studies56 57 were included. 
The highest quality of evidence was found for an intervention of 
one session of anteroposterior mobilisation of the glenohumeral 
joint compared with massage and attention controls in improving 
pain and physical function in 31 athletes from different sports.52 
The group receiving anteroposterior mobilisation experienced 
a statistically significant reduction in shoulder pain measured 
using an 11- point NRS (within- group change (95% CI): 0.6 (0.1 
to 1.1)) at end- of- intervention (moderate quality of evidence). 
The remaining groups experienced smaller and non- significant 
reductions in shoulder pain (manual contact: 0.0 (0.0 to 0.3), 
attention control: 0.2 (−0.2 to 0.7)). None of the group expe-
rienced a statistically significant improvement in physical func-
tion measured using the Disabilities of the Arm, Shoulder, and 
Hand (mobilisation: 0.3 (- 2.7 to 3.4), manual contact: 0.5 (- 0.3 
to 1.3), attention control: 0.7 (- 0.6 to 2.0)) (moderate quality 
of evidence). The remaining studies provided low to very low 
quality of evidence for the effect of posture correcting exercises, 
strengthening exercises, and a combination of strengthening and 
stretching exercises on pain and physical function.53 56 57

DISCUSSION
The following paragraphs discuss the statements for diagnosis, 
prevention, and treatment, including the limitations in the 
existing literature.

Diagnosis
Diagnostic accuracy was based on studies with mixed populations 
with heterogeneous sex, age and activity levels but with clinical 
presentations likely comparable with athletes with shoulder inju-
ries. High diagnostic accuracy was observed for 10 tests covering 
anterior instability, SLAP injuries and biceps- complex injuries. 
The positive apprehension test had the largest LR+ (17.21) of 
the three most commonly used anterior instability tests, which 
means that a positive test is highly effective at ruling in ante-
rior instability.33 Conversely, there is uncertainty about whether 
a negative test rebuts anterior instability in patients who do not 
have anterior instability verified by arthroscopy. The combi-
nation of the apprehension and relocation tests was evaluated 
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in traumatic anterior shoulder instability and showed an even 
higher LR+.58 Overall, the use of the apprehension test has 
good clinical utility for diagnosing anterior shoulder instability. 
The three- pack test for biceps- labrum complex injuries has been 
presented with test performances related to the exact point of 
interest (bicipital tunnel, inside, junctional), with varying diag-
nostic accuracy. Regrettably, no data is available concerning the 
combination of the three tests, although the name could indicate 
that it is a test battery and intended to be used as such. However, 
from a clinical perspective, the data supports the relevance of 
the three- pack tests to rule out an injury, while we propose that 
a positive test must be interpreted with caution. The Biceps Load 
II test had a high LR+and low LR− for ruling in and out a SLAP 
injury in patients with shoulder pain and can be either performed 
alone or after a positive test in one or more of the three three- 
pack tests. The internal rotation lag test had a low LR− to rule 
out rupture of the subscapularis muscle, and moderate diagnostic 
accuracy was observed for the internal rotation lag and external 
rotation lag for supraspinatus and infraspinatus. The diagnostic 
tests available for subacromial impingement, internal postero-
superior impingement, and rotator cuff injury (not rupture) 
showed low to very low diagnostic accuracy and low quality 
of evidence, and their utility in correctly identifying injury is 
therefore questionable. Concerning subacromial impingement, 
the diagnosis describes the clinical entity of a painful and func-
tionally impaired shoulder usually experienced when combining 
shoulder elevation and rotation. Current data do not support 
the use of the Composite test, and this corresponds well with 
the unknown pathogenesis of the injury. Diagnostic ultrasound 
may be a valuable supportive tool in the clinical assessment of 
shoulder injuries in sport to evaluate structural integrity.59

Prevention
Eight studies investigating the prevention of the selected 
shoulder injuries were identified, with six including overhead 
athletes (three handball and three baseball). Four studies had a 
moderate quality of evidence: (1) The OSTRC Shoulder Injury 
Prevention programme (moderate effect size) aims to increase 
internal glenohumeral rotation, external rotation strength and 
scapular muscle strength, as well as improve kinetic chain and 
thoracic mobility.1 However, the exercise programme did not 
affect the risk factors external rotation strength and internal rota-
tion range of motion.60 The preventive effect of the programme 
must therefore be due to other factors; (2) The Shoulder Control 
programme was tested in 15–19 years handball- players with the 
aim of increasing shoulder and trunk strength and control, trunk 
mobility, and handball throwing load by using five principal 
exercises with four progressive levels performed as part of the 
warm- up routine.47 The absolute risk reduction was 11% (95% 
CI 4% to 18%). (3) The throwing injury prevention programme 
(large effect size) was tested in 9–11 years old baseball players and 
consisted of stretching, dynamic mobility and balance training 
during warm- up and showed a 52% injury risk reduction43; (4) 
The FIFA 11+shoulder prevention programme has a large effect 
size and was developed for goalkeepers and consisted of general 
warming- up exercises, exercises to improve strength and balance 
of the shoulder, elbow, wrist and finger muscles, and advanced 
exercises for core stability and muscle control.44 61 The evidence 
of effect of exercise in preventing sports- related shoulder inju-
ries is evolving. Despite few identified studies of moderate 
evidence quality, the effect sizes are comparable to other body 
regions.62 Our findings provide preliminary data to support the 
implementation of shoulder prevention programmes—in line 

with the recommendations from a recent consensus statement 
which concluded that ‘injury prevention programmes/exercises 
are appropriate to prescribe for athletes of all levels to prevent 
shoulder injury’.8 However, three studies of low quality showed 
no preventative effect of exercise- based interventions, suggesting 
that investigations into differences in effects of exercise inter-
vention characteristics (ie, frequency, type, dose, volume) is 
necessary to guide clinical practice. Further, we recognise that 
effective shoulder injury prevention programmes do not always 
directly elicit improvements in modifiable risk factors60 (eg, 
glenohumeral internal rotation deficit, muscular imbalances, or 
scapula dyskinesis),5 6 and that exercise progressions1 44 and exer-
cises individualised to sports- specific movements throughout the 
whole range of motion may be preferable.1 8

Treatment
The low number of studies investigating the treatment of the 
selected shoulder injuries in the athletic population is detri-
mental and calls for action. There was very low to moderate 
quality of evidence for a large effect of exercise- based treatment 
for subacromial impingement and shoulder pain.51 55–57 There 
was moderate quality of evidence of a small effect with manual 
treatment in overhead athletes on reducing shoulder pain on 
short term.52 These findings, although based on little evidence, 
are in line with current weak recommendations for exercise- 
based interventions in the general population to reduce pain and 
increase shoulder function.63 For the treatment of supraspinatus 
tendinopathy, hyperthermia treatment resulted in a large effect 
size in reducing pain and disability compared with ultrasound 
or pendular swinging and stretching exercises (low quality of 
evidence). However, this treatment is rarely used in a clinical 
sports setting and cannot be recommended based on the current 
study.

Limitations and methodological considerations
This paper has some limitations. First, inconsistent terminology 
and lack of consensus on definition and classification of shoulder 
injuries in the existing literature challenged the selection of diag-
noses relevant for inclusion in this position statement. As such, 
we included diagnoses with different mechanisms and presenta-
tions that may represent the spectrum from acute, sudden- onset 
injuries to repetitive, gradual- onset injuries, including shoulder 
pain. Although we were unable to identify whether shoulder 
injuries in the individual studies may be the result of trauma 
or (in)direct contact mechanisms, we excluded diagnoses likely 
to be solely of traumatic origin (ie, dislocations and fractures). 
Furthermore, we emphasise that shoulder injuries are often not 
restricted to single structures, but may involve multiple struc-
tures, which may confound a test specific to a single tissue or 
dysfunction. Chronic shoulder injuries, SIS, supraspinatus tend-
inopathy, and shoulder pain may be considered within the same 
spectrum, challenging separate categorisation.

Most studies included a majority of young male athletes. As 
such, our results may have limited application to female athletes 
and athletes above the age of 25. In addition, none of the included 
studies reported data on race, socioeconomic status or other 
social determinants, thus hindering an evaluation of the appli-
cability of the findings according to these characteristics. Future 
studies should prioritise the inclusion of more diverse samples 
and report more detailed information on athlete characteristics.

We selected a sample of clinical tests that reflected current 
best practice for the included shoulder injuries. However, we 
acknowledge the vast number of tests available in the literature. 
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Furthermore, as limited evidence was available to guide the 
diagnosis of shoulder injuries in athletes, we included diagnostic 
studies of non- athlete populations, but we believe it is unlikely 
that these tests perform very differently in athlete than in non- 
athlete populations.

Finally, we did not perform risk of bias assessments of the indi-
vidual studies if an assessment was already available as part of 
a systematic review. This was chosen a priori to acknowledge 
the original study findings but may introduce risk of bias, and 
potential rating discrepancies may exist due to differences in 
interpretation of risk of bias domains. However, since GRADE 
represents an overall assessment encompassing several domains 
and thus does not rely only on risk of bias,24 potential discrepan-
cies are unlikely to change the quality of evidence provided in the 
present statement paper. As we were unable to pool individual 
study results, inconsistency was not reported in the GRADE 
assessments. As such, the quality of evidence may change when 
future studies are published and compared with the current body 
of literature.

CONCLUSION
We have graded the quality of evidence concerning diagnosis, 
prevention and treatment of common shoulder injuries and 
provide a comprehensive and up- to- date summary of the best 
available evidence. High diagnostic accuracy was observed for 
10 tests covering anterior instability, SLAP injuries and biceps- 
complex injuries, and these can be used confidently in a clin-
ical setting. For prevention, based on a few high- quality studies, 
implementing a shoulder injury prevention programme showed 
a moderate to large effect size in reducing the risk of shoulder 
injuries compared with no intervention. For the treatment of 
the selected shoulder injuries, choosing an active rehabilitation 
programme seems to be beneficial compared with passive modal-
ities in reducing pain and disability. However, the evidence for 
most estimates were graded very low to moderate, indicating 
that future high- quality research may alter our findings.
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Överbelastningsskador - incidence, 

prevalence

Vilka strukturer är vanligtvis involverade

Uppkomstsmekanismer

Prevention av överbelastningsskador

Rehabilitering och return to sport efter

överbelastningskada
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Schwank et al. JOSPT 2022

0.07/1000 AE (practice)

0.13/1000 AE (competition)
(Bonza et al 2007)

Shoulder injuries 

in athletes

martinasker

8.1/1000 participant years M

3.4/1000 participant years F

(Sallis et al. 2001)

Season prevalence of 

shoulder pain 20-70%

(Feijen et al 2020)

0.33-0.50/1000 playing hours

(Yung et al 2007)

Season prevalence of 

shoulder pain 42%

(Ranson et al. 2008)

1.4/1000 playing hours

(Möller et al. 2017)

Season prevalence of 

substantial shoulder problems 

23-24%

(Clarsen et al. 2014, Asker et al. 

2018)

7.2/1000 participant years M

5.2/1000 participant years F

(Sallis et al. 2001)

0.7/10 000 AE (practice)

1.3/10 000 AE (competition)
(Bonza et al 2007)

1.6/10 000 AE (practice)

2.4/10 000 AE (competition)
(Bonza et al 2007)

Season prevalence of 

shoulder pain 18% 
(Matsuura et al 2017)
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Elbow/wrist injuries 

in athletes

martinasker

E: Pro 4% Amateurs 24% 

W: Pro 30%  

(Creighton et al. 2022)

0.2-0.3/1000 hours

(Shoeb et al 2020)

3-4% of all roprted injuries 

(Chandran 2021

Adolescent

E: 3% of all reported injuries

W: 7% of all reported injuries

(Tisano et al 2022)

W: 31% life time prevalence

(Wilber et al. 1994)

Season prevalence of 

substantial elbow problems 

E: 9% W:?

(Asheim et al. 2016)

E: Wo 1.9 Men 3.9 /1000 ME

W: 5.7/1000 ME

(Sell et al. 2012)

E: 6-month prevalence 18%

W: 6-month prevalence 6%

(Grönhaug et al 2018)

E: 4.3/10 000 AE

W: 40% of all injury in HS 
(Lau et al. 2022, Hassebrock et al 

2007)

Vilka strukturer är

vanligtvis involverade?

Roberto Schmidt /AFP/Getty Images)@martinasker

SHOULDER ANATOMY

Roberto Schmidt /AFP/Getty Images)
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Roberto Schmidt /AFP/Getty Images)(Handball Medicine: Basic science, injury management and return to sport, Springer 2018)

Most common diagnosis - the sporting shoulder

Roberto Schmidt /AFP/Getty Images)(Handball Medicine: Basic science, injury management and return to sport, Springer 2018)

Most common diagnosis - the sporting shoulder
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Characteristic history and clinical findings for the most common shoulder diagnosis in handball 

(Handball Medicine: Basic science, injury management and return to sport, Springer 2018)

Roberto Schmidt /AFP/Getty Images)

Assessment of the sporting shoulder

Characteristic history and clinical findings for the most common shoulder diagnosis in handball 

(Handball Medicine: Basic science, injury management and return to sport, Springer 2018)

Roberto Schmidt /AFP/Getty Images)#thehandballshoulder@martinasker

Assessment of the sporting shoulder

Most common diagnosis - the sporting elbow

• Lateral/medial epicondylitis/algia

• UCL strain (“Little’s league elbow”)

• Goalie's elbow (OCD)

• Instability
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Most common diagnosis - the sporting wrist

• Triangular Fibro Cartilage Complex (TFCC)

• Flexor/extensor/ulnar/radial tendinitis 

• Instability

Uppkomstmekanismer

Roberto Schmidt /AFP/Getty Images)@martinasker

Traction force on the shoulder during 

throwing motions

Female cricket fast bowlers

92% (+/- 15) body weight

Stuelecken et al. 2010

Male baseball pitchers

108% (+/- 16) body weight

Werner et al. 2001

Female softball pitchers

80% of (+/- 22) body weight

Werner et al. 2006

#thehandballshoulder@martinasker
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Shoulder strength  
(Edouard et al 2013, Clarsen et al 2014, Andersson et al 2017, Møller et al 2017, Forthomme

et al 2018, Achenbach 2019, Asker et al 2020)

Scapula dyskinesis
(Clarsen et al 2014*, Andersson et al 2017**, Møller et al 2017*, Achenbach 2019**, Asker et 

al 2019*)

Mobility: TROM, ER, IR 
(Clarsen et al 2014*, Andersson et al 2017*, Achenbach 2019* Møller et al 2017**, Asker et al 

2020**)

Rapid increase in handball load
(Møller et al 2017, Asker et al unpublished)

Summary of factors associated with shoulder 

problems in handball players

* **

* **

Roberto Schmidt /AFP/Getty Images)
@martinasker

Strength

Isometric ER

Isometric IR

Isometric ABD

Eccentric ER

(Cools et al 2014, Clarsen et al 

2014, Johansson et al. 2015)

ROM

ER

IR

Total ROM 

(Cools et al 2014)

Scapular dyskinesia 

during flexion and

Abduction (yes or no)

(Asker et al. 2017) 

Objective shoulder assessment

#thehandballshoulder@martinasker

Players who increased their weekly handball load by 60% or more had twice as high 

the risk of sustaining a shoulder injury compared to players who did not increase in 

their weekly handball load above 20% (HR) 1.9 (95% CI 1.0-3.7)

Players with scapular dyskinesis or reduced external rotational strength had a higher 

risk for shoulder injuries already at a 20-40% increase in their weekly handball load. 

#thehandballshoulder@martinasker
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A case example of a 15 years old elite female 

player – Handball load during the summer break
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@martinasker

Shoulder strength  

Mobility: TROM, IR, flexion 

Number of pitches per week

Higher throwing velocity   

(Agresta et al. 2019)

Other factors suggested to be associated with elbow injuries: 

Grip strength, racquet size, forearm strength, sex,  

Summary of factors associated with elbow pain in 

throwers (baseball) 

Roberto Schmidt /AFP/Getty Images)
@martinasker

Factors suggested to be associated with wrist injuries:

- Grip strength

- Racquet size

- Shoulder, elbow and forearm strength

- Sex

- Previous injury, 

Summary of factors associated with wrist pain in 

in sport?

Roberto Schmidt /AFP/Getty Images)
@martinasker
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Prevention av

överbelastnings-

skador i övre

extremitet

Roberto Schmidt /AFP/Getty Images)@martinasker

Gettys images

Can we prevent all 
shoulder injuries in 

every sport?

Reducing shoulder injuries 

in throwers

HOW?

1 Based on the current research, focus should be on 

increasing shoulder ER strength (Scapula control) 

and avoiding spikes in throwing load

2 Prevention strategies should be introduced at

early stage i.e. before the age of 14

#thehandballshoulder@martinasker
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Shoulder injury prevention

Shoulder injury 

prevention

Roberto Schmidt /AFP/Getty Images)@martinasker

Programme n Risk/Odds 95% CI/p-value

OSTRC Shoulder Injury Prevention programme 660 OR 0.78 (0.53-1.16)
Swedish Shoulder Control 465 HRR 0.44 (0.29-0.68)

FIFA 11+ 720 IRR 0.28 (0.13-0.60)

TennisReady programme 579 OR 0.96 (p=0.93)

Baseball - Stretch/ER strengthening 60 HR 0.47 (0.20-1.10)
Baseball - Stretch/ER strengthening 46 HR 0.35 (0.13-0.90)

Liaghat et al. JOSPT 2022

Shoulder Control -
Handball

1. Shoulder strength

2. Shoulder coordination/mobility

3. Trunk strength

4. Trunk mobility

5. Kinetic chain

6. Progressive throwing programme

www.handballresearchgroup.com
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Results
Shoulder Control 
handball

• In total 100 new shoulder injuries
(83% with gradual onset)

• Plyayers in the Shoulder Control Group had
56% lower risk of shoulder injury compared
to the Control Gorup

• Plyayers in the Shoulder Control Group had a
67% lower weekly prevalence of substantial
shoulder problems compared to the Control
Group

Asker et al. Sports Medicine Open 2022

Shoulder
problems
Shoulder
problems

Elbow/wrist injury 

prevention

Shoulder injury 

prevention

Roberto Schmidt /AFP/Getty Images)@martinasker

Prevention of 
elbow and wrist 
overuse injuries?

• The evidence on prevention is limited

• Based on risk factors and injury mechanisms a
IPEP containing: 

Strengh training drills 

Mobility drills 

Stability drills

Progressive loading program

Taping?

Combined with throwing regulation in youth
sport might be effective for elbow injuries
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Rehabilitering och return to 

sport efter överbelastnings-

skada

Roberto Schmidt /AFP/Getty Images)@martinasker

Excluding tissue-specific diagnosis

1. History

2. Shoulder laxity and instability

3. AC-joint pathology

4. SLAP and biceps pathologies

5. Rotator cuff pathologies 

6. (Primary impingement syndrome)

Diagnosis based on function

(Hegedus et al. 2012)

Assessment of the 

injured shoulder

Roberto Schmidt /AFP/Getty Images)@martinasker

Shoulder laxity and instability

Load n shift

Sulcus sign (neutral/ER)

Passive instability tests

Apprehension test

- Relocation test

- Surprise/release test

Posterior instability test

OBS! Differ between instability and 

laxity! 

Assessment of the injured shoulder

Roberto Schmidt /AFP/Getty Images)@martinasker

SLAP and biceps pathologies

O’Brien’s test

Uppercut test/Speed’s test (+ palpation)

Biceps load II

Apprehension test

AC-joint pathology

Crossbody

Maximal abduction

Yocum test

Palpation

Rotator cuff pathologies 

Resisted movements

Jobe’s test

External rotational lag sign (ERLS)

Internal rotational lag sign (IRLS)

34
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Orthopaedic tests

1. Instability       !!! 

2. AC-joint pathology

3. SLAP and biceps pathologies (ruptures)

4. Rotator cuff pathologies (ruptures) 

5. Primary impingement syndrome 

Diagnosis based on function

Assessment of the injured shoulder

Roberto Schmidt /AFP/Getty Images)@martinasker

Questions we need to ask

- Type of injury - heeling, recovering or “wake up”?

- Instability?

- When/in what positions does it hurt?

- What was the pre-injury status – general and shoulder/elbow/wrist   

specific

- Sport specific - What is the worst thing you will exposure your

shoulder/elbow/wrist to, on a regular basis? KNOW YOUR SPORT!!

Rehabilitation of overuse injuries -

upper extremity 

@martinasker

What kind of functional problem are we facing?

- Instability problem (mechanical/lack of motor control)

- Mobility problem

- Strength problem (power, endurance, force reaction etc.)

All of the above?

Treatment strategies

Roberto Schmidt /AFP/Getty Images)@martinasker
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Rehabilitation and return to sport of the 

overhead athletes

Return to
performance

Return to
full sport

Return to
no limit
practice

Easy sport 
specific tasks

Deloading or “wake up”
& information

General loading

Limited 
on-court
practice 

Dynamic stability
Flexibility
Strength 
Conditioning 

Sport specific adaptation, sport specific skills & return to sport
Bracings/taping?

Overuse
injury

@martinasker

Low load

High load
Dynamic

Static

Closed chain

Open chain

Rehabilitation of the shoulder

@martinasker

Acute/initial phase

- Specific to the diagnosis 

- Adjust loading issues (joint specific and general)

- Inform the patient/parent/coach

- Gradually increase loading in confortable positions e.g.,

- Easy isometric contractions 

- Grip strength 

@martinasker

Treatment plans overuse injuries of the upper 

extremity - shoulder injury as an example

40
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What kind of functional problem are we facing? - Lack of motor control 

- Stability drills in positions that do not aggravate the sensation of instability

- Often start with closed chain drills and/or drills with “stability support”

- Adding perturbation or other stimulating add-on e.g., counting backwards

- Moving on to more sport specific and open chain exercises, e.g., Force reaction

- Psychological readiness e.g., the Tampa Scale for Kinesiophobia

Treatment plans overuse injuries of the upper 

extremity - shoulder injury as an example

Roberto Schmidt /AFP/Getty Images)@martinasker

What kind of functional problem are we facing? - Mobility problem

- Hands on techniques - muscle tension

- Heavy loading in end range position  - joint capsule/ligament adaptation

Roberto Schmidt /AFP/Getty Images)@martinasker

Treatment plans overuse injuries of the upper 

extremity - shoulder injury as an example

What kind of functional problem are we facing? - Strength/loading problem

- Load the shoulder as much, and as early as possible

- Start in a non-aggravating position and move more and more into sport specific 

position, e.g., external and internal rotations 

- Very sport specific - type of strength e.g., power, speed, endurance, reactive 

force, bracing etc

Roberto Schmidt /AFP/Getty Images)@martinasker

Treatment plans overuse injuries of the upper 

extremity - shoulder injury as an example

43
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Intermediate phase – start loading

- More complex strength training/loading (rotations, press, pull) 

- Closed chain          open chain 

- Low load          high load

- Static         dynamic 

- Kinetic chain training: from technique to strength training

Requirements: 

- Pain free isometric contractions

@martinasker

Treatment plans overuse injuries of the upper 

extremity - shoulder injury as an example

Advanced strength training phase

- More aggressive strength training/loading

- Easier power training (light 2-hand medicine ball throws)

- Plyometric training (“drop & catch”, plyometric bars)

- Introducing throwing/striking programme (level 1-3)

Criteria: 

- “Pain free” break test (HHD)

- No pain during exercises or discomfort in the shoulder

- Full pain free ROM

@martinasker

Treatment plans overuse injuries of the upper 

extremity - shoulder injury as an example

Return to throwing

One example of a throwing program for handball players

The program is done every second day. Warm-up and then one set on the previous 
level. 5 minutes break between each set. OBS! These are average numbers.   

@martinasker

46

47

48



26/10/2022

17

Sport specific - Return to heavy throwing/striking-Full practice

- More aggressive sport specific strength training/loading

- Power training (heavier medicine ball throws)

- Advanced acceleration/deceleration training

- Advanced throwing/striking programme (level 4-7)

- Introducing sport specific practice

Criteria:

- “Pain free” throwing/striking programme (level 1-3) “Pain free” break test 

(HHD)

- “No pain” during exercises or discomfort in the shoulder

- Full “pain free” ROM

@martinasker

Treatment plans overuse injuries of the upper 

extremity - shoulder injury as an example

Return to throwing

One example of a throwing program for handball players

The program is done every second day. Warm-up and then one set on the previous 
level. 5 minutes break between each set. OBS! These are average numbers.   

@martinasker

Return to sport after 

overuse injuries 

upper extremity

Roberto Schmidt /AFP/Getty Images)@martinasker
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- Pain free* during break test (ER, IR, ABD) and stronger than the non-

injured side (dominant vs. non-dominant shoulder 1.3:1) ER:IR >0.8

- Pain free* during their full ROM under load 

- Fulfilled the throwing programme without “their pain”

- Restored aerobic capacity (maximal aerobic speed 5-min test)

- Pain free return to throwing test 3 times in one week (1 day rest)

- Super confident of playing match

*(<3/10 NRS) 

Return to sport is not just decided on one test at one point. It is based on a 

test battery performed several times with an adequate assessment of the 

risk of returning to sport. 

RTP after shoulder injury –

Criteria for thrower as an example

Roberto Schmidt /AFP/Getty Images)

Take home message 

overuse injuries in sport

Upper extremity overuse injuries are very common in shoulder/arm sports 

Most common diagnosis are RC and biceps LH tendinopathy, med/lat
epicondylitis, wrist tendinitis and TFCC problems

Several IPEPs has shown to have a large effect on the risk of shoulder 
injury (handball, baseball, soccer), the evidence for elbow and wtrist
injuries are very limited

Know your sport (injury mechanisms, demands and injury profiles)

RTS is a mutual decision based on several factors

Consider athlete/player specific criteria (e.g., playing position, style)

No need to have an overuse injury to make it to the top - it´s quite the 
opposite!

@martinasker

Martin Asker 
PhD, 

Handball Research Group

Department of Health Promotion 

Science,

Sophiahemmet University

Email:martin@handballmedicine.com

@  martinasker

martin.asker

Questions!
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[ consensus statement ]

P
rofessional and amateur athletes alike are burdened 
by shoulder injuries.7,44,48,49,78,88 Shoulder pain affects 
athlete performance, training, and daily life.61,64 
More than half of elite collegiate American football 

players sustain at least 1 shoulder injury during their 
career.48 Shoulder injuries are a problem for athletes in sports as diverse 
as rugby,54 baseball,34 handball,20 diving,73 water polo,73 and kayaking.41

Yet, there is a lack of 
quality evidence to guide 
clinicians, athletes, and 
coaches in managing 
shoulder injury risk or re-
turn to sport (RTS) post 

injury. The absence of quality evidence 
hinders those who wish to produce clinical 
practice guidelines. Previous consensus 
statements have targeted specific shoul-
der pathologies4,31,60,89 and the scapula.50 
However, questions remain:
• Which exercises are most appropriate 

for supporting primary prevention of 
shoulder injury in athletes?

• Does screening for muscle weakness, 
such as a loss of rotational strength in 
the shoulder, hold value for athletes?

• Which load management measures 
are relevant for the athlete with shoul-
der injury?

	U SYNOPSIS: There is an absence of high-quality 
evidence to support rehabilitation and return-to-
sport decisions following shoulder injuries in ath-
letes. The Athlete Shoulder Consensus Group was 
convened to lead a consensus process that aimed 
to produce best-practice guidance for clinicians, 
athletes, and coaches for managing shoulder 
injuries in sport. We developed the consensus via 
a 2-round Delphi process (involving more than 40 
content and methods experts) and an in-person 
meeting. This consensus statement provides guid-
ance with respect to load and risk management, 
supporting athlete shoulder rehabilitation, and 

decision making during the return-to-sport pro-
cess. This statement is designed to offer clinicians 
the flexibility to apply principle-based approaches 
to managing the return-to-sport process within a 
variety of sporting backgrounds. The principles 
and consensus of experts working across multiple 
sports may provide a template for developing 
additional sport-specific guidance in the future. 
J Orthop Sports Phys Ther 2022;52(1):11-28. 
doi:10.2519/jospt.2022.10952

	U KEY WORDS: consensus statement, rehabilita-
tion, return to sport, shoulder injury
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[ consensus statement ]
• What is best-practice rehabilitation 

for the athlete with shoulder injury?
• Which criteria should guide quality 

RTS decisions?
Sportfisio Swiss (the Swiss Sports 

Physiotherapy Association), supported 
by the Journal of Orthopaedic & Sports 
Physical Therapy (JOSPT), convened a 
consensus development group to synthe-
size evidence and establish best practice in 
shoulder injury prevention, rehabilitation, 
and RTS. The group’s remit was to develop 
a principle-based framework to guide peo-
ple who contribute to managing shoulder 
injury in different sports. The framework 
covers 4 key concepts: (1) managing injury 
risk, (2) managing and progressing load, 
(3) rehabilitation, and (4) RTS.

Methods
This statement follows the principles 
outlined in the 2016 Bern consensus on 
RTS.5 Fundamental definitions and prin-
ciples that underpin RTS for athletes are 
contained in the original statement, and 
we encourage the reader to review the 
Bern consensus. Consistent with the Bern 

consensus recommendations, we devel-
oped our framework through the lens 
of RTS as a continuum, paralleled with 
rehabilitation.5

Consensus Process
We employed a modified Delphi process 
because (1) the approach afforded ano-
nymity and (2) allowed us to include a 
large group of international experts.65 We 
aimed to work toward agreement without 
forcing consensus. Therefore, we did not 
prespecify the number of rounds required 
for consensus. This is a normal part of a 
consensus process and allows important 
differences in clinical care to surface.27

We modified the standard Delphi pro-
cess (FIGURE 1) to encompass a 2-step pro-
cess: first, we conducted and completed 2 
rounds of an online Delphi survey, where 
we established areas of consensus, non-
consensus (experts have mixed responses), 
and dissent (all experts are in consensus 
disagreement with a statement). Second, 
a smaller group of international experts 
(who had participated in the Delphi pro-
cess) participated in an in-person meeting 

to discuss, elaborate, and provide further 
guidance on topics of nonconsensus. All 
in-person experts were invited speakers 
at the symposium “Shoulder & Sports” 
hosted by Sportfisio Swiss.

The in-person meeting took place on 
November 21, 2019 in Bern, Switzerland, 
1 day before the symposium. Members 
of the in-person meeting participated 
in a 6-hour discussion, chaired by con-
sensus committee organizers (A.S., P.B., 
and C.L.A.) and also hosted by Sportfisio 
Swiss. Experts at the in-person meet-
ing received information on the points 
of consensus, nonconsensus, and dis-
sent after Delphi round 2 (online sur-
vey). In-person discussion focused on 
crystallizing agreement from the Delphi 
survey and surfacing additional areas 
of nonconsensus to highlight for future 
research. There was no formal voting at 
the in-person meeting, and all points of 
consensus, unless otherwise stated, were 
formed from the wider Delphi survey.

Experts renowned for clinical and/or 
research excellence in shoulder conditions 
in athletes were invited to participate in 
the Delphi process (the 2 online surveys). 
There are different approaches to recruit-
ing participants to Delphi panels, and no 
agreement on which method is best.13 We 
aimed to balance research and clinical 
experience, sex, nationality, and profes-
sional representation. We identified and 
contacted people with a clinical and/or 
research profile (ie, those who had pub-
lished in peer-reviewed scientific journals 
on topics related to shoulder injury in 
athletes or presented at sports medicine/
sports rehabilitation conferences on topics 
related to shoulder injury in athletes); we 
constructed a long list of potential partici-
pants, then consulted sports physical ther-
apy leaders in professional organizations 
for their input and feedback on our long 
list. Next, we contacted all people on the 
long list and invited them to participate. 
Invitations were sent via e-mail, with an 
information sheet detailing the purpose, 
commitment required by participants, 
and benefits of participation (a copy can 
be provided on request to the correspond-

Design
Review relevant literature and 

design Delphi questionnaire/ 
statements

Recruit
Identify key end-user groups 

to participate in the Delphi 
process (n = 44)

Collate
Collate results from Delphi round
1. Formulate new statements based 

on additional themes and 
feedback from round 1

Meet
Move issues that did not reach 

consensus forward to discussion 
in person with experts (n = 10)

Delphi 1
Send Delphi round 1 invitations 

(n = 44) and questionnaires 
(n = 42 returned)

Delphi 2
Send Delphi round 2 invitations 

(n = 39) and questionnaires 
(n = 32 returned)

FIGURE 1. Flow chart depicting the modified Delphi process.
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ing author). If anyone declined participa-
tion, we asked that person to nominate at 
least 1 other person whom we should ap-
proach to participate.

Participants for the in-person meeting 
were selected by the Sportfisio Swiss con-
ference organizing committee as speakers 
for the 2019 conference.

Gathering Information
To obtain information required to con-
struct the statements included in the 
first Delphi round, we reviewed evidence 
for managing shoulder injuries in ath-
letes of all ages and participation levels. 
Database (Embase, MEDLINE, SPORT-
Discus, Cochrane Database of Systematic 
Reviews, and Cochrane Central Register 
of Controlled Trials) and gray literature 
searches (Google Scholar, to July 2019) 
were conducted. Articles were extracted 
and reviewed by the consensus commit-
tee organizers (A.S., P.B., and C.L.A.), 
prioritizing systematic reviews, clinical 
practice guidelines, and original research 
(in that order). Search terms were pur-
posefully broad, using “‘shoulder’ AND 
‘return to sport OR play OR activity.’” 
Articles that mentioned prevention, re-
habilitation, or management of shoulder 
injuries in athletes were included for re-
view. Articles with no mention of shoul-
der injury prevention or management in 
a sporting context and papers focused 
solely on surgical management of shoul-
der injuries in athletes were excluded.

Designing and Revising the Delphi 
Statements for Each Round
We used thematic analysis to identify key 
themes from the literature search. The 
themes then informed the specific state-
ments we constructed for the Delphi ques-
tionnaire (supplemental file). There was a 
need for separate statements due to the 
different demands placed on the shoulder 
by different sports. Therefore, we created 
2 separate groups of questions focused on 
(1) athletes in overhead or throwing sports 
and (2) athletes in collision sports. The 
questionnaire was piloted by an experi-
enced clinician-researcher (M.B.).

Round 1 of the Delphi process had 54 
questions focused on:
• Risk factors and injury risk reduction
• Training load
• Rehabilitation and management of 

the scapula
• The rotator cuff, the postdislocation 

shoulder, or general instability
• Sport-specific rehabilitation and 

progression
• RTS criteria

To ascertain whether there was con-
sensus agreement with a statement, we 
used an 11-point scale (0-10), with an av-
erage (mean) rating among experts of 7 
of 10 set as the threshold for consensus. 
After analyzing the feedback provided by 
participants following round 1, we de-
veloped additional questions for round 
2 and added them to the questions that 
failed to reach consensus in round 1. 
Round 2 comprised 25 questions; 39 ex-
perts participated. See the supplemental 
file for detailed statistics of respondent 
numbers and experts included in all Del-
phi rounds and the in-person meeting.

Terminology and Structure of the 
2022 Consensus Statement
There is a wide variety of demands on the 
sporting shoulder. To account for these 
demands, we considered type of sport: 
above shoulder height, with or without 
throwing; below shoulder height, with 
or without throwing; and reverse chain. 
A reverse-chain sport is one where the 
upper limbs act primarily as the point of 
contact with the environment or playing 
surface, directly or indirectly (eg, climb-
ing or rowing via use of an oar). We also 
accounted for whether sports involved 
contact or “collision” (FIGURE 2).

We intend the content of this consen-
sus statement to apply to all sports and 
all athletes. The consensus is presented 
in 4 main sections: (1) managing injury 
risk, (2) managing and progressing load, 
(3) shoulder injury rehabilitation, and (4) 
evidence to inform RTS decisions.

We outline and highlight the points of 
consensus or dissent from Delphi round 
1, Delphi round 2, and the in-person 

meeting in each section. All “consensus 
points” throughout the statement were 
derived from the larger Delphi survey.

Section 1: Prevention Is Better 
Than Cure—Managing Injury Risk 
in Athletes With or Without a 
History of Shoulder Injury
Approaches to injury prevention vary dra-
matically between sports and between in-
juries. Preventing further injury following 
an acute trauma (eg, dislocation) will dif-
fer from the approach to prevent an over-
use injury. Therefore, we have attempted 
to outline principles rather than prescribe 
a “recipe.” There is inevitable overlap be-
tween primary and secondary injury pre-
vention. Applying the injury prevention 
principles in practice can help guide clini-
cians and coaches to the highest-priority 
risks, such as the need to address training 
load factors following an overuse injury 
versus the need to address a progressive 
return to collisions following a glenohu-
meral dislocation in a contact sport. In 
this section, we also address preinjury 
screening and shoulder injury prevention 
programs and their implementation.

Therefore, this section on managing 
shoulder injury risk comprises 4 sub-
sections: (1) what is known and what is 
unknown about risk factors for shoulder 
injury in athletes; (2) screening the ath-
lete’s shoulder; (3) managing injury risk 
with primary and secondary prevention 
exercise programs; and (4) implementing 
injury prevention exercise programs.

What Is Known and What Is 
Unknown About Risk Factors for 
Shoulder Injury in Athletes
Knowing the risk factors for injury sup-
ports successful management of shoulder 
injuries in sport.23,35 Attempts have been 
made to ascertain specific risk factors in 
sports such as handball,8 and to predict 
who might suffer reinjury following acute 
trauma such as a dislocation.67 Results 
are conflicting, with a consistent criticism 
being that studies too often base their 
risk of injury on a single measurement 
per season (predominantly in the pre-
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season), which disregards the complex, 
ever-changing nature of injury risk.7,52,66,94

Despite these conflicts, some modi-
fiable risk factors have been proposed. 
These include loss of (reduced) range 
of motion (ROM), rotational strength 
imbalance, muscle weakness compared 
to individual baseline or group norma-
tive values, changes in load (shoulder 
and sport-specific measures vary), player 
position, participation level (profes-
sional versus amateur), a previous his-
tory of shoulder pain, and psychosocial 

factors.7,8,62,67 The role of load is fiercely 
debated and is considered to play an im-
portant role when it comes to overuse 
injuries (eg, in the throwing arm)62,92 and 
in contact sports, where shoulder disloca-
tions are common.67

All potential risk factors should be 
discussed in a shared decision-making 
framework involving athletes, coaches, 
and clinicians to identify the most rele-
vant injury risk factors to the athlete and 
to decide whether mitigation strategies 
are warranted.28

Screening the Athlete’s Shoulder
There is an absence of evidence to support 
screening for predicting which athletes 
will suffer a shoulder injury.52,94 However, 
screening can help clinicians identify and 
address pre-existing problems to support 
athletes to RTS after shoulder injury, or 
to facilitate performance improvements.

The effectiveness of screening remains 
inconclusive.10,72 Around half the Delphi 
group recommended to screen for scapu-
lar dyskinesis, whereas the other half was 
against it.
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American football QB, who experiences greater demand and suffers a higher occurrence of shoulder injuries compared to those playing other positions in American football). 
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Screening for risk factors entails chal-
lenges when interpreting the test results. 
No tests or test batteries could reliably be 
recommended to support either a prima-
ry (preinjury) or secondary (postinjury) 
screening process. As the literature and 
the Delphi group remained split, experts 
from the in-person meeting suggested 
that a generic musculoskeletal shoulder 
screen (ie, not injury specific and incor-
porating a mixture of ROM, strength, 
power, and other standardized measure-
ments such as sport-specific internal 
rotation [IR]/external rotation [ER] ra-
tios) may have a place. This could include 
an assessment of shoulder function over 
the whole season, with the frequency to 
be established for each individual sport 
and player position (risk level). However, 
the utility and recommended frequency 
of any screening process for the shoulder, 
both pre and post injury, require further 
investigation.

Information gathered during the 
screening process (eg, preinjury strength 
levels) may help to refine RTS decisions, 
which will be discussed further in the 
RTS section of this statement.

Managing Injury Risk With Primary and 
Secondary Prevention Exercise Programs
Primary prevention should be the fo-
cus of all programs and should begin 
from a young age (ie, in youth athletes). 
The high prevalence and persistence of 
shoulder problems in adolescent and se-
nior elite overhead athletes underscore 
the need to focus on primary preven-
tion in youth sport to establish life-
long practices for maintaining healthy 
shoulder function.79,98 Structured, one-
size-fits-all exercise programs appear to 
reduce the shoulder injury risk in hand-
ball athletes79 and should be studied in 
other athletic populations to draw firm 
conclusions.

Secondary prevention exercise pro-
grams may begin immediately follow-
ing shoulder injury or may become more 
of a focus as the athlete progresses to-
ward a return to participation, sport, or 
performance.

Injury prevention programs (primary 
and secondary) have low risk of harm, are 
minimally intrusive to implement (eg, in-
cluding exercises in warm-ups), and offer 
potential preventive effects to all athletes. 
The Delphi group agreed that all athletes 
should receive injury prevention exercise 
programs, irrespective of whether or not 
they have a history of shoulder injury. 
Depending on the resources available and 
the sport setting (eg, professional versus 
youth sport), it may be appropriate to de-
vote additional preventive effort to ath-
letes identified as having a higher risk for 
injury (eg, athletes who start the season 
with shoulder pain, with muscle strength 
deficits, or who play in a high-risk playing 
position such as the pitcher in baseball).

Consensus point
 Injury prevention programs/exer-
cises are appropriate to prescribe 
for athletes of all levels to prevent 
shoulder injury.

Fundamental components of exercise 
programs to manage shoulder injury risk 
in overhead and contact/collision sports 
are outlined in TABLE 1. The principles 
can be extrapolated to other cases, with 
the caveat that “recipe-style” approaches 
should be avoided. Each case should be 
taken on its own merit, and recommen-
dations should be adapted to suit the in-
dividual and the sporting context within 
which RTS is being attempted. TABLE 2 
gives an example of a potential preven-
tion program in overhead-throwing ath-
letes, consisting of 3 exercises that target 
important variables such as shoulder 
ROM, plyometric capacity, and the ki-
netic chain.

Implementing Injury Prevention 
Exercise Programs
While injury prevention exercise programs 
work under controlled conditions (effica-
cy), the evidence for effectiveness (whether 
the programs work in the real-world sport 
environment) remains elusive.2,35 The Del-

TABLE 1
Expert In-Person Meeting Recommended 

Components of Exercise Programs to Manage 
Shoulder Injury Risk in Overhead Sports

General Principles Exercise Targets

• Exercises should be conducted in sport-specific positions
• Exercises should cover multiple joints (ie, involve the kinetic chain)
• Programs should require minimal equipment
• Programs should involve a competitive element, ideally with 

partners where the sport is team based
• Programs should be implemented at least 2 times per week and 

may form part of the warm-up routine before training or match 
play and part of resistance training 

• Programs should take no longer than 10 to 15 minutes in total, 5 
minutes of which may focus on shoulder-specific activities

• Rotator cuff imbalances, with focus on external 
rotation strength through the range of motion

• Shoulder girdle strength through the range of 
motion

• Dynamic trunk function/capacity specific to 
sport

• Control of eccentric deceleration of the arm 
(eg, external rotation in 90° of abduction)

TABLE 2
Example of a Prevention Exercise 

Program in Overhead-Throwing Athletes, 
Derived From the Authorship Group

aVideos can be found at www.jospt.org/doi/10.2519/jospt.2022.10952

Target Exercise Videoa

Range of motion/motor control External rotation through abduction VIDEO 1

Plyometrics Drop and catch in 90° of shoulder abduction VIDEO 2

Open/closed kinetic chain Y Balance Test exercises or adapted versions VIDEO 3
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[ consensus statement ]
phi group concurred that risk reduction 
can be achieved when the exercise pro-
grams are performed twice weekly (mini-
mum dose). Effective prevention programs 
must support the education of coaches 
and athletes, target known barriers such 
as lack of compliance/adherence,9,11,68 and 
improve attitudes and self-efficacy of in-
dividual athletes toward participating in 
injury prevention programs.36,57,85,86 Imple-
menting prevention programs also has the 
potential to improve sport performance 
(eg, throwing velocity).3,70

Consensus point
Plan to implement injury preven-
tion programs at least twice weekly 
on a team level to ensure all ath-
letes receive the minimum dose.

Section 2: Managing Shoulder-
Specific Load in Athletes
Strategies for monitoring shoulder-
specific load in overhead athletes lack 
reliability and validity, prompting calls 
for new technologies to be developed.12 
Shoulder-specific loads vary with the 
number of throws, playing position, type 
of training, and intensity of training. 
High overall shoulder-specific load ex-
posure of more than 16 hours per week55 
(eg, high-speed throws in baseball) and 
large weekly increases in training and/or 

match load (greater than 60% increase 
compared with the average of the previ-
ous 4 weeks) are associated with an in-
creased shoulder injury rate.55,98

Consensus point
The balance between capacity 
and load plays an important role 
in injury risk management, reha-
bilitation, RTS, and performance 
enhancement.

Recommendations based on total 
sporting exposure hours do not account 
for large variations in internal load (eg, 
the relative biological stress—physiologi-
cal or psychological—placed on an ath-
lete during training and competition) 
between training sessions of equal dura-
tion. Measuring load accurately may re-
quire multiple external (eg, any external 
stimulus applied to the athlete, such as 
laps swum in the pool, balls bowled in 
cricket, etc) and/or internal load mea-
surements. Do not rely on playing time 
or distance covered as a sole measure.59,69 
Research remains unclear about what to 
measure and how to measure it, particu-
larly for internal load in sport.92

There was no consensus about which 
type of load (internal or external) was 
more important to risk or injury manage-
ment in the shoulder.

Consensus point
To obtain estimates of the applied 
load, measures should include the 
number of repetitions (eg, throws), 
the magnitude of load applied per 
repetition (eg, throwing velocity), 
and the distribution of load over 
tissue structures applied per rep-
etition (eg, type of throw).

The practicality of collecting external 
load measurements varies between sports. 
For example, counting the number of 
pitches and measuring throwing velocity 
for each player are reasonable practices in 
baseball, but may not be possible in hand-
ball due to the chaotic nature of game play.

Experts at the in-person meeting sug-
gested that an option for capturing inter-
nal load would be to have athletes rate 
their session or shoulder-specific rate of 
perceived exertion (RPE) following a ses-
sion/match.58 Practical examples include 
asking the throwing athlete, “On a scale 
from 0 to 10, how hard (exertion) was this 
session on your throwing arm?” or asking 
a swimmer, “On a scale from 0 to 10, how 
hard (exertion) was this session on your 
shoulders?” For the youth athlete, the cli-
nician may ask the same question weekly 
rather than after each session; for exam-
ple, “How hard (exertion) was the recent 

 

TABLE 3 Measures to Monitor Workload in Different Athlete Populations

Abbreviations: GPS, global positioning system; HHD, handheld dynamometry; NRS, numeric rating scale; RPE, rate of perceived exertion.
aIn addition to youth athletes.
bIn addition to adult athletes.

Example of Monitoring Workload Youth Athletes Adult Athletesa Professional Athletesb

Overhead sports • Shoulder-specific RPE
• Pitch counts or serve counts in baseball, 

softball, cricket, and tennis
• Number of laps in swimming/water polo
• Number of training sessions and matches 

(or hours) played

• Session RPE
• Shoulder-specific RPE
• Strength assessment (eg, endurance 

and power testing using HHD or other 
equipment)

• Wellness questions or questionnaires 
(eg, sleep, stress, recovery)

• GPS tracking
• Number of strokes in swimming/water polo
• Clinical recovery measurements (eg, blood sampling)
• Strength assessment (eg, rate of force development 

analysis)
• Pitch/throw velocity

Collision sports • Shoulder-specific RPE
• Number of training sessions and matches 

(or hours) in team sports
• Number of tackles/checks per training in 

rugby, ice hockey, and lacrosse

• Session RPE
• Shoulder-specific soreness NRS
• Wellness questions or questionnaires 

(eg, sleep, stress, recovery)

• GPS tracking
• Number of tackles
• Clinical recovery measurements (eg, blood sampling)
• Strength assessment
• Pitch/throw velocity
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week on your throwing arm?” To support 
athlete education and calibration with the 
RPE scale, the modified Borg RPE scale 
(0 being no exertion/effort at all and 10 
being the maximal imaginable exertion/
effort) may be used. To date, it is unclear 
how well shoulder-specific RPE repre-
sents the psychophysiological construct 
of perceived exertion: fatigue, heaviness, 
and discomfort.43 Session RPE is strongly 
correlated to summated heart rate zone 
measures within athletes in youth soc-
cer, rugby, and field hockey.81 However, 
RPE, session RPE, or shoulder-specific 
RPE may be moderated by factors such 
as training mode. For instance, RPE can 
increase in athletes who include collisions 
in training when compared with those 
running at the same velocity without col-
lisions.58 Combining RPE with the Rating 
of Fatigue scale91 may help to capture a 
closer estimate of perceived exertion.43

Overall, both metrics (session RPE 
and shoulder-specific RPE) can help 
identify athletes who are struggling to 
maintain high levels of training, as they 
capture the subjective response to the 
physiological stimulus.

Consensus point
Monitor load (shoulder-specific 
and athlete total load) on at least a 
weekly basis, with data collection 
carried out by both the performance 
team and individual athletes.

Where resources allow, such as where a 
team has access to data scientists or where 
athletes can self-monitor using question-
naires, daily monitoring may occur.

Example of How Baseline Strength 
Affects Load Capacity
A study of 679 handball athletes fol-
lowed for 31 weeks assessed baseline and 
midseason strength and scapular con-
trol. Players with reduced ER strength 
or scapular dyskinesis could withstand 
smaller increments in weekly load (train-
ing/match participation measured in 
hours) compared with stronger players 
or those without scapular dyskinesis.62

These results need to be replicated 
by future studies that use measures of 
shoulder-specific load. However, if the 
findings are true, one could either adapt 
the load to the capacity of each player or 
improve the shoulder function of affect-
ed players to withstand greater loads, 
but preferably both.93

We suggest a minimum set of require-
ments for efficient workload monitoring 
for youth athletes in overhead and con-
tact/collision sports, and a build-on for 
adult and professional athletes who may 
have additional resources available (TABLE 

3). These suggestions guide clinicians, 
athletes, and coaches to extend the load 
monitoring principles, and are designed 
to be employed alongside clinical-reason-
ing principles for the specific individual 
or team situation. In professional sports, 
workload management is a constant part 
of athlete evaluation. Monitoring may be 
applied daily, using more resource-heavy 
measures where available. We anticipate 
that future research to establish the va-
lidity and reliability of specific measures 
of shoulder load will allow these recom-
mendations to be refined.

Section 3: Road to Recovery— 
Key Principles for Quality 
Rehabilitation After Shoulder 
Injury in Athletes
Clinicians should consider athlete- and 
sport-specific factors when designing a 
rehabilitation program for the injured 
athlete. Aim for appropriate load and al-
low symptom response and irritability to 
guide treatment and progression.

Consensus point
Tissue-specific involvement may 
be considered, but the pathoana-
tomic diagnosis should not drive 
shoulder rehabilitation.

Athletes, especially elite-level athletes, 
regularly train and compete with asymp-
tomatic tissue abnormalities51 that often 
misdirect rehabilitation when observed 
on magnetic resonance imaging and oth-
er diagnostic imaging.

Experts at the in-person meeting 
agreed that clinicians supporting athletes 
post shoulder injury should aim to
1. Improve sport-specific biomechanics/

technique
2. Increase rehabilitation intensity to 

challenge athletes at the limit of their 
capacity

3. Build resilience: increase capacity to 
load from physiological and psycho-
logical perspectives

4. Involve the multidisciplinary team in a 
shared decision-making process, includ-
ing coaches and the athlete, to support 
integrating rehabilitation and perfor-
mance measures that advance the ulti-
mate goal of return to performance5,28

Seven Key Principles to Restore Strength 
and Sport-Specific Movement Patterns
Informed by the consensus points agreed 
to in the Delphi process, the in-person 
meeting team identified, discussed, and 
defined 7 key principles to guide rehabili-
tation planning and progress for athletes 
with shoulder injuries.
Key Principle 1: Let Irritability Guide 
Rehabilitation Progression Progress 
through rehabilitation is governed by 
the level of irritability and is unique to 
the patient; it has little to do with spe-
cific pathology. High irritability is consid-
ered as high pain at rest, night pain, or 
high disability. Low irritability includes 
low pain levels, pain that is limited to 
specific activities or movements, and no 
night pain.23 A staged approach has been 
described for shoulder disorders, with 
a rehabilitation classification based on 
irritability.56

Consensus point
There is no specific order for when 
to include the kinetic chain or to 
promote scapular kinematics or to 
strengthen the rotator cuff. Instead, 
integrate these strategies simulta-
neously. The structure and timing 
of the rehabilitation program will be 
dictated by the driver (pain, weak-
ness, irritability) of the dysfunction.
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[ consensus statement ]
Key Principle 2: Address Clinically Rel-
evant Glenohumeral ROM Deficits Using 
Active Exercise Therapy Evidence regard-
ing the prospective relationship between 
preseason ER and IR ROM measures and 
subsequent shoulder injuries in overhead 
and throwing sports is inconsistent.7,17,97 
Range-of-motion loss or gain is common in 
athletes with current shoulder complaints. 
The term glenohumeral internal rotation 
deficit (GIRD)76 elicits much confusion. 
Clear language is key when interpreting 
this alongside ER gain (ERG) and total 
rotational ROM.96,97 Structural changes 
appear normal in the dominant arm of 
overhead and throwing athletes (eg, hu-
meral torsion), leading to a perceived in-
crease in ER ROM and a decrease in IR 
ROM within the dominant shoulder.45

Consensus point
Both GIRD and ERG are physi-
ological tissue responses. Evidence 
is lacking to clearly differentiate 
physiological from pathological 
adaptation.

There was no consensus on whether to 
manage symptomatic GIRD with active 
or passive treatment.

Consensus point
External rotation gain, while a 
normal adaptation, should be 
managed (to ensure the athlete 
can cope with the additional joint 
range) using active exercise thera-
pies to avoid future injury.

Clinicians may consider including 
strength-based exercises to restore 
ROM deficits. Pay attention to end-
range flexion and abduction deficits 
that commonly present in overhead 
sports (eg, baseball, swimming, and 
volleyball). When the setting allows, 
clinicians may consider measuring hu-
meral torsion when making decisions 
on whether an athlete has attained full 
ROM, or how much ERG and GIRD are 
present.45,96,97

Key Principle 3: Do Address the 
Scapula in Rehabilitation but Do Not 
Screen for Dyskinesis Screening for 
scapular dyskinesis in athletes with-
out shoulder symptoms may provide 
little to no value. Dyskinesis is present 
in 53% of healthy people71 and 61% of 
overhead athletes.18 In overhead ath-
letes, sport may contribute to muscle 

imbalance and asymptomatic scapular 
dyskinesis.

Consensus point
Consider the scapula as part of a 
holistic approach to rehabilitating 
the shoulder complex, for example, 
strengthening the kinetic chain to 
improve scapular mechanics.75

Consensus point
The effect of scapular dyskinesis on 
performance is unclear.2,46,53,62,87

Key Principle 4: Select the Appropri-
ate Exercise (Open Chain Versus Closed 
Chain) Exercise selection will depend 
on the specific injury and rehabilitation 
phase. A safe place to begin for an athlete 
with anterior instability may be with low-
load closed-chain exercises, while early 
open-chain exercises may be tolerated 
well by an athlete with acromioclavicular 
joint instability.

End-stage exercise selection should be 
guided by the demands of the sport.99 A 
list of all the exercise suggestions made 
by experts during the Delphi process can 
be located in the supplemental file.

 

TABLE 4
Examples of Rehabilitation Exercises Suggested by Experts Present 

at the In-Person Meeting or by the Authorship Team

Abbreviation: ER, external rotation.
aVideos can be found at www.jospt.org/doi/10.2519/jospt.2022.10952

Target Exercise Description Videoa

Early rehabilitation

Range of motion, functional strength, strength 
training

Standing with the arm elevated and with the hand on a ball against the wall (resistance bands)
Hand/foot: stretching for the last degrees of arm elevation and upward scapular rotation

VIDEO 4

Plyometrics Sidelying ER plyometrics with ball VIDEO 5

Open/closed kinetic chain High plank with ER in 90°/90° VIDEO 6

Progress in rehabilitation

Range of motion, functional strength, motor 
retraining

Y raises with tube VIDEO 7

Plyometrics Overhead-throwing sports: fast concentric, slow eccentric ER in 90°/90° VIDEO 8

Open/closed kinetic chain

Push-up and backward walk VIDEO 9

Collision sports: clap push-up VIDEO 10
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Consensus point
Include open- and closed-chain ex-
ercises in a rehabilitation program 
for overhead/throwing and contact-
sport athletes.

Key Principle 5: Include Plyometrics Ear-
ly in a Rehabilitation Program Includ-
ing plyometric exercises is crucial to help 
athletes prepare for sport-specific load.

Clinicians may start with low-load 
plyometric exercises.83,95 These may in-
clude small-amplitude drop-and-catch 
movements in sidelying or fast concen-
tric, slow eccentric elastic band ER in 
supine. Progress exercises by adding 
resistance and changing the body posi-
tion to either place more focused load on 
the shoulder or resemble sport-specific 
movements.

 Consensus point
Plyometric exercises should be 
included at the start of a shoulder 
rehabilitation program, in both 
throwing and contact sports.

Key Principle 6: Train the Brain Injury 
provokes changes in the cortical area of 
the brain that outlast the injury itself.42 
During rehabilitation, there is an oppor-
tunity to capitalize on the brain’s plasticity 
to reverse the brain changes that occur af-
ter injury. Clinicians may apply principles 
from anterior cruciate ligament reha-
bilitation to the shoulder through use of 
external focus of attention, implicit learn-
ing, differential learning, self-controlled 
learning, and contextual interference.39 
Gradual exposure to fearful movements 
that provoke anxiety for the athlete, and 
use of motor imagery and mirror neurons 
with mimicking and adapted cognitive-
compartmental therapies, can be incorpo-
rated.14,77,84 Some practical examples may 
include completing a task while count-
ing backward, giving external cues rather 
than internal cues (eg, “bring the ball to 
the upper line on the wall” instead of “raise 
your arm”), having an athlete imagine the 
movement while still wearing a sling, and 

performing a task to the rhythm of a met-
ronome or music.14,39,84

Key Principle 7: Sport-Specific Exercis-
es Incorporate single-plane exercises at 
any point to achieve a specific goal (eg, 
addressing specific strength, power, or 
endurance deficits). However, clinicians 
must ensure that athletes progress to 
complex, multiplane exercises and ulti-
mately sport-specific movements (with 
good quality) as soon as it is appropri-
ate. Consider power (including rate of 
force development) for exercise selection 
from a joint-protection and performance 
perspective in preparation for sport. Ex-
amples of rehabilitation exercises can be 
found in TABLE 4. A detailed list of exercise 
suggestions from the Delphi survey is in 
APPENDIX A (available at www.jospt.org).

Regular Testing and Repeatability 
of Measures in Rehabilitation
Regularly test and monitor the athlete 
throughout rehabilitation, using stan-
dard measures that are reliable and easily 
repeatable. An ideal testing kit for clini-
cians may include items that are portable 
and require little time to complete.
1. Handheld dynamometer for measur-

ing strength
2. Inclinometer or goniometer for mea-

suring ROM
3. Questionnaires or patient-reported 

outcome measures
Lists of suggested patient-reported 

outcome measures from the Delphi sur-
vey are included in APPENDICES B and C 

(available at www.jospt.org).

Consensus point
Testing will be dictated by an 
athlete’s specific impairments and 
should be conducted on a weekly 
basis (minimum).

Testing isometric strength at the start 
of each session will help the clinician to 
assess the athlete’s response and recovery 
from a previous rehabilitation or train-
ing session. The results guide treatment 
planning. The regularity of testing may 
be resource and budget dependent.

There was no consensus about whether 
isokinetic assessment or isokinetic exer-
cises are necessary during rehabilitation.

Isokinetic dynamometry is helpful, 
but not essential, to measure rehabilita-
tion progress. Unanswered questions in-
clude which positions, movements, and 
planes are best to collect shoulder-spe-
cific rehabilitation measurements. The 
information gained by testing individual 
muscles in isolation has limited overall 
utility, as shoulder movement, strength, 
and function are the cumulative result of 
the kinetic chain.

Aim to include the same relevant sub-
jective and objective measures in reha-
bilitation that the athlete performs with 
the team (eg, well-being/pain question-
naires, strength measures, sport-specific 
throw/attack counts). These data can be 
benchmarked against preinjury levels to 
measure progress and act to facilitate the 
transition along the RTS continuum.5 
Advances in technology have created 
opportunities for clinicians to measure 
ROM, perform video analysis, and re-
ceive feedback from athletes from any-
where in the world.

Section 4: RTS Decisions
Return to sport occurs along a continu-
um: from return to participation, to RTS, 
to return to performance (FIGURE 3).5 These 
are not separate categories, and should be 
interpreted as a progressive flow.

The following definitions provide 
helpful context:

FIGURE 3. The 3 elements of the return-to-sport continuum. Republished with permission from BMJ Publishing 
Group Ltd.5
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• Return to participation: the athlete 

participating in rehabilitation, train-
ing (modified or unrestricted), or 
sport, but at a level lower than his or 
her RTS goal. The athlete is physically 
active, but not yet “ready” (medically, 
physically, and/or psychologically) to 
RTS. It is possible to train, but this 
does not automatically mean RTS.

• Return to sport: the athlete returning 
to his or her sport, but participating 
below his or her previous or “desired” 
level of performance.

• Return to performance: the athlete 
playing a full game without restric-
tions or throwing the number of pitch-
es in a game at the same velocity as he 
or she did before injury.
In this section, we frame 6 domains 

of body structure and function that affect 
the success of an athlete during RTS after 
shoulder injury. Case examples illustrate 
how clinicians and athletes can work to-

gether to consider and act on information 
gathered from the body structure and 
function domains prior to RTS.

The cases reflect the variable demands 
of sport (FIGURE 2): above shoulder height, 
with or without throwing; below shoul-
der height, with or without throwing; and 
reverse-chain demands. Contact sports 
carry added risk for the athlete and clini-
cian to consider when making RTS deci-
sions. The cases are exemplars for clinical 
reasoning, not a recipe. Clinical reason-
ing during RTS is complex and often 
influenced by external factors (context) 
beyond the control of the clinician or 
athlete. We illustrate the ideal scenario, 
where the athlete is liberated from exter-
nal pressures to RTS early.

There is currently no valid single test 
or battery of tests for informing RTS de-
cisions following a shoulder injury. Clini-
cians must employ clinical reasoning and 
select tests that are specific to the task, 

sport, and athlete when planning RTS. For 
a list of recommended tests, see TABLE 5.

Consensus point
Use a battery of sport-specific 
tests to determine when the athlete 
is ready to return to unrestricted 
sports participation.

RTS Criteria: 6 Domains to Consider 
for the Athlete Who Is Returning 
to Sport After Shoulder Injury
The 6 domains are not intended as a hi-
erarchy. Depending on the sport and the 
specific injury, a domain may be more or 
less relevant. The criteria in each domain 
may also differ depending on where the 
athlete is on the RTS continuum (FIGURE 

3). Agreement on the 6 domains was 
reached by consensus during the Delphi 
survey, and the content informed the sur-
vey and the in-person meeting as well as 
discussions among the authors.

 

TABLE 5
Sport-Specific Tests Recommended by the Delphi Group for Overhead 
(With or Without Throwing) Athletes and Collision-Sport Athletes

Abbreviations: CKCUEST, closed kinetic chain upper extremity stability test; ER, external rotation; HHD, handheld dynamometry; IR, internal rotation; 
PSET, posterior shoulder endurance test; ROM, range of motion.
aVideos can be found at www.jospt.org/doi/10.2519/jospt.2022.10952

Performance Test ROM/Strength Test Kinetic Chain Sport-Specific Test Example

CKCUEST25

VIDEO 11a

90°/90° concentric/eccentric rotator cuff 
testing

Push-up test: assessing for ability, quality of 
movement, control, and endurance

Number of pain-free throws/serves at or 
above previous speed

PSET32,33,63

VIDEO 12a

Isometric rotation strength
ER/IR at 90°/0°

Side plank endurance Throwing at full speed

Shoulder Endurance Test (SET) (endurance 
test for ER in ABD/ER, 90°/90°)26

Total rotational ROM within 10% of the 
contralateral side

Plyometric push-up Visual assessment of the “smoothness” of 
the throwing technique

The Athletic Shoulder Test (ASH-Test)6 ER force measured with HHD in prone at 
90°/90° and 90°/0°

VIDEO 13a

Single-leg squat test Wrestling drills

Y Balance Test for the upper and lower 
extremities40

VIDEO 14a

ER/IR ratio: sport-specific numbers apply Thoracic spine rotation Tackle replication (eg, for American football 
or rugby)

VIDEO 15a

Seated medicine-ball throw25

VIDEO 16a

IR/ER ratio at 90°/90° in sitting (break 
test, HHD)

VIDEO 17a

Bench press Tackle replication with leg grab
VIDEO 18a

Ball abduction-ER test
VIDEO 19a

IR/ER ratio in sitting at 90° of abduction and 
neutral rotation

VIDEO 20a

Upper-limb rotation test25 …

Ball taps on wall test
VIDEO 21a

… … …

Prone ball-drop test
VIDEO 22a

… … …
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For contact-sport athletes, full shoul-
der joint ROM is likely a lower priority; 
however, this is likely sport dependent. 
The lack of expectation for full ROM 
was stronger among athletes involved 
in sports played below shoulder height, 
in which the loss of ROM is less likely to 
impact performance.

Consensus point
There is no expectation to achieve 
full ROM at any stage of the 
RTS continuum in contact-sport 
athletes.

Domain 3: Strength, Power, and En-
durance All sports with demands on 
the shoulder have a shoulder strength 
requirement (TABLE 8). Strength, power, 
and endurance encompass many com-
ponents, such as peak force, rate of force 
development, fatigue resistance, velocity 
of contraction, etc. Shoulder strength 
requirements are sport and position 
specific.

In throwers and other sports with a 
rapid movement of the shoulder, such as 
tennis and badminton, speed is essen-
tial. So, too, is decelerating the arm dur-
ing the follow-through phase. In sports 
such as rugby and gymnastics, bracing 

Consensus point
Contact-sport athletes can return 
to participation with pain, in a 
controlled environment, but should 
be pain free before RTS or return to 
performance is attempted.

Domain 2: Active Shoulder Joint 
ROM The relevance of regaining full 
shoulder joint ROM is extremely sport 
specific and crucial to address early in 
the RTS continuum (ie, return to par-
ticipation) (TABLE 7). Many sports do not 
require full ROM to compete; however, 
others have specific end-range demands 
that are prerequisites for return to per-
formance (eg, throwing sports such as 
baseball or swimming). Following some 
injuries (eg, surgical repair of traumatic 
shoulder instability), full preinjury ROM 
is often not achieved—here, consider the 
requirements of the sport more than the 
athlete’s preinjury capabilities.

Consensus point
Overhead/throwing athletes do not 
need full ROM prior to return to 
participation, but full ROM should 
be restored before RTS.

Domain 1: Pain Gradual-onset shoulder 
injuries7 are poorly defined, but the pres-
ence of long-lasting pain may hinder ath-
letes from fully participating in training and 
competition. The consensus group found it 
difficult to reconcile differences in the irri-
tability of pain levels between athletes with 
the importance of mental readiness to play 
with or without pain. Therefore, we recom-
mend that athletes in overhead/throwing 
sports should be pain free when they are 
expected to perform at their previous level 
(or above). However, there are likely situa-
tions where this is not possible.

Consensus point
Overhead/throwing athletes can 
return to participation with pain, 
but should be pain free when at-
tempting to return to performance.

For return to participation and RTS, 
there was no consensus on whether over-
head/throwing athletes should be pain 
free, but contact-sport athletes were ex-
pected to be pain free. We recommend 
the Strategic Assessment of Risk and Risk 
Tolerance framework82 for additional 
guidance. TABLE 6 is designed to help sup-
port the reader to identify some examples 
of decisions around athletes in pain.

 

TABLE 6
Case Examples Illustrating How Pain May Impact the Return-to-Sport  

Decision-Making Process Post Shoulder Injury

Abbreviation: NRS, numeric rating scale.

Pain Case 1 Case 2 Case 3

Characteristics Below shoulder height, with or without 
throwing: rugby. Posttraumatic shoul-
der instability

Above shoulder height, with or without throwing: 
handball. Throwing-arm rotator cuff tear (grade 2)

Reverse chain: gymnastics. Gradual-onset rotator cuff 
tendinopathy

What might the 
athlete report?

Pain is likely not an important feature un-
less it reduces the athlete’s confidence 
and willingness to perform sport-
specific movements (ie, to perform 
actions without “guarding”)

Given the insidious onset of the injury, the player 
may have reported increasing discomfort and 
pain during throwing, especially during competi-
tion. Minor shoulder soreness post training may 
be acceptable during return to training, with 
controlled throwing in elevation angles not 
causing pain and limited contact with opponents. 
Monitoring the posttraining pain is important. 
The athlete should be pain free for return to 
competition

The gymnast is likely to have pain during specific actions or 
in certain positions (hanging or standing on hands, with or 
without high-speed impact). For an all-around gymnast, 
return to training should be limited to the disciplines not 
provoking pain. For a professional athlete who specializes 
in a specific discipline (eg, still rings), promote progressive 
return to sports by limiting the impact of body weight during 
the swing, or by the position of the hands, for instance, a 
neutral grip rather than an L grip. A return to performance is 
only likely once the athlete is pain free

What might you 
measure?

Worst pain (NRS) during training activities Pain NRS during direct contact (from the therapist 
initially), with padding in place as planned to use 
in training and games

Pain NRS during training (including specific exercises), after 
training, and the day after
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and stability in the presence of exter-
nal perturbation are more important 
than rapid shoulder movements. Power 
is important in weight lifting, while 
strength and endurance are important 
in swimming.

Most sports have more than 1 type of 
strength requirement (eg, handball in-
cludes speed, power, and stability, and 
there is a complex interplay between 
these variables). In the remainder of this 

section, we use the term strength without 
further clarification. We invite clinicians 
to differentiate based on the individual 
athlete’s requirements.

Shoulder strength can be reliably as-
sessed with a handheld dynamometer. 
However, strength values depend on the 
mode of testing (eg, isometric versus ec-
centric or break testing), the experience 
and skill of the clinician and athlete, the 
position of testing, and the sport.22,24

Consensus point
The ER/IR strength ratios are impor-
tant for athletes in overhead/throw-
ing sports, but should not be used in 
isolation. Absolute strength values 
also need to be considered to de-
termine functional shoulder capacity.

There was no consensus on the use 
of ER/IR ratios in collision sports. In 
this athlete population, it may be pref-

 

TABLE 7
Case Examples Illustrating How to Consider Shoulder Range 

of Motion During the Return-to-Sport Continuum

Abbreviations: ER, external rotation; GIRD, glenohumeral internal rotation deficit; IR, internal rotation; ROM, range of motion.

Active ROM Case 1 Case 2 Case 3

Characteristics Below shoulder height, with or without throwing: 
rugby. Posttraumatic shoulder instability

Above shoulder height, with or without throwing: 
handball. Throwing-arm rotator cuff tear (grade 2)

Reverse chain: gymnastics. Gradual-onset rotator 
cuff tendinopathy

What might the 
athlete report?

Shoulder stiffness; the athlete may not regain (or 
need to regain) full preinjury ROM

End-range pain in full elevation or abduction-ER; 
articular ROM deficits are not to be suspected, 
except limited IR ROM as a sport-specific adapta-
tion (GIRD)

No ROM limitations for some disciplines (for 
instance, pommel horse), but needs unrestricted, 
“more-than-normal” ROM for other disciplines, 
such as rings. In particular, the L grip requires full 
ROM into elevation and IR

What might you 
measure?

With nonsurgical treatment, the player will likely 
lose active ROM in shoulder elevation. Active 
movement may be accompanied by painless 
crepitus. Reassurance regarding noise in the 
absence of pain or a sensation of instability 
can be provided

ROM with special focus on IR and ER in a 90° ab-
ducted position. Common criteria are a side-to-side 
difference of <20° of IR in favor of the nondominant 
side, +5° to 10° of ER in favor of the dominant side, 
and a side-to-side difference of <10° of total ROM 
(IR + ER) in favor of the nondominant side

ROM into elevation, under different demands/posi-
tions, with full ER or IR

 

TABLE 8
Case Examples Illustrating How to Consider Upper-Limb/Shoulder Strength, 

Power, and Endurance During the Return-to-Sport Continuum

Abbreviations: ER, external rotation; IR, internal rotation.

Strength Case 1 Case 2 Case 3

Characteristics Below shoulder height, with or without 
throwing: rugby. Posttraumatic 
shoulder instability

Above shoulder height, with or without throwing: handball. Throwing-
arm rotator cuff tear (grade 2)

Reverse chain: gymnastics. Gradual-onset 
rotator cuff tendinopathy

What might you ask the 
athlete about?

Athlete-reported confidence during 
collisions and while performing usual 
weight training exercises, especially 
the bench press and shoulder fly

Athlete-reported stability, ability to load and to change speed and 
direction with arm movements (should not give symptoms of 
pain/ache afterward)

Athlete-reported confidence during hanging 
and high-impact swinging, handstand-
ing, and high-impact tumbling

What measures of 
strength, power, or 
endurance might 
you use?

Isometric strength in all planes
Countermovement plyometric press-ups
The Delphi process suggested isokinetic 

(if available) values for an ER/IR 
strength ratio at 60°/s of approxi-
mately 0.7 for rugby

Isometric strength, mainly into ER and IR, with the following criteria 
for the ER/IR ratio: 0.70 to 0.75 when measured in neutral supine; 
0.90 to 1.00 when measured seated, with 90° of abduction and 
neutral rotation; and 0.60 to 0.85 when measured seated, using 
abduction with ER24

In professional players, consider measuring eccentric strength with 
an isokinetic dynamometer, with a dynamic ratio (eccentric ER/
concentric IR) of 1.00

Consider endurance testing with the shoulder endurance test (endur-
ance test for ER in abduction-ER)26

General shoulder strength in all directions. 
In gymnastics, symmetric strength 
values are to be expected, with a slight 
advantage for the dominant side
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erable to compare absolute strength to 
preinjury test results.29 Due to the het-
erogeneity of ratios suggested for differ-
ent sports, we are unable to recommend 
specific values. Absolute or raw values 
for ER and IR strength and power are 
more important than a universal ER/
IR ratio, as ratios alone do not indicate 
readiness to RTS (ie, an athlete who 
is weak could still have a perfect ER/
IR ratio if he or she is weak into both 
movements).

Clinicians choosing to use raw val-
ues should normalize the results to 
body weight for between-athlete com-
parison. Collecting baseline data (eg, 

in the preseason) helps to establish 
within-athlete norms and can inform 
the RTS process with individual ath-
letes, as opposed to relying on popula-
tion norms.
Domain 4: Kinetic Chain Hitting and 
throwing biomechanics vivify the kinetic 
chain: linked segments that operate in 
a proximal-to-distal sequence of energy 
transfer,30 where velocity produced at 
the most proximal segment progresses 
to the distal segments (TABLE 9).74 An 
efficient kinetic chain generates, ag-
gregates, and facilitates controlled me-
chanical energy transfer along the entire 
chain, contributing to enhanced perfor-

mance (velocity, force).19 Inefficiency in 
any of the links proximally in the chain 
could increase distal demands, requiring 
other constituent parts of the chain to 
increase their contribution to avoid en-
ergy loss.

Identifying inadequate movement 
strategies wherever they occur along 
the length of the kinetic chain, and ad-
dressing them, is central to quality 
rehabilitation.47

Domain 5: Psychological Readiness Ad-
dressing psychological readiness to RTS 
is critical when supporting athletes to 
RTS (TABLE 10). The athlete must feel 
comfortable before progressing to the 

 

TABLE 9
Case Examples Illustrating How to Consider the Kinetic 

Chain During the Return-to-Sport Continuum

Abbreviations: 1RM, 1-repetition maximum; ULRT, upper-limb rotation test; YBT-UQ, Y Balance Test upper quadrant.

Kinetic Chain Case 1 Case 2 Case 3

Characteristics Below shoulder height, with or without throwing: 
rugby. Posttraumatic shoulder instability

Above shoulder height, with or without throwing: 
handball. Throwing-arm rotator cuff tear (grade 
2)

Reverse chain: gymnastics. Gradual-onset rotator 
cuff tendinopathy

What might you 
observe?

Inability to adequately position the legs and trunk 
prior to making contact in a tackle may place the 
athlete in an at-risk position. This can be related 
to reduced leg strength and/or reduced aerobic 
fitness

Reduced leg and trunk strength may leave the player 
vulnerable to “losing” routine collisions and fall-
ing onto the shoulder

Athletes with a “reverse” kinetic-chain demand often 
lack core stability and dynamic lower-limb stabil-
ity in an upright position, and have an imbalance 
in development of muscle volume and strength 
between the upper and lower quadrants

What might you 
measure?

Squat-predicted 1RM (leg strength), 30-15 intermit-
tent running test (aerobic capacity of the legs)

Squat-predicted 1RM15 (leg strength), 30-15 intermit-
tent running test,16 side-to-side jumps and lateral 
jumps (aerobic capacity of the legs)

Variations of dynamic side planks

Functional tests in the closed chain, such as the 
YBT-UQ and ULRT25

 

TABLE 10
Case Examples Illustrating How to Consider the Psychological Component 

of Athlete Readiness During the Return-to-Sport Continuum

Abbreviations: I-PRRS, Injury-Psychological Readiness to Return to Sport scale; SIRSI, Shoulder Instability Return to Sport after Injury scale.
aThe scales and outcome measures suggested are examples; other options to capture this concept exist.

Psychological Case 1 Case 2 Case 3

Characteristics Below shoulder height, with or without throwing: 
rugby. Posttraumatic shoulder instability

Above shoulder height, with or without throwing: 
handball. Throwing-arm rotator cuff tear (grade 
2)

Reverse chain: gymnastics. Gradual-onset rota-
tor cuff tendinopathy

What might you ask 
the athlete about?

The player should feel comfortable with shoulder 
impact situations (eg, falling on the shoulder, 
tackling and wrestling)

The player should feel comfortable with shoulder 
impact situations (eg, falling on the shoulder, 
tackling and wrestling), as well as throwing in 
unexpected situations (direction of throwing, 
impact from an opponent)

The gymnast should feel comfortable with 
maximum-speed hanging, swinging, and high-
impact tumbling

What might you use 
to measure?a

SIRSI37

Tampa Scale of Kinesiophobia90

I-PRRS38

Tampa Scale of Kinesiophobia
I-PRRS

Tampa Scale of Kinesiophobia
I-PRRS
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next phase of the RTS continuum. Before 
return to participation, no apprehension 
during resistance training in the end 
range of shoulder motion or throwing at 
a specified intensity may support psycho-
logical readiness to RTS. Before RTS and 
return to performance, no apprehension 
during contact with opponents and low 
fear of reinjury may support psychologi-
cal readiness to RTS.5,37

Domain 6: Sport Specific We intend the 
sport-specific examples to illustrate a 
framework that supports clinical reason-
ing (TABLE 11). Knowing the demands of 
the athlete’s sport is crucial to support-
ing successful RTS, especially in return to 
performance.5 In some sports, the shoul-
der-specific demands differ substantially 
across different playing positions, which 
must be considered when deciding on RTS 
criteria. As covered in domain 3 (strength, 
power, and endurance), compare to the 
athlete’s preinjury values for the key de-
mands of the sport, which may entail spe-
cific performance tests such as swimming 
50 m in a set time or throwing a specific 
distance or velocity in training. If prein-

jury data are unavailable, sport-specific 
population norms could be a reasonable 
substitute, although these data must be 
interpreted and applied cautiously and 
should always be tailored to the level of the 
athlete (ie, norms for throwing velocity in 
professional athletes are unlikely to apply 
to the weekend warrior).

Limitations
Education was not discussed explicitly in 
either of the Delphi rounds or at the in-
person meeting. Much of what we have 
laid out implicitly signals the need for 
education (eg, in load management). We 
recognize that education is an important 
consideration during the RTS of an ath-
lete; however, this was not included by 
any of our experts during the Delphi state-
ments in round 1 or 2, and was not con-
sidered at the in-person meeting in Bern.

This consensus process was initiated 
due to a lack of underpinning research 
in the area of RTS post shoulder injury. 
Our recommendations, therefore, come 
primarily from expert opinion. More 
prospective longitudinal studies with 

greater sample sizes are needed to refine 
our knowledge of the RTS process follow-
ing shoulder injury.

Priorities for Future Study
The areas of nonconsensus from our Del-
phi process and expert meeting indicate 
priorities for future research. We present 
them here.
• How effective are early/youth preven-

tion programs at reducing overuse 
shoulder injuries among adult elite 
and amateur athletes?

• Are there individual sports where spe-
cific shoulder screening is recommend-
ed due to the high demands placed 
specifically on the shoulder joint?

• Which are the best measurements of 
internal and external loads to capture 
for supporting return to training, sport, 
and performance post shoulder injury?

• Do strength or power measurements 
explain capacity to tolerate load in dif-
ferent sports?

• Does scapular dyskinesis increase the 
risk of pain following a shoulder in-
jury in sport?

 

TABLE 11
Case Examples Illustrating How to Consider Sport-Specific 

Demands During the Return-to-Sport Continuuma

Abbreviations: CKCUEST, closed kinetic chain upper extremity stability test; ULRT, upper-limb rotation test; YBT-LQ, Y Balance Test lower quadrant; YBT-
UQ, Y Balance Test upper quadrant.
aSee TABLE 5 for sport-specific return-to-sport test recommendations.
bVideos can be found at www.jospt.org/doi/10.2519/jospt.2022.10952

Sport Specific Case 1 Case 2 Case 3

Characteristics Below shoulder height, with or without throwing: 
rugby. Posttraumatic shoulder instability

Above shoulder height, with or without throwing: 
handball. Throwing-arm rotator cuff tear (grade 
2)

Reverse chain: gymnastics. Gradual-onset rotator 
cuff tendinopathy

What data might you 
gather?

Reported confidence (ie, no apprehension) on 
resuming sport- and position-specific attack-
ing and defensive drills

Reported confidence in completing all training, 
especially strength and conditioning

Reported confidence (ie, no pain) on resuming 
sport- and position-specific attacking and 
defensive drills

Reported confidence in completing all training, es-
pecially strength and conditioning and throwing

Completion of a progressive return to gymnas-
tics, with full confidence

Ability to efficiently execute all technical elements 
of the gymnastic techniques in all disciplines 
required

Which tests might help 
you decide whether 
the athlete is ready 
to return to sport?

CKCUEST25 (VIDEO 11b) 
Collision practice completed
Power tests (eg, press jump, countermovement 

plyometric press-up, box land), with no issues 
on return to contact drills

Completion of at least 2 high-level trainings
Consider using position-specific drills
Consider testing the athlete when fatigued

CKCUEST (VIDEO 11b)
Push-ups with claps (VIDEO 10b)
Seated medicine-ball throw25 (VIDEO 16b)
Consider using position-specific drills
Consider testing the athlete when fatigued
Posterior shoulder endurance test32,33,63 (see  

TABLE 5) (VIDEO 12b)
Hop tests for the lower limb to establish effective 

power production and assess the ability to 
transfer force

CKCUEST (VIDEO 11b)
ULRT
YBT-UQ40 (VIDEO 14b)
YBT-LQ (VIDEO 14b)
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Summary
When supporting athletes to manage 
shoulder injury (including avoiding 
primary injury, designing appropriate 
rehabilitation, and supporting shared 
RTS decisions), we encourage clinicians 
to start by identifying the individual de-
mands of the sport. Such an approach 
will form a solid base from which to ef-
fectively apply the principles we describe 
in this consensus statement in practice.

This statement sets out expert con-
sensus-level guidance on how to frame 
the key decisions when supporting ath-
letes to return to their sport. Load and 
risk management underpin primary and 
secondary prevention efforts, as well as 
the RTS continuum after an injury. We 
provide 7 key principles to consider when 
guiding an athlete through shoulder re-
habilitation. We finish by outlining the 6 
domains to consider as part of the RTS 
decision-making process: pain; active 
shoulder joint ROM; strength, power, 
and endurance; the kinetic chain; psy-
chology; and return to sport-specific 
activities.

The additional resources provided 
with this statement are designed to sup-
port clinicians, coaches, and athletes at 
all levels of sports participation to se-
lect from a range of potential preven-
tion exercises, appropriate rehabilitation 
exercises, patient-reported outcome 
measurements, and performance tests. 
These can be applied purposefully across 
different practice contexts. Our recom-
mendations should be updated as further 
evidence emerges to facilitate improved 
decision making for managing shoulder 
injury in sport.

We encourage clinicians, researchers, 
athletes, coaches, and others involved in 
protecting athlete health to build on our 
consensus development processes in their 
future work, and to provide guidance that 
is tailored to the individual sport and 
playing position. U
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APPENDIX A

EXERCISE RECOMMENDATIONS FOR INJURY PREVENTION AND 
REHABILITATION FROM THE DELPHI SURVEY (ROUND 1)

Low Load

Range of Motion/Strength Training Plyometrics Open/Closed Kinetic Chain

Isometric ER strength Drop catches/release and catch of ball (eg, sidelying with a 
weighted ball or standing IR/ER in 90°/90°) (VIDEO 2)

Plank with arm movements

Posterior cuff activation in various planes (eg, hitchhiker: 
resisted external rotation supported in the 90°/0° or 
90°/90° plane)

Anterior cuff activation (eg, ball taps in 90°/90°) Resisted wall slides

Variations of glenohumeral ER
• In 45° of abduction/flexion
• In 90° of abduction/flexion
• Overhead height with an eccentric focus

Elastic bands (fast concentric to slow eccentric) in 90° Push-up variations (including hands in line with head, 
push-up back drop, sling, etc)

Push-up with a plus

Prone, weighted ER in 90°/90° Plyometric weighted ER in sidelying Deep neck flexor exercises (supine and standing)

Integrated upward scapular rotation control, with well-
controlled ER

Supine plyometric ER in 90°/90° Closed kinetic chain exercises (eg, Y Balance Test exer-
cises) (VIDEO 14)

Scaption with low load and a focus on scapular control Variations of plyometric catch and release with a long lever (Preactivation) “stick push” partner exercise (both in the 
ready position)

IR in the abduction-ER position End-range shoulder flexion with small oscillations (elastic/
ball against the wall/manual resistance)

(Preactivation) dynamic trunk rotations, with stable upper 
extremities

ER activation in different body positions, with progressively 
less support
• Prone
• Tabletop
• Prone plank

… Prone (gluteus-hamstring machine) single-arm Y isometric 
hold

Weighted ER in side plank … …

Abbreviations: ER, external rotation; IR, internal rotation.

High Load

Range of Motion/Strength Training Plyometrics Open/Closed Kinetic Chain

(Preactivation) IR/ER in 90°/90° with tubing in a squat 
position

Prone end-range throwing position with rotator cuff on/off 
(ER/IR): speed isometrically

Bear crawls

Standing with the arm elevated and with the hand on a ball 
against the wall (resistance bands)

Hand/foot: stretching for the last degrees of arm elevation 
and upward scapular rotation (VIDEO 4)

Posterior shoulder deceleration drills (0.5- to 1.0-kg 
medicine ball)

Unilateral shoulder press (dominant arm) in combination 
with a step-up (explosive strength)

Weighted ER in 90° of abduction Fast concentric, slow eccentric ball throw in the abduction-
ER position/plyometric ball catch-and-release exercises 
(VIDEO 8)

W-V exercises: plank on an exercise ball with ER

Overhead elastic shoulder flexion with ER activation Clap push-up/plyometric press-up (VIDEO 10) Turkish get-up

Y raises with tubes or dumbbells (VIDEO 7) Catching exercises with a plyoball in side or prone planking Resistance-band throwing technique with pelvic drive

Long-lever resisted/weighted horizontal abduction and 
flexion with ER

Control of position in cocking Overhead squats

Y exercise: supine, wall, standing (posterior cuff facilitation 
through the scaption/flexion plane)

Derby shoulder stability program …

Cable catches (T position) for anterior shoulder protection Throw/catch from behind …

Overhead shoulder diagonals (PNF, diagonal 2: manual 
resistance/elastic/light dumbbells)

… …

Abbreviations: ER, external rotation; IR, internal rotation; PNF, proprioceptive neuromuscular facilitation; V, position with extension of the elbows; W, posi-
tion with flexed elbows and arms parallel to the body.
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APPENDIX B

SPORTING ENVIRONMENT–APPROPRIATE PATIENT-REPORTED OUTCOME MEASURES 
SUGGESTED BY THE DELPHI GROUP FOR SUPPORTING RETURN-TO-SPORT DECISIONS

The following table is a list of patient-reported outcome measures collected from the online Delphi survey (rounds 1 and 2) and the in-person meeting. 
Suggestions are not sport specific.

Function, Disease Specific Psychological PROMs Related to Sports

Kerlan-Jobe Orthopaedic Clinic overhead athlete scores1 
Shoulder Instability Return to Sport after Injury scale37 
Oslo Sports Trauma Research Centre Overuse Injury Questionnaire21 
Functional Arm Scale for Throwers80

Injury-Psychological Readiness to Return to Sport scale38 
Shoulder Instability Return to Sport after Injury scalea

Psychological readiness/confidence score/self-efficacy scoreb

Abbreviation: PROM, patient-reported outcome measure.
aPsychological readiness subscale.
bUsing a 0-to-10 numeric rating scale.
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SHOULDER-SPECIFIC PATIENT-REPORTED OUTCOME MEASURES SUGGESTED BY 
THE DELPHI GROUP FOR SUPPORTING RETURN-TO-SPORT DECISIONS

The following table is a list of patient-reported outcome measures collected from the online Delphi survey (rounds 1 and 2) and the in-person meeting. 
Suggestions are not sport specific.

General Shoulder Function Disease Specific

Shoulder Pain and Disability Index
American Shoulder and Elbow Surgeons standardized shoulder assessment form
Disabilities of the Arm, Shoulder and Hand questionnaire
Constant-Murley score
Penn Shoulder Score (satisfaction, function, pain)
Patient-Specific Functional Scale
Simple shoulder test

Western Ontario Shoulder Instability Index
Melbourne Instability Shoulder Scale

APPENDIX C
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