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Summary 

Ice hockey is a high-impact sport with a high risk of a wide variety of injuries. Several 

injury risk factors including high velocity on the ice, unintended collisions, rapid 

changes in direction and injuries from the board, puck and sticks can lead to player 

injuries. Although different extrinsic preventive strategies have been applied in ice 

hockey, intrinsic prevention strategies, e.g. exercise training programs, have scarcely 

been described. The overall objective of this thesis is to develop a protocol for a 

cluster-randomized feasibility study to evaluate an evidence-based injury prevention 

program for ice hockey players, addressing the most common overuse and traumatic 

injuries to the lower extremity. To achieve the overall objective, the available evidence 

of systematic reviews and meta-analyses on the effect of preventive exercise 

interventions for the lower extremity in team-sport athletes was synthesized; traumatic 

and overuse injuries of different Swiss professional ice hockey teams were assessed; 

and barriers and facilitators among players and staff members for adhering to an injury 

prevention program in professional male ice hockey teams were identified. 
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1.1 Swiss ice hockey 

Ice hockey is a popular high-impact, stop-and-go sport, especially in North America 

and Northern Europe. In Switzerland, ice hockey is nearly as popular as soccer with 

30,655 registered players.1 Swiss ice hockey received international attention with the 

first Spengler Cup tournament 1923 in Davos, which is considered the oldest annual 

invitational ice hockey tournament in the world. The highest national ice hockey level 

in Switzerland is the National League (NL) with 12 teams followed by the Swiss League. 

The Swiss men’s national ice hockey team won the silver medal at the adult men’s 

World Championships in 2013 and 2018. Several Swiss male ice hockey players are 

playing in the National Hockey League (NHL) in North America since 1987, which is 

considered the best league in the world. 

1.2 Injury definition 

An injury is defined as: ‘A physical complaint or observable damage to body tissue 

produced by the transfer of energy experienced or sustained by an athlete during 

participation in athletics training or competition, regardless of whether it received 

medical attention or its consequences with respect to impairments in connection with 

competition or training’.2 Injuries can be categorized either as a result of a traumatic 

event, i.e. a condition caused by an identifiable single external transfer of energy such 

as, for example, a collision leading to bone fracture, or overuse, i.e. there is no 

identifiable single external transfer of energy, but the condition is caused by multiple 

accumulative bouts of energy transfer such as multiple micro trauma leading, for 

example, to tendon tears.2 Injuries can result in decreased sporting function, loss of 

playing time, high financial burden for the athlete’s employer as well as the health 

care system, and an increased risk of re-injury and chronicity.3-6 It is therefore important 

to develop an injury prevention program for professional ice hockey players to prevent 

the risk of traumatic and overuse injuries. 
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1.3 Epidemiology of ice hockey injuries 

Ice hockey injury patterns have been evaluated in Northern Europe mainly in the 

1990s,7-11 but not yet in Switzerland. However, injury patterns may have changed over 

time as a result of increased player speed and aggressiveness.12 13 Depending on the 

surveillance methods used, the overall time-loss injury incidence in professional and 

collegiate Division I men’s ice hockey ranged from 4.9 to 15.6 per 1,000 athlete 

exposures with approximately 50-60 injuries per 1,000 player game-hours.13-15 Most 

traumatic injuries were localized to the head and face and to the thigh and knee 

region of the lower extremity.13-15 Overuse injuries mainly affected the hip/groin, knee 

and lumbar spine.6 10 11 16 By applying different surveillance methods and injury 

definitions, this has often led to reporting discrepancies in the frequency and type of 

both traumatic and overuse injuries.14 Previous surveillance systems mainly focused on 

traumatic injuries only and might not have captured the real number of overuse injuries 

due to the lack of surveillance methods.6 11 16 In fact, the evaluation of overuse injuries 

in ice hockey is scarce, although prevalences ranging from 8-69% have been 

reported.6 10 11 13 16 A new method for registration of overuse sport injuries has recently 

been developed,17 but is scarcely applied in ice hockey.6 11 16 

1.4 Ice hockey injury risk factors 

Injury risk factors may have extrinsic, e.g. sports venue, equipment and environmental, 

and intrinsic, e.g. age, sex, general health, physical fitness, origins.18 19 Body contact is 

common during ice hockey games; body checking is permitted in men’s ice hockey15 

and represents, in fact, the greatest risk factor for all traumatic ice hockey injuries.7 8 13-

15 20 Other risk factors including high velocity on the ice, rapid changes of direction, 

unintended collisions with the board, puck and sticks can lead to a wide variety of 

player injuries.7 8 13-15 20 21 Furthermore, a previous history of injuries increases the risk for 

a new injury.5 22 Muscle weakness has also been identified as a risk factor for traumatic 
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muscle injuries.23 The ice hockey skating pattern has been described to increase the 

risk for overuse injuries to the hip such as femoroacetabular impingement syndrome 

(FAIS),24 i.e. external rotation in hip abduction during push-off phase and internal 

rotation in hip flexion during recovery phase. In addition, muscle imbalance between 

hip and abdominal muscle strength, i.e. strong adductor muscles versus weak lower 

abdominal muscles, might be an underlying cause of athletic pubalgia.25 Another 

factor influencing the risk of overuse injuries might be the high training load during the 

summer months followed by a high match load during the season with an often full 

calendar, i.e. 2-3 games per week, including short recovery times.11 In general, lower 

levels of sport-specific training are associated with an increased risk of injury in sport.5 

1.5 Injury prevention in ice hockey 

In order to successfully prevent injuries, a systemic approach is necessary. The 

fundamental four-step model of van Mechelen et al.26 has been developed to guide 

prevention research. It is important to (A) determine the extent of the problem 

including the incidence and severity, (B) identify the causes including risk factors and 

mechanisms of injuries, (C) develop and implement an injury prevention strategy and 

(D) evaluate the strategies outcome (Figure 1). 
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Figure 1: The “sequence of prevention” of sports injuries as described by van 

Mechelen et al., 1992. 

The model begins with establishing the extent of injuries through a validated injury 

surveillance system followed by identifying injury risk factors and mechanisms through 

prospective analysis of specific injury patterns, developing and introducing preventive 

strategies to implement in the specific setting and finally, by evaluating these 

strategies through determining their impact on injury incidence.5 To develop 

preventive strategies in a sport-specific setting, it is important to first identify which 

exercise combinations are most effective as part of a lower extremity injury prevention 

program. For this reason, we initially conducted an umbrella review before evaluating 

the incidence, type and causes of ice hockey injuries. 

To achieve team success in decreasing injury rates, it is important to further understand 

influencing factors and their relationship.27 
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Figure 2: The injury prevention pyramid for elite sports teams described by  

Coles, 2017. 

According to the injury prevention pyramid for elite sports teams (Figure 2),27 the 

fundamental part of a team is to recruit players that are less prone to injuries followed 

by the optimal level of load that each player will tolerate during training sessions to 

increase players performance. In addition, high-quality strength and conditioning 

programs are crucial for an athlete’s development. Structured injury prevention 

programs can then be added to prevent specific injuries. At the top of the pyramid, it 

is of relevance to assess the level of function of a player with an ongoing injury until 

return to play and lastly, luck might play a small but important part if an athlete gets 

injured. The culture of a team as a whole as well as the psycho-social factors on each 

player within the team can influence every stage of the pyramid.27 Hence, developing 

an injury prevention program for the most common injuries in ice hockey is an 

important aspect for decreasing the risk of injuries besides other influencing team-

related factors. 
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Common extrinsic injury prevention strategies for ice hockey players comprise tougher 

rules and regulations, rink adaptations and equipment.28 Full-body protective 

equipment is required for ice hockey players and a helmet with a face protector 

became mandatory for all players being born after 1974 to protect the body from 

injuries. Flexible boards are not yet mandatory for ice hockey rinks in Switzerland, 

however they seem to have the potential to reduce the risk of injuries.15 29 Conversely, 

intrinsic intervention strategies such as training, e.g. muscle strength and endurance, 

range of motion, reaction time, proprioception, are only rarely described.23 The focus 

in this thesis will therefore be on the prevention of injuries using exercise training 

programs for the lower extremity in men’s ice hockey. 

1.6 Objectives of this thesis 

The overall objective of this thesis was to develop a protocol for a cluster-randomized 

feasibility study to evaluate an evidence-based injury prevention program for ice 

hockey players, addressing the most common overuse and traumatic injuries to the 

lower extremity. To achieve the overall objective, the specific aims for this thesis were 

the following:  

1. To summarize the available evidence from systematic reviews on the effects 

of injury prevention programs for the lower extremity in team-sport athletes 

- Study I 

2. To assess the frequency, type, location and incidence of traumatic injuries 

as well as the prevalence and the relative impact of overuse injuries in 

professional male ice hockey players in Switzerland during a one-year study 

period - Study II 

3. To identify barriers and facilitators among players and staff members for 

adhering to an injury prevention program in professional male ice hockey 

teams - Study III 
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4. To develop an evidence-based injury prevention program for ice hockey 

players, addressing the most common overuse and traumatic injuries to the 

lower extremity - Protocol 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Overview of specific study objectives forming the overall objective of 

this thesis. 

1.7 Outline 

To achieve the overall objective, three studies were conducted. On this basis, an 

evidence-based injury prevention program and a feasibility study protocol were 

developed. Each study and the protocol for an injury prevention program 

represent one chapter in this doctoral thesis. The final chapter discusses the main 

findings resulting from the different studies and describes implications and future 

directions. 

Synthesizing the 
effect of preventive 

exercise 
interventions for the 
lower extremity in 

athletes 

Study I

Assessing all 
traumatic and 

overuse body injuries 
over one year in 

different NL teams 

Study II

Identifying barriers 
and facilitators 

among players and 
staff members for 

adhering to an injury 
prevention program 

Study III 

Developing an evidence-
based injury prevention 

program for ice hockey players 
and planning of feasibility 

study 

 Protocol
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1.8 Methodology 

The first study (Chapter 1) aims to synthesize the available evidence of systematic 

reviews and meta-analyses on the effect of preventive exercise interventions for 

the lower extremity in team-sport athletes. To design an evidence-based injury 

prevention program for ice hockey players, it is important to identify effective 

combinations of single elements. Due to the lack of evidence in ice hockey team 

sport, the evidence of injury prevention programs was summarized, in general, in 

team-sport athletes. There is a large number of systematic reviews available on 

the effectiveness of injury prevention programs for the lower extremity in team-

sport athletes, and thus we aimed to perform an umbrella review. A literature 

search was performed until March 2016 using various databases: 

Pubmed/Medline, Scopus, The Cochrane Library and Physiotherapy Evidence 

Database (PEDro). The following search code was used for PubMed: (athlete OR 

sportsman OR sportswoman OR sport) AND (prevention OR intervention OR 

prophylaxis OR avoidance) AND (sport injury OR athletic injury OR sport accident 

OR sport trauma). Title and abstract screening of the retrieved hits were 

performed by two authors. The relevant full-text studies were read and selected 

independently by two authors. To evaluate the quality of the included systematic 

reviews, a measurement tool to assess systematic reviews (AMSTAR) was used.30 

To extract the data, a data extraction form for review of systematic reviews and 

research syntheses was used.31 Data extraction was performed independently by 

two reviewers. 

The second study (Chapter 2) aimed to assess injury incidence of all traumatic 

body injuries as well as the prevalence and burden of overuse injuries of different 

body parts in professional male ice hockey players in Switzerland during a one-

year period (preparatory phase and season). Traumatic injuries were assessed 

using a standardized injury report form13 that was filled out by one person 
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responsible for data collection, i.e. physiotherapist or massage therapist, of every 

participating team. The Oslo Sports Trauma Research Centre (OSTRC) overuse 

injury questionnaire17 was used to assess overall and substantial overuse injuries of 

the shoulders, lower back, hip/groin and knees and their relative burden for ice 

hockey players. The questionnaire was handed out to all ice hockey players for 

completion and thereafter collected by the person responsible for data 

collection of each team every second week. 

The third study (Chapter 3) aimed to identify barriers to and facilitators for an injury 

prevention program in professional male ice hockey teams among players and 

staff members. According to the social marketing theory,32 long-term adherence 

to an innovation, e.g. an injury prevention program, does not start with a ready 

product, e.g. specific exercises for an injury prevention program. However, the 

setting in which the innovation will be implemented needs, firstly, to be explored 

as well as the target group(s) needs to further develop change strategies and 

plan the implementation.32 In total, six professional ice hockey teams of the Swiss 

NL participated in this study, including a total of 148 ice hockey players and 11 

staff members. The participants filled out a questionnaire regarding the future 

implementation of an injury prevention program for the lower extremity in their 

teams. Frequency of ratings related to knowledge and perceptions, beliefs, 

adherence and habits were analyzed. Binary logistic regression analysis was 

applied to predict a relationship between the perceived benefit of an injury 

prevention program (high versus low) and player characteristics, i.e. age, 

nationality, level of education, total experience in the NL, previous lower 

extremity injuries. 

Based on the outcomes of study I–III and the available literature, a protocol 

(Chapter 4) was developed that aimed to plan the evaluation of the feasibility 

of an injury prevention program for the hip/groin, due to the high prevalence of 
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traumatic and overuse injuries affecting that region in ice hockey. In order to 

increase the chance of adherence, the injury prevention program comprises - 

besides standardized ice hockey specific strength and balance exercises - 

individual strength exercises for each hip muscle group. Feasibility of the program 

in a setting of ice hockey teams will be studied based on recruitment and dropout 

rates, use and adherence to the intervention, responsiveness and number of 

adverse events. The program will be applied to a junior ice hockey team in 

Switzerland and evaluated for its feasibility in the specific setting. 
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ABSTRACT
Objective To identify which exercise combinations 
are most effective as part of a lower extremity injury 
prevention programme for team-sport athletes.
Design Umbrella review.
Data sources A comprehensive literature search was 
performed in PubMed, Scopus, Cochrane Library and 
PEDro databases. Studies published between January 
2000 and March 2017 were included in this umbrella 
review.
Study eligibility criteria Moderate to high-quality 
systematic reviews that investigated the effectiveness 
of a combination of two or more exercise components, 
that is, strength, agility, plyometrics, balance, stretching, 
technique, warm-up and functional activity, regarding 
injury incidence/rate of lower extremity injuries in 
team-sport athletes. The methodological quality of the 
included systematic reviews was independently assessed 
by two reviewers using the Assessing the Methodological 
Quality of Systematic Reviews measurement tool and the 
Grading of Recommendations Assessment, Development 
and Evaluation guidelines were used to assess the overall 
quality of evidence for particular outcomes.
Results Twenty-four systematic reviews met the 
inclusion criteria. Multicomponent exercise interventions 
were effective in reducing the injury incidence/rate of 
lower extremity, knee, ACL and ankle injuries, but not 
groin injuries. Strength and balance exercise components 
were included in 10 of 11 effective injury prevention 
programmes for the lower extremity, knee, ACL and 
ankle injuries.
Summary/conclusion Lower extremity injury 
prevention programmes in team sports are effective in 
preventing lower extremity, knee, ACL and ankle injuries. 
Lower extremity muscle strength and balance exercises 
should be prioritised in lower extremity injury prevention 
programmes for team-sport athletes.

INTRODUCTION 
An average of 8.6 million sports-related injuries 
were documented per year between 2011 and 
2014 in the USA, which equates to an incidence 
rate of 34 injuries per 1000 persons.1 The majority 
of these injuries were lower extremity strains and 
sprains sustained during basketball, American foot-
ball and soccer (42%).1 A similar rate of 26 injuries 
per 1000 persons was calculated for the European 
Union, with a peak occurring in the 15–19 years 
age group.2 The most common traumatic injuries 
in team ball sports, such as basketball, volleyball, 
soccer and field hockey, are ligament injuries of the 

ankle (15% of all reported sports injuries), followed 
by the knee (3% of all reported sports inju-
ries),3 4 whereas overuse injuries mostly affect the 
groin area5 and represent 5%–10% of all sports-re-
lated injuries.6 

Injury risk factors may have intrinsic (eg, age, 
sex, general health, physical fitness) and extrinsic 
(eg, sports venue, equipment and environmental) 
origins.7 8 The risk for injuries associated with 
these intrinsic and extrinsic risk factors can be 
reduced if athletes complete specific exercise 
programmes.9–16 Previous systematic reviews have 
focused on evaluating the effectiveness of single 
exercise components (eg, balance) or combinations 
of two or more exercise components (eg, strength, 
agility, plyometrics and stretching); however, injury 
prevention programmes including balance training 
as a single-component exercise did not reduce the 
incidence of knee ligament injuries.10 14 Similarly, 
stretching did not reduce the incidence of lower 
extremity sports injuries.17

Injury prevention should be a primary goal for 
team-sport athletes of all ages and participation 
levels (eg, recreational, semiprofessional, profes-
sional) since an injury results in performance 
disability, loss of playing time, high financial burden 
for the athlete’s employer as well as the healthcare 
system and an increased risk of reinjury and chro-
nicity.6 However, it remains unclear which combi-
nations of exercise components are most effective 
in preventing lower extremity injuries. To identify 
the most effective exercise combinations, high-level 
synthesis of the available data, in the form of an 
umbrella review, is necessary.18

The objective of our umbrella review was to 
identify the most effective combinations of exercise 
elements for training programmes to prevent lower 
extremity injuries in team-sport athletes.

METHODS
This umbrella review was performed according 
to guidelines established by the working group of 
Aromataris et al.19 The study is registered in the 
International Prospective Register of Systematic 
Reviews (PROSPERO ID CRD42016041667).

Inclusion criteria
We applied the Assessing the Methodological Quality 
of Systematic Reviews (AMSTAR) rating system to 
rate and classify all reviews into low quality (scores 
of � Wo ≤3 SoLnWs�� PoderaWe TualLW\ �3 Wo ≤�� 
and KLJK TualLW\ �� Wo ≤���.20 Only moderate and 
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high-quality reviews were included. Reviews were included if 
published in either English or German between 1 January 2000 
and 31 March 2017. The following inclusion criteria were 
considered according to the Participant-Intervention-Compari-
son-Outcome process for evidence-based practice.21

Participants
Male and/or female athletes of all ages who participated in 
team sports at any level (ie, recreational, semiprofessional, 
professional).

Interventions
All types of multicomponent exercise interventions to prevent 
lower extremity injuries. Interventions using protective devices 
(ie, braces, tapes) or exercise programmes including only one 
exercise component were excluded (eg, injury prevention 
programmes using eccentric strength exercises only to prevent 
hamstring injuries).

Comparison group
Usual training (no additional training).

Outcome measures
Injury incidence or injury rate.

Search strategy
A systematic literature search was performed by one reviewer 
(RB) in the following electronic databases: PubMed, Scopus, 
Cochrane Library (Cochrane Database of Systematic Reviews) 
and Physiotherapy Evidence Database (PEDro). The following 
search terms were used for PubMed: (athlete OR sportsman 
OR sportswoman OR sport) AND (prevention OR interven-
tion OR prophylaxis OR avoidance) AND (sport injury OR 
athletic injury OR sport accident OR sport trauma). Search 
terms for the Scopus and Cochrane Library databases were: 
(‘injury prevention’ AND athlete OR sport). For the PEDro 
database, the following advanced search for systematic reviews 
was conducted: (injur* prevent* sport*). An expert in the field 
of preventive sports medicine (MB) identified through citation 
tracking any missing but relevant studies on the topic. Duplicates 
were identified and removed by one reviewer (RB).

Two reviewers (RB and NCC) then independently screened the 
titles and abstracts of all retrieved studies, and determined the 
eligibility of the potentially relevant full-text articles. If the deci-
sion of eligibility differed, a third reviewer was consulted (NAM) 
to evaluate the identified articles and reach final consensus on 
the inclusion of selected articles.

Methodological quality evaluation
Two reviewers (RB and KN) independently assessed the meth-
odological quality of the included systematic reviews using 
the AMSTAR tool. If the assessment was unclear, consensus 
was either reached by discussion or with the help of a third 
reviewer (NAM). The AMSTAR checklist is a reliable and valid 
instrument, which assesses the risk of systematic review bias.22 
It comprises 11 different domains that are answered with the 
following options: ‘yes’; ‘no’; ‘cannot answer’; and ‘not appli-
cable’; only a ‘yes’ answer is nominated with a score of 1 point.

To assess the overall quality of evidence of all included 
systematic reviews, we applied an adapted form of the Grading 
of Recommendations Assessment, Development and Evalua-
tion (GRADE) principles.23 There are five GRADE categories: 
high; moderate; low; very low; and no evidence from systematic 

review. A high GRADE defines a systematic review or meta-anal-
ysis consisting of at least two high-quality primary studies. A 
moderate GRADE defines a review including at least one high-
quality primary study or at least two moderate-quality primary 
studies. Low GRADE defines a review on only moderate-quality 
primary studies and/or inconsistent results in the primary studies. 
Very low GRADE refers to ‘no medium to high quality system-
atic review identified on this topic’. If the authors of the system-
atic review did not assess the quality of the primary studies (ie, 
no risk of bias assessment was conducted), they were classified 
as ‘no evidence from systematic review’ and the GRADE system 
was not applied.

Data extraction and analysis
Two reviewers (RB and BF) used a standardised data extraction 
form as part of the established umbrella review protocol to collect 
data from the included reviews.19 A third reviewer (NAM) was 
consulted when any ambiguity arose during this process. All data 
were stored and managed in Microsoft Excel 2010.

Injury incidences/rates were analysed separately for five lower 
extremity injury categories: (1) lower extremity injuries; (2) 
groin injuries; (3) knee injuries; (4) ACL injuries; and (5) ankle 
injuries. This categorisation was defined based on the terms 
mainly used to describe lower extremity injuries in the included 
systematic reviews/meta-analyses and primary studies. A detailed 
description of each injury category is listed in table 1.

We defined eight exercise element categories according to the 
common terms found (table 1): (1) strength; (2) agility; (3) plyo-
metric; (4) balance; (5) stretching; (6) technique; (7) warm-up; 
and (8) functional activities. Terms 1–5 were previously adopted 
from one of the included meta-analyses that tested the effective-
ness of each exercise component on ACL injury prevention.15 
Terms 6–8 were included because they represent frequent exer-
cise concepts. Term 6, technique, encompassed a correct lower 
extremity alignment technique while performing demanding 
weight-bearing tasks (eg, single-leg jumps with a focus on leg 

Table 1 Description of study outcomes and exercise elements

Study outcomes Description

Lower extremity injuries Lower limb injuries, all sports injuries, all injuries

Groin injuries Groin injuries

Knee injuries Knee joint injuries, acute knee injuries, undefined knee 
injuries

ACL injuries ACL injuries, non-contact ACL injuries

Ankle injuries Acute ankle injuries, ankle sprains, undefined ankle 
injuries

Exercise elements

  Strength Eccentric or concentric strength training, weight training, 
core stability or power training

  Agility Sport cord drills, sports-specific drills or running 
techniques

  Plyometric Jumping and rebounding exercises

  Balance Proprioception, neuromuscular training with wobble 
boards or balance mats, dynamic stability, body control or 
one-leg coordination

  Stretching Flexibility exercises

  Technique Single-leg jumps with focus on leg alignment, jumping 
and landing techniques, and neuromuscular control during 
landing manoeuvers

  Warm-up Aerobic exercises, muscle activation or unspecified basic 
warm-up (ie, jogging, trunk twists, jumping jacks)

  Functional activities Unspecified exercises for the lower and upper extremities
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alignment; jumping and landing techniques; neuromuscular 
control during landing).24–27 Term 7, warm-up, included aerobic 
exercises, muscle activation or non-specific basic warm-up exer-
cises such as jogging, trunk twists and jumping jacks. Term 8, 
functional activities, comprised all non-specific exercise elements 
for lower and upper extremities as part of the injury preven-
tion programmes found in the studies included in this umbrella 
review.

Characteristics of the selected systematic reviews/meta-anal-
yses including the AMSTAR and GRADE scores, number of 
participants, combination of exercise elements, heterogeneity 
between primary studies (I2) as well as results, findings and 
authors’ conclusions are presented in online e-Supplement 1. 
Within each review/meta-analysis one28 to ten11 different combi-
nations of exercise elements were presented.

A summary of the effectiveness of exercise element combi-
nations was made for each injury category, including the mean 
methodological quality (summary of AMSTAR scores divided by 
the number of systematic reviews including the exercise element 
combinations to strengthen the overall results) and overall results. 
We used a traffic light system to visually summarise the effective-
ness of each exercise element combination in reducing the injury 
incidence/rate per injury category. A green light was set for studies 
with effective overall results (ie, agreement on the effectiveness 
of exercise element combinations). An orange light was indica-
tive of studies with inconsistent overall results (ie, disagreement 
on the effectiveness of exercise element combinations), and a red 

light of ineffective overall results (ie, agreement on the ineffec-
tiveness of exercise element combinations).19

RESULTS
Our database search identified a total of 1530 records with three 
additional studies found by our content expert (MB) (figure 1). 
After duplicates were removed, 1344 records were screened 
for titles and abstracts. A further 1291 studies were excluded, 
mainly because the study outcome did not match the one defined 
at the outset of our review. Of 53 full-text articles evaluated, 21 
systematic reviews were excluded for various reasons (figure 1: 
Eligibility).29–49 The 32 remaining systematic reviews were eval-
uated for methodological quality.

Methodological quality evaluation
The overall methodological quality of the 32 included reviews 
is summarised in figure 2. Eight reviews had a total AMSTAR 
score of ≤3 and were excluded.50–57 For the remaining 24 
reviews,6 9–11 13–17 24 28 58–70 the following AMSTAR criteria were 
under-reported: using the status of publication as an inclusion 
criterion11 29 56–58 61 64; providing an a priori design6 12 17 64; listing 
all included and excluded primary studies9 10 17; and stating a 
conflict of interest.30 The majority (n=17) of the 24 included 
systematic reviews were based on high-quality primary studies 
(ie, high GRADE) for the outcome of lower extremity, knee, ACL 
and ankle injuries. Two systematic reviews were of moderate 

Figure 1 Flow chart of the study selection process.
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GRADE regarding the outcome of ACL injuries24 68 and four 
systematic reviews were of low GRADE regarding the outcome 
of lower extremity, groin and ACL injuries6 13 64 67; one system-
atic review did not assess the quality of the primary studies 
regarding the outcome of ACL injuries.16

Effectiveness of exercise element combinations
Twenty-six primary studies were included in the analysed system-
atic reviews.

Ten systematic reviews evaluated eight different exer-
cise element combinations, of which three exercise element 
combinations were effective in reducing the lower extremity 
injury incidence/rate (table 2). These effective injury preven-
tion programmes encompassed three different combinations: 
strength, plyometric, balance, stretching, warm-up; strength, 
agility, plyometric, balance; and the combination of balance, 
stretching and warm-up exercises.

For the groin, there were no effective exercise element combi-
nations identified in five systematic reviews (table 2).

Eight systematic reviews reported two combinations of exer-
cise elements as effective in preventing knee injuries (table 2). 
These effective injury prevention programmes encompassed 
two different exercise combinations: strength, agility, balance, 
stretching, technique; and strength, agility, balance, warm-up.

From a total of 10 exercise element combinations focused on 
reducing ACL injuries, two different exercise combinations were 
considered effective: strength, plyometric, balance, stretching, 
warm-up; and strength, agility, balance, warm-up (table 2).

Four combinations of exercise elements were effective in 
preventing ankle injuries (table 2); these injury prevention 
programmes included the exercise elements of strength, agility, 
plyometrics, balance, stretching, technique and warm-up.

Overall, there were 11 combinations of exercise elements that 
were effective in reducing the injury incidences/rates. Strength 
and balance exercises were included in 10 effective injury preven-
tion programmes. For lower extremity injuries, balance exercises 
were included in all three effective injury prevention programmes. 
Strength, plyometrics, stretching and warm-up exercises were 
included in two programmes. For knee injuries, strength, balance 
and agility exercises were included in all three effective injury 

prevention programmes. Stretching, technique and warm-up exer-
cises were included in two programmes. For ACL injuries, the 
two effective injury prevention programmes included strength, 
balance and warm-up exercises. Strength was included in all four 
effective ankle injury prevention programmes. Balance, agility and 
stretching exercises were included in three effective ankle injury 
prevention programmes.

DISCUSSION
Based on 24 moderate to high-quality systematic reviews and 
meta-analyses, we found that multicomponent exercise inter-
ventions were effective in reducing the injury incidence/rate of 
lower extremity, knee, ACL and ankle injuries, but not of groin 
injuries. The most frequent elements of a neuromuscular training 
programme were a combination of strength and balance exercises.

Several meta-analyses included in this umbrella review showed 
a beneficial effect of multicomponent exercise programmes for 
different outcomes (ie, lower extremity, knee, ACL and ankle 
injuries).10 13–17 The combination of strength and balance exer-
cises enhanced the effect of an injury prevention programme.17 
Strengthening and proximal control exercises (eg, exercises 
involving segments proximal to the knee joint) were associated 
with a reduction in ACL injuries.14 On the other hand, injury 
prevention programmes including balance exercises compared 
with programmes without balance exercises did not reveal any 
additional effect in reducing ACL injuries.14 16 However, the 
authors of the systematic reviews did claim the importance of 
balance exercises in combination with other types of exercises 
for reducing ACL injuries.14 16

In contrast to strength and balance exercises, the exercise 
components stretching, agility, plyometrics and technique were less 
frequent in programmes aimed at reducing lower extremity, knee, 
ACL and ankle injury incidence/rate. According to a meta-analysis 
included in this umbrella review, stretching added no beneficial 
effect in decreasing sports injuries.17 Several other studies31–34 71 72 
also found limited evidence to support the benefits of stretching 
before or after training for injury prevention. Stretching increases 
flexibility,73 which is an important quality in specific team sports 
and playing positions (eg, an ice hockey goalkeeper needs more 
hip flexibility compared with a field player). Yet higher flexibility 

Figure 2 Overall results of the Assessing the Methodological Quality of Systematic Reviews (AMSTAR) checklist (n=32).
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was not associated with a lower risk of injuries.71 Thus, the compo-
nent stretching may not add much additional benefit to a lower 
extremity injury prevention programme.

Our finding of no beneficial effect of prevention programmes 
with and without plyometric exercises on ACL injuries supports 
previous research.14 However, this area is not unanimous, and 
it is possible that plyometric exercises may be effective for ACL 
injury prevention.

No subgroup analysis within a meta-analysis to assess the specific 
effectiveness of agility exercises was conducted. Only one system-
atic review included in this umbrella review claimed the impor-
tance of agility exercises incorporated into a multicomponent 
injury prevention programme to reduce the risk of ACL injuries in 
female athletes.24 It has been shown that a combination of agility 
and plyometric exercises contributed to a risk reduction that was 
associated with knee valgus angles and moments.4 A combination 
of plyometric and agility exercises might therefore protect the knee 
joint during dynamic movements14 and be beneficial in reducing 
ACL injuries when included in injury prevention programmes.

Technique exercises described in the included reviews focused 
on leg alignment during landing manoeuvers following a jump. 
Technique exercises may be less important because jumping was 
not a usual action in all the team sports considered in this umbrella 
review (ie, floorball and soccer). Nevertheless, landing technique 
exercises have been successfully applied to decrease knee varus/
valgus moments27; various studies used visual feedback and/or 
education on dangerous knee postures to modify landing manoeu-
vres.25-27 74 75 However, the authors might not have classified that 
as an exercise itself, which might lead to a reporting bias of tech-
nique exercises, and is therefore considered as less important in 
this umbrella review.

There are two types of injuries that require differentiation 
based on their occurrence: traumatic and overuse. All articles 
considered in this umbrella review focused on traumatic injuries. 
Therefore, making any conclusions about the effects of injury 
prevention programmes on reducing the rate of overuse inju-
ries is not justified. It was previously reported that groin injuries 
are mainly overuse in origin5 and represent a serious problem in 
many sports.76 77 However, a recent meta-analysis, included in our 
umbrella review,6 reported a total number of groin injuries that was 
very low in comparison to other injury types. Despite the relatively 
large sample size, there were only traumatic injuries examined, 
which may indicate a reporting bias. It is important to systemat-
ically assess all overuse injuries in addition to traumatic injuries in 
future primary studies. Detailed prevalence data of overuse inju-
ries may support the development of overuse-specific prevention 
programmes.

Strengths and limitations
Our umbrella review ensured a high-level synthesis of the 
evidence18 regarding injury prevention programmes in team-sport 
athletes and allowed to identify the most frequent exercise combi-
nations for lower extremity injury prevention.

Due to study participant heterogeneity, it was not possible to 
stratify the main findings by age, sex, type of sports and level of 
play. One problem inherent in a study of this kind is the definition 
of outcomes assessed in the reviews. For example, various reviews 
used the outcome knee injuries, whereas others specifically used 
the outcome ACL injuries. We presume that some reviews with 
the outcome knee injuries might also have included ACL injuries. 
However, this did not influence the outcome of this umbrella 
review because ACL injuries were considered as knee ligament 
injuries. Some reviews used different exercise descriptions or Re

fe
re

nc
es

Co
m

bi
na

ti
on

 o
f 

ex
er

ci
se

 e
le

m
en

ts

St
re

ng
th

A
gi

lit
y

Pl
yo

m
et

ri
cs

Ba
la

nc
e

St
re

tc
hi

ng
Te

ch
ni

qu
e

W
ar

m
-u

p
Fu

nc
ti

on
al

 a
ct

iv
it

y

M
ea

n 
m

et
ho

do
lo

gi
ca

l 
qu

al
it

y 
(A

M
ST

A
R)

Ef
fe

ct
iv

en
es

s 
of

 e
xe

rc
is

e 
el

em
en

t 
co

m
bi

na
ti

on
s

(t
ra

ffi
c 

lig
ht

 in
di

ca
to

r*
)

 
 Pa

sa
ne

n 
in

cl
ud

ed
 in

 S
R 

10
x

x
x

x
x

7
Ef

fe
ct

iv
e

 
 La

Be
lla

 in
cl

ud
ed

 in
 S

R 
9

x
x

x
x

6
In

ef
fe

ct
iv

e

 
 O

ls
en

 in
cl

ud
ed

 in
 S

Rs
 1

0;
 1

7;
 6

0
x

x
x

x
7

Ef
fe

ct
iv

e

 
 En

ge
br

et
se

n 
in

cl
ud

ed
 in

 S
Rs

 5
9;

 6
3;

 6
4

x
x

x
x

6.
7

In
co

ns
is

te
nt

 
 Em

er
y 

an
d 

M
ee

uw
is

se
 in

cl
ud

ed
 in

 S
R 

63
x

x
x

x
x

6
Ef

fe
ct

iv
e

 
 H

ei
dt

 in
cl

ud
ed

 in
 S

R 
63

x
x

x
x

x
6

Ef
fe

ct
iv

e

*R
ep

re
se

nt
in

g 
th

e 
ef

fe
ct

iv
en

es
s 

of
 th

e 
ex

er
ci

se
 e

le
m

en
t c

om
bi

na
tio

n 
in

 re
du

ci
ng

 th
e 

in
ju

ry
 in

ci
de

nc
e/

ra
te

 a
pp

lie
d 

in
  p

er
 in

ju
ry

 c
at

eg
or

y.
A

M
ST

A
R,

 A
ss

es
si

ng
 th

e 
M

et
ho

do
lo

gi
ca

l Q
ua

lit
y 

of
 S

ys
te

m
at

ic
 R

ev
ie

w
s;

 S
R,

 s
ys

te
m

at
ic

 re
vi

ew
.

Ta
bl

e 
2 

Co
nt

in
ue

d 

34



7Brunner R, et al. Br J Sports Med 2018;0:1–8. doi:10.1136/bjsports-2017-098944

Review

poorly reported the type of exercise element in the prevention 
programmes. This may have led to a misclassification of exercise 
elements. Various authors classified jumping as plyometrics, which 
can also be interpreted as landing technique exercises. We also 
speculate that participants in the primary studies may have been 
trained to focus on leg alignment during landing, while alignment 
during landing was not considered as an exercise itself. Therefore, 
there is a risk for reporting bias.

Many of the reviews included in our umbrella review included 
the same primary studies and concluded on the same available 
data, which reveals a large overlap among published systematic 
reviews and meta-analyses. What appears to be a large number 
of primary studies and evidence could partly be due to an over-
publication of systematic reviews and meta-analyses on the topic 
of injury prevention. We encountered some reporting bias within 
the reviews and primary studies regarding a detailed description 
of the types of intervention and degree of compliance. Therefore, 
we could not formulate recommendations for specific exercise 
modalities (eg, contraction type, load or execution speed when 
performing strength exercises). A systematic documentation of 
prevention programmes including the target group, a detailed 
exercise description using the frequency, intensity/type, time prin-
ciples, and description of delivery agents should be considered in 
future studies to enhance generalisability and reproducibility.78 
Particularly for groin injuries, improved reporting of prevalence 
data is required. More high-quality intervention studies are also 
needed to accurately evaluate the effectiveness of multicompo-
nent programmes for specifically preventing traumatic as well as 
overuse injuries.

CONCLUSIONS
Multicomponent lower extremity exercise programmes were effec-
tive in preventing lower extremity, knee, ACL and ankle injuries in 
the team sports of soccer, floorball, Australian and American foot-
ball, basketball, handball and volleyball for all age levels and sex. 

Muscle strength and balance exercises seem to be the most frequent 
components in a lower extremity injury prevention programme.

Contributors RB: conception and design, literature search, methodological quality 
assessment, data extraction, data analysis, data interpretation, drafting of the 
manuscript, revision/editing of the manuscript, final approval of the manuscript, 
agreement to be accountable for all aspects of the work. BF: data extraction, 
critical revision of the manuscript, final approval of the manuscript, agreement to 
be accountable for all aspects of the work. NCC and MB: literature search, critical 
revision of the manuscript, final approval of the manuscript, agreement to be 
accountable for all aspects of the work. NAM: conception and design, disagreement 
solving, critical revising of the manuscript, final approval of the manuscript, 
agreement to be accountable for all aspects of the work. KN: conception and design, 
methodological quality assessment, data analysis, data interpretation, critical revision 
of the manuscript, final approval of the manuscript, agreement to be accountable for 
all aspects of the work.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors. 

Competing interests None declared.

Patient consent Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
 1 Sheu Y, Chen LH, Hedegaard H. Sports- and recreation-related injury episodes in the 

United States, 2011-2014. Natl Health Stat Report 2016:1–12.
 2 EuroSafe: Injuries in the European Union. Summary on injury statistics 2012-2014. 

http://www. bridge- health. eu/ sites/ default/ files/ EuropeSafe_ Master_ R4_ SinglePage_ 
12102016% 20% 281% 29. pdf (accessed 8 Nov 2017).

 3 Ter Stege MH, Dallinga JM, Benjaminse A, et al. Effect of interventions on potential, 
modifiable risk factors for knee injury in team ball sports: a systematic review. Sports 
Med 2014;44:1403–26.

 4 Hootman JM, Dick R, Agel J. Epidemiology of collegiate injuries for 15 sports: 
summary and recommendations for injury prevention initiatives. J Athl Train 
2007;42:311–9.

 5 Pettersson M, Lorentzon R. Ice hockey injuries: a 4-year prospective study of a 
Swedish élite ice hockey team. Br J Sports Med 1993;27:251–4.

 6 Esteve E, Rathleff MS, Bagur-Calafat C, et al. Prevention of groin injuries in sports: a 
systematic review with meta-analysis of randomised controlled trials. Br J Sports Med 
2015;49:785–91.

 7 Meeuwisse WH. Assessing causation in sport injury: a multifactorial model. Clin J 
Sport Med 1994;4:166–70.

 8 Bahr R, Holme I. Risk factors for sports injuries--a methodological approach. Br J 
Sports Med 2003;37:384–92.

 9 Herman K, Barton C, Malliaras P, et al. The effectiveness of neuromuscular warm-up 
strategies, that require no additional equipment, for preventing lower limb injuries 
during sports participation: a systematic review. BMC Med 2012;10:75.

 10 Hübscher M, Zech A, Pfeifer K, et al. Neuromuscular training for sports injury 
prevention: a systematic review. Med Sci Sports Exerc 2010;42:413–21.

 11 Myer GD, Sugimoto D, Thomas S, et al. The influence of age on the effectiveness of 
neuromuscular training to reduce anterior cruciate ligament injury in female athletes: 
a meta-analysis. Am J Sports Med 2013;41:203–15.

 12 Rössler R, Donath L, Verhagen E, et al. Exercise-based injury prevention in child 
and adolescent sport: a systematic review and meta-analysis. Sports Medicine 
2014;44:1733–48.

 13 Sadoghi P, von Keudell A, Vavken P. Effectiveness of anterior cruciate ligament injury 
prevention training programs. J Bone Joint Surg Am 2012;94:769–76.

 14 Sugimoto D, Myer GD, Foss KD, et al. Specific exercise effects of preventive 
neuromuscular training intervention on anterior cruciate ligament injury risk 
reduction in young females: meta-analysis and subgroup analysis. Br J Sports Med 
2015;49:282–9.

 15 Taylor JB, Waxman JP, Richter SJ, et al. Evaluation of the effectiveness of anterior 
cruciate ligament injury prevention programme training components: a systematic 
review and meta-analysis. Br J Sports Med 2015;49:79–87.

 16 Yoo JH, Lim BO, Ha M, et al. A meta-analysis of the effect of neuromuscular training 
on the prevention of the anterior cruciate ligament injury in female athletes. Knee 
Surg Sports Traumatol Arthrosc 2010;18:824–30.

 17 Lauersen JB, Bertelsen DM, Andersen LB. The effectiveness of exercise interventions 
to prevent sports injuries: a systematic review and meta-analysis of randomised 
controlled trials. Br J Sports Med 2014;48:871–7.

 18 Ioannidis J. Next-generation systematic reviews: prospective meta-analysis, individual-
level data, networks and umbrella reviews. Br J Sports Med 2017;51:1456–8.

 19 Aromataris E, Fernandez R, Godfrey CM, et al. Summarizing systematic reviews: 
methodological development, conduct and reporting of an umbrella review approach. 
Int J Evid Based Healthc 2015;13:132–40.

What is already known

 ► There is a large number of systematic reviews available on 
the effectiveness of injury prevention programmes for the 
lower extremity in team-sport athletes.

 ► Injury prevention programmes reduce the risk of traumatic 
injuries of the lower extremity in athletes.

 ► Multicomponent prevention programmes are more effective 
compared with single element prevention programmes.

What are the new findings

 ► In 10 of 11 effective injury prevention programmes regarding 
lower extremity, knee, ACL and ankle injuries, strength and 
balance are considered the most important exercise elements 
for team-sport athletes.

 ► Agility and plyometric exercises might be beneficial in 
reducing the ACL injury incidence/rate when performed in 
combination with strength and balance exercises as part of 
an injury prevention programme.

 ► Due to the heterogeneity of methodological descriptions 
in the reviews, it is impossible to draw conclusions about 
the specific intervention(s) for each exercise category as 
well as the frequency and intensity of an injury prevention 
programme.

35



8 Brunner R, et al. Br J Sports Med 2018;0:1–8. doi:10.1136/bjsports-2017-098944

Review

20 Sharif MO, Janjua-Sharif FN, Sharif FN, et al. Systematic reviews explained: 
AMSTAR-how to tell the good from the bad and the ugly. Oral Health Dent Manag 
2013;12:9–16.

21 Miller SA, Forrest JL. Enhancing your practice through evidence-based decision 
making: PICO, learning how to ask good questions. Journal of Evidence Based Dental 
Practice 2001;1:136–41.

22 Shea BJ, Hamel C, Wells GA, et al. AMSTAR is a reliable and valid measurement 
tool to assess the methodological quality of systematic reviews. J Clin Epidemiol 
2009;62:1013–20.

23 Moe RH, Haavardsholm EA, Christie A, et al. Effectiveness of nonpharmacological and 
nonsurgical interventions for hip osteoarthritis: an umbrella review of high-quality 
systematic reviews. Phys Ther 2007;87:1716–27.

24 Grindstaff TL, Hammill RR, Tuzson AE, et al. Neuromuscular control training programs 
and noncontact anterior cruciate ligament injury rates in female athletes: a numbers-
needed-to-treat analysis. J Athl Train 2006;41:450–6.

25 Oñate JA, Guskiewicz KM, Marshall SW, et al. Instruction of jump-landing technique 
using videotape feedback: altering lower extremity motion patterns. Am J Sports Med 
2005;33:831–42.

26 Milner CE, Fairbrother JT, Srivatsan A, et al. Simple verbal instruction improves knee 
biomechanics during landing in female athletes. Knee 2012;19:399–403.

27 Myer GD, Ford KR, Hewett TE. Rationale and clinical techniques for anterior cruciate 
ligament injury prevention among female athletes. J Athl Train 2004;39:352–64.

28 Al Attar WS, Soomro N, Pappas E, et al. How effective are F-marc injury prevention 
programs for soccer players? A systematic review and meta-analysis. Sports Med 
2016;46:205–17.

29 Sugimoto D, Myer GD, Bush HM, et al. Compliance with neuromuscular training and 
anterior cruciate ligament injury risk reduction in female athletes: a meta-analysis. J 
Athl Train 2012;47:714–23.

30 Sugimoto D, Myer GD, Foss KD, et al. Dosage effects of neuromuscular training 
intervention to reduce anterior cruciate ligament injuries in female athletes: meta- 
and sub-group analyses. Sports Med 2014;44:551–62.

31 Lewis J. A systematic literature review of the relationship between stretching and 
athletic injury prevention. Orthop Nurs 2014;33:312–20.

32 Small K, Mc Naughton L, Matthews M. A systematic review into the efficacy of static 
stretching as part of a warm-up for the prevention of exercise-related injury. Res 
Sports Med 2008;16:213–31.

33 Thacker SB, Gilchrist J, Stroup DF, et al. The impact of stretching on sports injury risk: a 
systematic review of the literature. Med Sci Sports Exerc 2004;36:371–8.

34 Weldon SM, Hill RH, Hrh WSM. The efficacy of stretching for prevention of exercise-
related injury: a systematic review of the literature. Man Ther 2003;8:141–50.

35 Aaltonen S, Karjalainen H, Heinonen A, et al. Prevention of sports injuries: systematic 
review of randomized controlled trials. Arch Intern Med 2007;167:1585–92.

36 Abernethy L, Bleakley C. Strategies to prevent injury in adolescent sport: a systematic 
review. Br J Sports Med 2007;41:627–38.

37 Grimm NL, Shea KG, Leaver RW, et al. Efficacy and degree of bias in knee 
injury prevention studies: a systematic review of RCTs. Clin Orthop Relat Res 
2013;471:308–16.

38 Handoll HH, Rowe BH, Quinn KM, et al. Interventions for preventing ankle ligament 
injuries. Cochrane Database Syst Rev 2001;3:CD000018.

39 Leppänen M, Aaltonen S, Parkkari J, et al. Interventions to prevent sports related 
injuries: a systematic review and meta-analysis of randomised controlled trials. Sports 
Med 2014;44:473–86.

40 McGuine T. Sports injuries in high school athletes: a review of injury-risk and injury-
prevention research. Clin J Sport Med 2006;16:488–99.

41 Thacker SB, Stroup DF, Branche CM, et al. Prevention of knee injuries in sports. A 
systematic review of the literature. J Sports Med Phys Fitness 2003;43:165.

42 Verhagen EA, van Mechelen W, de Vente W. The effect of preventive measures on the 
incidence of ankle sprains. Clin J Sport Med 2000;10:291–6.

43 Verhagen EA, Bay K. Optimising ankle sprain prevention: a critical review and 
practical appraisal of the literature. Br J Sports Med 2010;44:1082–8.

44 Goode AP, Reiman MP, Harris L, et al. Eccentric training for prevention of hamstring 
injuries may depend on intervention compliance: a systematic review and meta-
analysis. Br J Sports Med 2015;49:349–56.

45 Hibbert O, Cheong K, Grant A, et al. A systematic review of the effectiveness of 
eccentric strength training in the prevention of hamstring muscle strains in otherwise 
healthy individuals. N Am J Sports Phys Ther 2008;3:67–81.

46 Schiftan GS, Ross LA, Hahne AJ. The effectiveness of proprioceptive training in 
preventing ankle sprains in sporting populations: a systematic review and meta-
analysis. J Sci Med Sport 2015;18:238–44.

47 Goldman EF, Jones DE. Interventions for preventing hamstring injuries. Cochrane 
Database Syst Rev 2010;20:CD006782.

48 Olsen L, Scanlan A, MacKay M, et al. Strategies for prevention of soccer related 
injuries: a systematic review. Br J Sports Med 2004;38:89–94.

49 Whittaker JL, Small C, Maffey L, et al. Risk factors for groin injury in sport: an updated 
systematic review. Br J Sports Med 2015;49:803–9.

50 Barengo NC, Meneses-Echávez JF, Ramírez-Vélez R, et al. The impact of the FIFA 11+ 
training program on injury prevention in football players: a systematic review. Int J 
Environ Res Public Health 2014;11:11986–2000.

 51 Frisch A, Croisier JL, Urhausen A, et al. Injuries, risk factors and prevention initiatives 
in youth sport. Br Med Bull 2009;92:95–121.

 52 Hewett TE, Myer GD. Reducing knee and anterior cruciate ligament injuries among 
female athletes. J Knee Surg 2005;18:82–8.

 53 Hewett TE, Ford KR, Myer GD. Anterior cruciate ligament injuries in female athletes: 
Part 2, a meta-analysis of neuromuscular interventions aimed at injury prevention. Am 
J Sports Med 2006;34:490–8.

 54 Kirkendall DT, Junge A, Dvorak J. Prevention of football injuries. Asian J Sports Med 
2010;1:81–92.

 55 Michaelidis M, Koumantakis GA. Effects of knee injury primary prevention programs 
on anterior cruciate ligament injury rates in female athletes in different sports: a 
systematic review. Phys Ther Sport 2014;15:200–10.

 56 Noyes FR, Barber-Westin SD. Neuromuscular retraining intervention programs: do 
they reduce noncontact anterior cruciate ligament injury rates in adolescent female 
athletes? Arthroscopy 2014;30:245–55.

 57 Noyes FR, Barber Westin SD. Anterior cruciate ligament injury prevention training 
in female athletes: a systematic review of injury reduction and results of athletic 
performance tests. Sports Health 2012;4:36–46.

 58 Alentorn-Geli E, Mendiguchía J, Samuelsson K, et al. Prevention of non-contact 
anterior cruciate ligament injuries in sports. Part II: systematic review of the 
effectiveness of prevention programmes in male athletes. Knee Surg Sports Traumatol 
Arthrosc 2014;22:16–25.

 59 Andrew N, Gabbe BJ, Cook J, et al. Could targeted exercise programmes prevent 
lower limb injury in community Australian football? Sports Med 2013;43:751–63.

 60 Fradkin AJ, Gabbe BJ, Cameron PA. Does warming up prevent injury in sport? The 
evidence from randomised controlled trials? J Sci Med Sport 2006;9:214–20.

 61 Gagnier JJ, Morgenstern H, Chess L. Interventions designed to prevent anterior 
cruciate ligament injuries in adolescents and adults: a systematic review and meta-
analysis. Am J Sports Med 2013;41:1952–62.

 62 Grimm NL, Jacobs JC, Kim J, et al. Anterior cruciate ligament and knee injury 
prevention programs for soccer players: a systematic review and meta-analysis. Am J 
Sports Med 2015;43:2049–56.

 63 Grimm NL, Jacobs JC, Kim J, et al. Ankle injury prevention programs for 
soccer athletes are protective: a level-i meta-analysis. J Bone Joint Surg Am 
2016;98:1436–43.

 64 Porter T, Rushton A. The efficacy of exercise in preventing injury in adult male football: 
a systematic review of randomised controlled trials. Sports Med Open 2015;1:4.

 65 Rössler R, Donath L, Verhagen E, et al. Exercise-based injury prevention in 
child and adolescent sport: a systematic review and meta-analysis. Sports Med 
2014;44:1733–48.

 66 Soomro N, Sanders R, Hackett D, et al. The efficacy of injury prevention programs in 
adolescent team sports: a meta-analysis. Am J Sports Med 2016;44:2415–24.

 67 Stevenson JH, Beattie CS, Schwartz JB, et al. Assessing the effectiveness of 
neuromuscular training programs in reducing the incidence of anterior cruciate 
ligament injuries in female athletes: a systematic review. Am J Sports Med 
2015;43:482–90.

 68 Stojanovic MD, Ostojic SM. Preventing ACL injuries in team-sport athletes: a 
systematic review of training interventions. Res Sports Med 2012;20:223–38.

 69 Sugimoto D, Myer GD, McKeon JM, et al. Evaluation of the effectiveness of 
neuromuscular training to reduce anterior cruciate ligament injury in female athletes: 
a critical review of relative risk reduction and numbers-needed-to-treat analyses. Br J 
Sports Med 2012;46:979–88.

 70 van Beijsterveldt AM, van der Horst N, van de Port IG, et al. How effective are 
exercise-based injury prevention programmes for soccer players? A systematic review. 
Sports Med 2013;43:257–65.

 71 Shrier I. Stretching before exercise does not reduce the risk of local muscle injury: 
a critical review of the clinical and basic science literature. Clin J Sport Med 
1999;9:221–7.

 72 Witvrouw E, Mahieu N, Danneels L, et al. Stretching and injury prevention: an obscure 
relationship. Sports Med 2004;34:443–9.

 73 Bandy WD, Irion JM, Briggler M. The effect of time and frequency of static stretching 
on flexibility of the hamstring muscles. Phys Ther 1997;77:1090–6.

 74 Hewett TE, Myer GD, Ford KR, et al. Mechanisms, prediction, and prevention of 
ACL injuries: Cut risk with three sharpened and validated tools. J Orthop Res 
2016;34:1843–55.

 75 Sugimoto D, Alentorn-Geli E, Mendiguchía J, et al. Biomechanical and 
neuromuscular characteristics of male athletes: implications for the development 
of anterior cruciate ligament injury prevention programs. Sports Med 
2015;45:809–22.

 76 Bahr R. No injuries, but plenty of pain? On the methodology for recording overuse 
symptoms in sports. Br J Sports Med 2009;43:966–72.

 77 Clarsen B, Myklebust G, Bahr R. Development and validation of a new method for 
the registration of overuse injuries in sports injury epidemiology: the Oslo Sports 
Trauma Research Centre (OSTRC) overuse injury questionnaire. Br J Sports Med 
2013;47:495–502.

 78 O’Brien J, Donaldson A, Barbery G, et al. The three must-do’s of intervention reporting: 
enhancing sports injury prevention research. Br J Sports Med 2014;48:1267–9.

36



 

Chapter 3 

Epidemiology of traumatic and overuse injuries in Swiss 
professional male ice hockey players 
 

Brunner R, Bizzini M, Niedermann K, Maffiuletti NA. 2rthopaeGiF Journal of SportV 
0eGiFine 2020;810:2325967120964720.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

37



 

Hockey Club Davos [Internet]. Logo. [cited 2020, October 30]. Available from: 
https://www.hcd.ch/modules/customer/themes/smhcd/img/logo.png 
 
EHC Kloten [Internet]. Logo. [cited 2020, October 30]. Available from: 
https://www.knecht-reisen.ch/reisewelten/wp-
content/uploads/2017/11/123_EHC-Kloten_NHL-
Reise_fitnessholidays_KF_2016_Logo_EHCSchrift-1500x666.jpg 
 
SCL Tigers [Internet]. Logo. [cited 2020, October 30]. Available from: 
https://www.scltigers.ch/wp-content/uploads/news_tigers.jpg  

ZSC Lions [Internet]. Logo. [cited 2020, October 30]. Available from: 
https://www.zsclions.ch/fileadmin/user_upload/Newsbild_LogoZSCLions_Typos.j
pg 

Ambrì-Piotta [Internet]. Logo. [cited 2020, October 30]. Available from: 
https://www.hcap.ch/upload/multimedia/2018.09.19.09.11.466497.jpg 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

38



Original Research

EpidemiologyofTraumaticandOveruse Injuries
in Swiss Professional Male Ice Hockey Players

Romana Brunner,*† MSc, PT, Mario Bizzini,† PhD, PT, Karin Niedermann,‡ PhD, PT,
and Nicola A. Maffiuletti,† PhD

Investigation performed at the Human Performance Lab, Schulthess Clinic, Zurich, Switzerland

Background: Ice hockey injury patterns in Europe were last evaluated in the 1990s.

Purpose: The aim of this study was to assess the frequency, type, location, and incidence of traumatic injuries, as well as the
prevalence and relative effect of overuse injuries in professional male ice hockey players.

Study Design: Descriptive epidemiology study.

Methods: Traumatic injuries were assessed using a standardized injury report form over a 1-year period (including the preparatory
phase and season). The Oslo Sports Trauma Research Centre Overuse Injury Questionnaire was used to determine overall and
substantial overuse injuries and their relative effect on ice hockey players.

Results: Five Swiss National League teams participated in the study. From a total of 321 recorded injuries, 179 led to time loss from
sport. The game-related time-loss injury incidence during the season was 88.6/1000 player-game hours.Time-loss injuries affected
mainly the hip/groin/thigh region (23%), followed by the head (17%). Most time-loss injuries were classified as muscle strains (24%),
followed by concussions (18%). The most common injury mechanism involved collision with an opponent’s body (31%), and right
forward players (23%) were most likely to report a game-related injury. Most injuries (27%) occurred within the defending zone along
the boards. The average prevalence rates of all overuse and substantial overuse injuries were 49% and 13%, respectively. The hip/
groin displayed the highest average prevalence for all overuse problems (16%), translating to the highest relative effect.

Conclusion: Muscle strains and concussions were the most frequent time-loss injuries in Swiss professional ice hockey players.
The hip/groin was the most affected region for both traumatic and overuse injuries.

Keywords: traumatic injuries; overuse injuries; epidemiology; ice hockey

Ice hockey is a popular high-impact sport, especially in
North America and northern Europe. A number of injury
risk factors, including high velocity on the ice, unintended
collisions, rapid changes in direction, and injuries from the
board, puck, and sticks, lead to a high risk of a wide variety

of player injuries.24,27 Injuries can be categorized as a
result of either a traumatic event (ie, a condition caused
by an identifiable single external transfer of energy, such
as a collision leading to bone fractures) or overuse (ie, there
is no identifiable single external transfer of energy, but the
condition is caused by multiple accumulative bouts of
energy transfer, such as multiple microtraumas leading
to, for example, tendon tears).26 Depending on the surveil-
lance methods used, the overall injury incidence in colle-
giate and professional men’s ice hockey currently ranges
from 4.9 to 15.6 per 1000 athlete-exposures, with approxi-
mately 50 injuries per 1000 player-game hours.11,20,27

Ice hockey injury patterns in Europe were last evaluated
in the 1990s19,21-23; however, they may have changed over
the past 2 decades as a result of increased player speed and
aggressiveness.3,11 Most traumatic injuries in previous
investigations occurred at the head and face, followed by
the thigh and knee region.20,27 On the other hand, the most
common types of overuse injuries mainly affected the groin,
followed by the shoulder, elbow, and wrist region.23

Applying different surveillance methods and injury defi-
nitions has often led to reporting discrepancies in the fre-
quency and type of both traumatic and overuse injuries.20
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Previous surveillance systems mainly focused on traumatic
injuries only and might not have captured the real number
of overuse injuries because of the lack of surveillance meth-
ods.11 In fact, the evaluation of overuse injuries in ice
hockey is scarce, although proportions of 8% to 15% of all
injuries have been reported.11,23 A new method for the reg-
istration of overuse sport injuries has recently been devel-
oped,6 although it has not yet been applied in ice hockey.
The validated self-reported questionnaire contains 4
multiple-choice questions to document overuse problems
of different anatomic regions, which are often underre-
ported because most of these problems might not lead to
time loss.6 For ice hockey, there is still a lack of injury
prevention research, as only 1 study has shown the effec-
tiveness of a preseason exercise program to prevent adduc-
tor muscle strains in professional ice hockey players.28

The aim of this study was to assess the frequency, type,
location, and incidence of traumatic injuries using a stan-
dardized report form,11 as well as the prevalence and the
relative effect of overuse injuries in professional male ice
hockey players using the Oslo Sports Trauma Research
Centre (OSTRC) Overuse Injury Questionnaire,6 over a
1-year period (including the preparatory phase and game
season).

METHODS

Participants

Approval for this study was granted by the local ethics com-
mittee. Study inclusion criteria were the ability to under-
stand written/oral German or English and provide informed
consent to use the collected survey data for research pur-
poses. After the initial invitation was sent to 9 Swiss
National League teams, including their medical staff (ie,
physicians, sports physical therapists, massage therapists,
and athletic trainers), 6 teams decided to participate in the
study; the remaining 3 teams declined their participation
because of either a language barrier (ie, Italian- or French-
speaking medical staff) or an excessive amount of additional
workload. Another team left the study during the prepara-
tory phase after experiencing the workload associated with
the study. Overall, 5 teams comprising 122 ice hockey
players successfully completed the study.

Data Collection

Data were collected for approximately 1 year, which
included a preparatory phase during summer 2017 (from
week 0 to week 19) and the 2017-2018 season (ie, regular
season and playoffs/playouts fromweek 20 to week 50). One
person from each team’s medical staff was responsible for
active data collection. Two were sports physical therapists,
and 3 were massage therapists. All persons responsible for
data collection were in charge of the initial care after an
injury. They were present at all games and trainings. They
were asked to complete a standardized report form for each
traumatic injury occurring during dryland, weight lifting,
or on-ice training sessions or games. Each person

responsible for data collection was trained by the primary
investigator (R.B.) on how to complete the injury report
form correctly before study initiation because injuries in
Swiss ice hockey are not documented on a regular basis.
The final diagnosis of each reported traumatic injury was
made by the team physician. The person responsible for
data collection was also asked to gather information on the
number of dryland and on-ice training sessions per week.
To ensure compliance, this person was asked to send the
data collected to the corresponding author (R.B.) on a
weekly basis. In the case of incorrect completion of the
injury report form or missing data, this person was imme-
diately contacted by the primary investigator for
clarification.

For each player, we extracted the total time on ice during
the season from the individual statistics page of the Swiss
Ice Hockey Federation website (www.sihf.ch/de/game-
center/national-league/#/mashup/players/playerTimeOn
Ice/timeOnIce/desc/page/0/2017/2158). All players were
asked to complete the OSTRC Overuse Injury Question-
naire biweekly (every second week) during the 1-year study
period to collect information regarding overuse injuries.

Assessment of Traumatic Injuries

We used a standardized ice hockey injury data capture
form, which was previously developed and evaluated by
Flik et al,11 to assess traumatic injuries. As noted, the form
was completed by the person responsible for data collection
for each team. The form comprised 32 questions, the major-
ity of which were multiple choice and focused on determin-
ing the following information: individual player’s
characteristics at the time of injury; whether the injury
occurred during a game (home vs away) or a training ses-
sion and, if so, during on-ice, dryland, or weight lifting ses-
sions; the game period and exact time when the injury
occurred; and the player position and playing zone where
the injury occurred. The cause of injury was documented,
and it was also ascertained if the player was able to con-
tinue playing or had to stop. Last, if applicable, the injury
was classified according to its grade, the diagnostic proce-
dures, and the treatment(s) undertaken. A time-loss defi-
nition of injury, which implied that the player missed 1 or
more training sessions or game events because of the
injury, was used.26

Assessment of Overuse Injuries

The validated, self-reported OSTRC Overuse Injury Ques-
tionnaire was used to assess overuse injuries of different
body parts.6 The questionnaire was handed out to all ice
hockey players before and after the first training session
of every second week and thereafter collected by the person
responsible for data collection for each team. For the non–
German speaking players (n ¼ 27), the English version of
the questionnaire was used. For the German-speaking
players (n ¼ 95), we translated the questionnaire according
to the guidelines for cross-cultural adaption of self-reported
measures1 because only a version of the OSTRC Question-
naire to capture general health problems and illnesses—

2 Brunner et al The Orthopaedic Journal of Sports Medicine
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not targeting specific body parts—has been validated in
German.13 The OSTRC Overuse Injury Questionnaire used
in the present study contains 4 multiple-choice questions
targeting shoulder, low back, hip/groin, and knee injuries,
with questions about (1) the difficulties participating in
normal training and competition during the past 2 weeks,
(2) the amount of training volume reduction, (3) the extent
of performance impairment, and (4) the degree of pain
related to ice hockey. The responses to each of the 4 ques-
tions were allocated a numerical value between 0 (no pro-
blems/limitations) and 25 (maximum problems/limitations)
and were subsequently summed to calculate a severity
score between 0 and 100 for each body part.6,18

Data Analysis

Descriptive statistics are presented as frequencies and pro-
portions of any recorded traumatic injury. The overall inci-
dence of traumatic injuries was calculated as the number of
injuries per 1000 game or training hours during the season.

The prevalence of overuse injuries was calculated as the
number of players who reported any overuse problem, iden-
tified by a score >0 on any of the 4 questions or substantial
overuse problems, divided by the total number of respon-
dents.6 Substantial overuse problems included only those
leading tomoderate or severe reductions in training volume
or performance or an inability to participate in normal
training/competition.18 The prevalence of overuse injuries
was calculated biweekly and for each body part; that is,
shoulder, low back, hip/groin, and knee. The cumulative
severity score was then calculated for each body part as the
sum of the severity scores of the respective body part for all

players over the study period divided by the number of
respondents on that 2-week interval.6 The cumulative
severity score was the basis for comparison of the relative
effect of overuse problems in each body part.5,18 For 6 of the
26 biweekly periods (ie, weeks 0, 2, 4, 12, 48, and 50), we
received questionnaire data from �3 teams because of hol-
idays or different start periods of the preparatory phase,
and therefore the data sets for these time points were not
included in the analyses.

RESULTS

Participants

The 122 players who participated in this study were from
10 different nations and had a mean age of 26 years.
Seventy-seven players had >3 years of experience in the
National League.

Traumatic Time-Loss Injuries

The incidence of time-loss injuries per 1000 player-game
hours during the season was 88.6, and it was 0.4 per 1000
player-training hours (Figure 1). Team injury incidence
ranged between 80 and 96 per 1000 player-game hours and
between 0.2 and 0.5 per 1000 player-training hours.

Overall, 23% of injuries were localized to the hip/groin/
thigh region; 17%, to the head; and 15%, to the lower leg/
foot (Figure 2). Twenty-four percent of injuries were diag-
nosed as muscle strains; 18%, as concussions; and 17%, as
contusions (Figure 3).

Non–time loss 
injuries during 

preparatory phase
and season

n = 142

Time-loss injuries 
during 

preparatory 
phase

n = 42

Time-loss injury 
incidence per 1000 
player-game hours

n = 88.6

Time-loss injury 
incidence per 1000 

player-training hours

n = 0.4

Time-loss 
injuries during 

season

n = 137

Total number of 
traumatic injuries 

during preparatory 
phase and season

n = 321

Figure 1. Overview of the number of traumatic ice hockey injuries.
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Frequency, Type, and Location of Traumatic
Time-Loss and Non–Time-Loss Injuries

Seventy-five percent of all injuries occurred during games.
Of the remaining 25% of training-related injuries, 63%
occurred on-ice, 30% occurred during dryland, and 7%
occurred during weight lifting sessions. On average, a
player missed 32 training sessions and 7 games after an
injury. Eighteen percent of all injuries were localized to the
hip/groin/thigh region; 13%, to the face; and 11%, to the
head. Twenty-eight percent of all injuries (ie, time-loss and
non–time loss) were diagnosed as contusions, and 21%were
diagnosed as muscle strains. The 3 main causes of all trau-
matic injuries were collisions with the opponent’s body
(31%), hits by a puck (16%), and collisions with the board
(13%). A game-related injury was reported in 23% of the
right forwards, 21% of the right defenders, and 20% of the
left forwards, followed by 17% of the center players, 15% of
the left defenders, and 4% of the goalkeepers. Twenty-seven
percent of injuries occurred in the defending zone along the
boards, followed by the attacking zone along the boards
(20%) and the neutral zone (16%) (Figure 4). Forty-four
percent of all injuries were reported during the central part

(minutes 7-13) of the second game period compared with
26% in the first period and 30% in the third period.

Prevalence of Overuse Injuries

The average response rate of the OSTRC Questionnaire
was 83%. The average number of players per team who
completed the questionnaire was 21. The yearly prevalence
rates of all overuse and substantial overuse injuries were
49% and 13%, respectively. The average prevalence rate for
all overuse hip/groin injuries was 16% (Figure 5D). The
shoulder, hip/groin, and knee regions alike accounted, on
average, for 4% of substantial overuse injuries (Figure 5, B,
D, and E). The average prevalence rates of all overuse and
substantial overuse injuries during the preparatory phase
were 58% and 15% and during the season were 43% and
14%, respectively (Figure 5A).

Hip/groin injuries and shoulder injuries showed the
highest and lowest cumulative severity scores, respectively
(Figure 6).

DISCUSSION

We investigated the frequency, type, location, and inci-
dence of traumatic injuries as well as the prevalence and
relative effect of overuse injuries affecting different body
regions in professional male ice hockey players from Swit-
zerland over a competitive season.

Traumatic Time-Loss Ice Hockey Injury Incidence

The incidence of traumatic time-loss injuries per 1000
player hours during the season was >1.5 times higher in
our study compared with National Hockey League (NHL)
statistics,20 even though the European style of play was
considered to be less aggressive and physical compared
with the American style.11 Because we collected data over
only 1 season, our results cannot be easily compared with
those of the prospective study of McKay et al,20 which

Figure 2. Time-loss injuries per body region (n ¼ 179).
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Figure 3. Time-loss injury classifications (n ¼ 179).
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spanned over 6 NHL seasons; they reported a range of trau-
matic injuries per 1000 player-games of 39 to 67 versus the
80 to 96 in our current study. On the other hand, the inci-
dence of 66 to 83 injuries per 1000 player-game hours
reported by a number of earlier studies focused on Euro-
pean ice hockey leagues19,21-23 was more in line with our
range. However, injury definitions vary across the studies,
which makes a comparison difficult.

Frequency, Type, and Location of Traumatic
Time-Loss and Non–Time Loss Injuries

In agreement with other studies,11,20,27 the incidence of all
traumatic injuries of our cohort was higher during games
than during training sessions, and the most common injury
mechanism was body checking. Most injuries occurred
along the boards even though body checking was the more
common injury mechanism compared with collision with
the boards. This may be explained by the fact that the
“event” of players getting checked by an opponent, followed
by collision with the board, was not specifically captured by
the injury report form. Thus, it was considered as a limita-
tion of the injury report form. We found that injuries were
more frequent in the second period, which corresponds to
previous observations from 7 World Championship tourna-
ments,27 followed by the third period. This might be attrib-
uted to the fact that the level of fatigue may progressively
increase during a game, thus leading to more injuries.
Interestingly, a greater number of injuries occurred in the
first period of NHL games20; McKay and collaborators20

speculated that, because players were not fatigued, they

had the capacity for greater physical play, which could lead
to a higher risk of injuries. Our results also showed that the
goalkeepers were at a lower risk of sustaining injuries than
were the field players, whereas the risk was highest for the
forwards, closely followed by defenders.19,21,27 There is a
notable difference in the physical style of play associated
with each of these positions, which can explain the different
risk of injuries among goalkeepers, defenders, and
forwards.20

Hip/Groin and Head Injuries as Major Problems
in Ice Hockey

Similarly to the NHL study of McKay et al,20 we found that
the most commonly injured lower and upper body regions
were the hip/groin/thigh and the head, respectively. Ice
hockey players are particularly susceptible to adductor
muscle strains,29 and this was confirmed by our data, as
muscle strains in the hip/groin/thigh region were the most
common traumatic time-loss injuries. Besides muscle
strains, the most common injuries leading to time loss were
concussions.9,17 Ice hockey is a high-impact stop-and-go
sport, where body checking is permitted and players are
exposed to environmental risk factors such as, ice, boards,
sticks, and pucks, thus leading to a high risk of injuries,
especially to the head.17 In 1997, the NHL and NHL
Players Association (NHLPA) launched the NHL-NHLPA
Concussion Program in order to improve the scientific
knowledge about concussion in professional ice hockey
players.2 Hutchison et al15,16 reported how a systematic
video analysis of NHL concussions contributed to

Figure 4. Number of time-loss and non–time loss injuries per playing zone (n ¼ 256). *Twenty-seven percent of injuries occurred in
the defending zone along the boards on the right or left side. **Twenty percent of injuries occurred in the attacking zone along the
boards on the right or left side.
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identifying the injury mechanisms and various factors
associated with concussions, therefore helping the develop-
ment of education, evaluation, management, and preven-
tion strategies. Muscle strains and concussions might be
reduced via specific preventive strategies such as, injury
prevention training programs, modifications of game rules,
and/or implementation of arenas with flexible boards and
glass,27,29 which should definitely require more attention in
ice hockey.

Overuse Injuries in Ice Hockey

Ice hockey seems to be associated with a high risk of over-
use injuries (49%) compared with those in other sports,
such as football (13%) and cross-country skiing, floorball,
handball, road cycling, and volleyball (39%).5,18 To our
knowledge, this is the first epidemiological study investi-
gating overuse injuries in professional ice hockey players.
Based on our results, the hip/groin region, which was
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previously reported as the most problematic region for ice
hockey players,4,10,25,29,31 showed the highest relative effect
of overuse injuries. Clinical entities, such as adductor-
related pain,14 hip-related groin pain,30 and femoroacetab-
ular impingement syndrome (FAIS),12 are often used to
classify hip/groin pain in ice hockey players. Ice hockey
skating patterns (ie, external rotation in hip abduction dur-
ing the push-off phase and internal rotation in hip flexion
during the recovery phase) were previously described to be
at-risk positions for FAIS in Peewee ice hockey players and
should be taken into consideration in the prevention of
overuse injuries of the hip.25 Furthermore, the imbalance
between hip and abdominal muscle strength (ie, strong
adductor muscles versus weak lower abdominal muscles)
might be an underlying cause of athletic pubalgia.8 How-
ever, a classification, such as a specific diagnosis of hip/
groin overuse injuries, using the OSTRC Overuse Injury
Questionnaire is not possible because it only captures
self-reported overuse problems of different anatomical
regions. A recent investigation31 showed a high prevalence
of hip/groin problems in ice hockey players regardless of the
playing position, thus indicating that all players might
potentially benefit from prevention strategies for overuse
injuries.

The highest prevalence of all overuse (85%) and substan-
tial overuse (25%) injuries during the preparatory phase—
at the beginning of this study—might be attributed to the
fact that players were just starting out the summer train-
ing and were not in as good condition as they were later in
the season and thus were more prone to injuries. Another
reason might be the high training load during the summer
months (on average, there were 14 h/wk of dryland training
during the preparatory phase vs 3 h/wk during the season)
leading to overuse injuries. After the preparatory phase
load, there is also the season match load, with often a con-
gested calendar (2-3 games per week), including short
recovery times; this, in turn, can lead to a generally high
injury rate, as previously seen in professional soccer
players.7

Limitations

One of the limitations of this study is the sampling of
approximately 50% of invited teams, which might have led

to a potential detection and sampling bias. This limitation
can only be addressed by increasing the total number of
teams; however, this was not possible because our current
study was restricted to ice hockey teams with the ability to
understand German or English. One of the major limita-
tions involves the reporting bias of traumatic injuries by
the person who was responsible for data collection for each
team. However, this was anticipated by the primary inves-
tigator training each person using the injury report form
before data collection. A comparison among the teams high-
lighted that some medical staff members were more likely
to report minor non–time loss injuries, such as contusions
by pucks. For example, in some teams, contusions were
consistently treated using an ice pack by the person respon-
sible for data collection, whereas other teams did not treat
them and therefore did not report them. The number and
type of time-loss injuries among teams were, however, com-
parable. Another limitation is associated with the OSTRC
Overuse Injury Questionnaire, which only focuses on pre-
defined injury regions and does not allow other overuse
injuries (eg, FAIS) to be classified. Ideally, each problem
reported by an athlete is quickly followed up with a confir-
matory medical examination; however, this obviously may
increase the logistical difficulty and cost of conducting a
study.6

Perspectives

The high prevalence and relative effect of overuse injuries,
with hip/groin problems at the top, highlight a significant
medical concern in ice hockey athletes that should be
addressed in the future. Future research should focus on
the development of injury prevention programs, especially
for the hip/groin area and head, to decrease the prevalence
of injuries. It is of high importance to further develop imple-
mentation strategies in order to address injury prevention
program adherence in different ice hockey teams.

CONCLUSION

Muscle strains and concussions were the most frequent
time-loss injuries in Swiss professional ice hockey players.
The high prevalence and relative effect of overuse injuries,
particularly affecting the hip/groin, highlight a significant
medical concern in ice hockey athletes that should be care-
fully addressed in the future.

ACKNOWLEDGMENT

The authors thank all the teams and team physicians who
participated in the study. Special thanks go to Tommaso
Franceschini, Thomas Ritter, Luca Grotto, Andreas
Badertscher, Mattia Stendahl, Gerrit Beekmann, Mathias
Wanner, Niklaus Hess, and Roger Geering for their great
efforts in data collection. The authors also thank Jean-
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Perceived Barriers to and Facilitators of an Injury Prevention
Program Among Professional Male Ice Hockey

Players and Staff Members
Romana Brunner, Mario Bizzini, Nicola A. Maffiuletti, and Karin Niedermann

Context: Injury prevention programs for the lower extremities are effective in team-sport athletes.Objective: To identify barriers
and facilitators among professional ice hockey players and staff members for adhering to an injury prevention program. Design:
Cross-sectional survey. Setting and Participants: A questionnaire about barriers and facilitators related to knowledge/
perceptions, beliefs, adoption, and habits about injury prevention was filled out by Swiss professional male ice hockey players
and staff members.Main OutcomeMeasures: Frequencies of ratings were calculated and binary logistic regression analysis was
applied to predict a relationship between a high/low perceived benefit of an injury prevention program and player characteristics.
Results: Knowledge, perceived benefit, and relevance of injury prevention as well as awareness of high risk of injuries in ice
hockey were identified as important facilitators. Players’ habit of exercise performance was identified as a barrier. Program
understanding of staff members was identified as a facilitator and barrier. No significant relationships were observed between a
high/low perceived benefit of an injury prevention program and age (P = .85), nationality (P = .53), level of education (P = .63),
National League experience (P = .50), or occurrence of lower-extremity injuries in the previous season (P = .10). Conclusions:
Players and staff members clearly rated perceived benefits of an injury prevention program, which can be considered an important
facilitator of the uptake and adoption of such a program in ice hockey teams. Players should be educated about well-performed
injury prevention exercises. Staff members should be educated about the aim of a regular injury prevention program. An injury
prevention program might be implemented in players of all ages, levels of education, and experience in the National League,
irrespective of previous injuries. Identified barriers and facilitators should be addressed when implementing an injury prevention
program in a setting of professional ice hockey teams in the future.

Keywords: athletes, implementation, injury prevention exercises, perspective, preventative training programs

Ice hockey is a popular high-impact sport with a high risk of
head and lower extremity (LE) injuries, mainly affecting the hip/
groin/thigh and knee region.1–5 Injuries can result in decreased
sporting function, loss of playing time, high financial burden for
the athlete’s employer as well as the health care system, and an
increased risk of reinjury and chronicity.5,6 Recent studies on
musculoskeletal injuries showed that the majority of problems
in ice hockey were of overuse origin, not leading to time loss but
related to reduced self-reported function.4,5,7 Common extrinsic
intervention strategies for players comprise tougher rules and
regulations, rink adaptations, and equipment,2,8 yet intrinsic inter-
vention strategies such as training—for example, muscular
strength and endurance, range of motion, reaction time, and
proprioception—are only rarely described for ice hockey.9,10

Only one study showed the effectiveness of a preseason exercise
program to prevent adductor muscle strains in professional ice
hockey players. Nevertheless there is still a lack of injury preven-
tion research in ice hockey.9

To successfully implement injury prevention programs it is
important to define an implementation strategy. For that to occur,
the setting in which a program will be implemented needs to be
explored. According to the social marketing theory,11 uptake and

long-term adherence to an innovation, such as an injury prevention
program, should not start with a final product, such as specific
exercises for an injury prevention program. Instead, the current
practice needs to be explored beforehand including analysis of
(1) the current dryland training sessions, (2) target group(s) and
their perceived barriers to and facilitators of the innovation, and
(3) the context in which the innovation will be implemented.12 This
important step provides the basis to develop the implementation
strategy for the innovation, which is based on different implemen-
tation activities.12 The application of implementation science
illustrates how sports injury prevention should incorporate these
important concepts.13,14 Previous investigations examining the
barriers and facilitators to implementing injury prevention pro-
grams in athletes have typically focused on athletes and/or coaches
separately.15–17 Adoption is defined as the initiation of a program in
a team setting, whereas adherence relates to the long-term extent to
which a team implements a particular intervention as prescribed.18

Even though athletes are the end users and beneficiaries of pre-
vention programs, the attitudes, knowledge, and beliefs of all staff
members have greater influence than players’ attitudes alone.15

One of the characteristics of professional ice hockey teams is that
the head coach is merely in charge of the technical and tactical
aspects, whereas other staff members (athletic trainers, sports
physical therapists, and massage therapists) are dedicated to the
fitness training and rehabilitation of the players. Thus it is important
to assess barriers and facilitators for the uptake and adoption of a
program among players as well as the staff members—not only
coaches, but also athletic trainers and physical therapists.19
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This study aimed to identify barriers and facilitators among
professional ice hockey players and staff members for adhering to
an injury prevention program for the LE. It was hypothesized that
players’ characteristics were associated with a high or low per-
ceived benefit of an injury prevention program and that time would
be a major barrier for program adoption.

Methods

Questionnaire Design

The development of this questionnaire was based on a previous
survey related to the implementation of an injury prevention
program in Australian football players.17 Some of the questions
were added based on social marketing strategies to explore the
needs and culture of the target group.11 All questions were adapted
to ice hockey as well as formulated specifically for players and staff
members. However, the questionnaire did not propose specific
exercises because prior to the development of an injury prevention
program it is important to obtain information about factors that may
have an impact on the uptake and adoption of the program.11,17 The
questionnaire comprised a total of 25 items about injury prevention
for the LE2,3 over 4 categories: (1) knowledge/perceptions (defini-
tion and perceived benefits of injury prevention; 3 questions),
(2) beliefs (about injury prevention; 13 questions), (3) adoption
(initiation of a regular injury prevention program; 3 questions), and
(4) habits (preferences of ice hockey players; 6 questions). The
answer options to the questions were either multiple selection or
single choice with answers ranging from “strongly disagree” to
“strongly agree” on a 5-point Likert scale or open-ended questions.
The preliminary version of the questionnaire was content- and face-
validated by peer ice hockey players who were not involved in the
study.20

Participants

In total, 8 professional male ice hockey teams of the National
League (NL) of the German-speaking part of Switzerland and their
staff members, that is, athletic trainers, sports physical therapists,
massage therapists, and assistant coaches, were invited to partici-
pate in the study and complete the questionnaire during the
preseason period (August 2017). Inclusion criteria were the ability
to understand German or English and a signed informed consent.
According to the screening question during consent, none of the
invited teams engaged in nor had a history in engaging in an injury
prevention program use. The study was approved by the local
ethics committee of the Canton of Zürich (ID number 2017-00085).

Data Collection

The questionnaire was completed by players and staff members of
each participating ice hockey team during a summer dryland
training session to reach the highest possible response rate. The
questionnaire was administered to all players and athletic trainers,
massage therapists, sports physical therapists, or coaches who were
present on the specific test day. Information on player character-
istics, that is, age, nationality, level of education, total NL experi-
ence, and LE injuries sustained in the previous season, was
collected with additional questions. Study participants needed
approximately 5 to 10 minutes to complete the questionnaire.

Data Analysis

Data were collected, stored, and managed in Microsoft Excel
(Redmond, WA). Player and staff member characteristics are
presented as frequencies (in percentages) or means with SD where
appropriate. The frequency of ratings related to knowledge/percep-
tions, beliefs, adoption, and habits is reported as absolute numbers
and percentages. Due to the relatively small sample size, all 5-point
Likert scale variables were reduced to 3 levels (strongly/rather
disagree, undecided, and rather/strongly agree). Two authors (R.B.
and K.N.) independently allocated the most-rated items of the
different categories with multiple selection options and Likert scale
questions as facilitators of and/or barriers to adoption of an injury
prevention program based on the description in a recent study21:
(1) no evidence for influence on program implementation; (2) evi-
dence of positive influence on program implementation, that is, a
facilitator; (3) evidence of negative influence on program imple-
mentation, that is, a barrier; and (4) evidence of a mixed influence
on program implementation, that is, a facilitator of and a barrier to
program implementation. If the identification was unclear, consen-
sus was either reached by discussion or with the help of a third
reviewer (N.A.M.). To verify the hypothesis, that is, that player
characteristics were associated with a high or low perceived benefit
of an injury prevention program, the question “How much would
you rate the benefit of an injury prevention program?” and the
answers on a 5-point Likert scale were categorized into the vari-
ables “high” or “low” for further analysis. It was accounted for a
potential clustering effect by teams. Binary logistic regression
analysis was applied using PASW Statistics (version 18.0; SPSS
Inc, Chicago, IL) with the level of significance set at P < .05 to
predict a relationship between the perceived benefit (high vs low)
of an injury prevention program and the following player char-
acteristics as independent variables: age, <25 years versus
>25 years; nationality, European versus North American; level
of education, high (university degree) versus low (up to high school
certificate); total experience in NL, <3 years (novice players) versus
>3 years (experienced players); time-loss LE injuries versus no
injuries in the previous season (self-reported by players). The
outcome of the binary logistic regression analysis was identified
as either a facilitator of and/or barrier to adoption of an injury
prevention program.

Results

Participants

Out of the 8 professional ice hockey teams invited, 6 participated in
the study (75%). The remaining 2 teams were unavailable due to
their busy schedule or lack of interest. A total of 148 ice hockey
players (98% response rate) and 11 staff members (92% response
rate)—that is, 3 sports physical therapists, 3 massage therapists, 4
athletic trainers, and one assistant coach—completed the question-
naire. The characteristics of the participating players and staff
members are presented in Table 1.

Player and Staff Members’ Knowledge and
Perceptions About Injury Prevention

Table 2 shows the ratings of the multiple selection questions of
players and staff members in the category of knowledge/percep-
tions. The most-rated items to the question of injury prevention
definition were: “prevention of injuries with specific training” rated
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by 95% of the players and 91% of staff members; “prevention of
injuries as the most perceived benefit of an injury prevention
program performed on a regular basis” rated by 81% of players
and 82% of staff members; and “injury prevention as a preparation
of the body for training” rated by 82% of staff members and 64% of
players.

Overall, 78% of the players and 91% of the staff members
agreed upon a moderate to high perceived benefit of an injury
prevention program (Table 2).

Player and Staff Members’ Beliefs, Adoption, and
Habits With Regard to Injury Prevention

Table 3 shows the ratings of the items on the Likert scale of players
and staff members in the category beliefs, adoption, and habits.

The items in the beliefs category with rather strong or strong
agreement were: “prevention of injuries by following a specific
exercise program” rated by 91% of both players and staff members;
“the importance of injury prevention for playing at the NL level”
rated by 86% of players and 91% of staff members; and “ice hockey
has a high risk of injuries” rated by 82% of players and 100% of
staff members. The item “every player is exclusively responsible

for injury prevention”was rated by 78% of players and 91% of staff
members and “the trainers (off-ice/on-ice) are responsible for
injury prevention with their training sessions” were rated by
41% of the players and 82% of the staff members. The item “an
individual warm-up would be more useful than a standardized
warm-up program with the whole team” was rated by 77% of
players and 82% of staff members.

In the category adoption, 70% of players and 82% of staff
members rather strongly or strongly agreed to the item “a stan-
dardised prevention program in form of a warm-up of 15 minutes at
least 4 times per week is feasible” (Table 3). Thus, players and staff
members both agreed to the uptake and adoption of an injury
prevention program in their team.

The items getting rather strong or strong agreement by the
players in the category habits were: “the players warm up before
strength training” rated by 95%, followed by “it is important to the
player that he carries out the exercises during the off-ice training
correctly” and “the player assumes that his athletic trainer would
inform him in the case that he performs an exercise incorrectly,”
both rated by 94%. The items getting rather strong or strong
agreement by the staff members in the same category were: “it
is important to the player that he observes the correct posture in the

Table 1 Player and Staff Member Characteristics

Participants’ characteristics
Players
(n = 148)

Staff members
(n = 11)

Age, mean (SD), y 26.5 (4.7) 41.2 (9.2)

Nationality, n (%)

Swiss 111 (75) 6 (55)

Austrian 2 (1) —

German 1 (1) —

Dutch — 1 (9)

Latvian 2 (1) —

Swedish 7 (5) —

Finnish 5 (3) —

Czech 3 (2) —

Italian 1 (1) 2 (18)

French 1 (1) —

United States 3 (2) —

Canadian 7 (5) —

Others 5 (3) 2 (17)

Level of education, n (%)

Compulsory school education 32 (22) —

Completed professional apprenticeship 44 (30) 2 (18)

High school certificate/professional qualification 41 (28) 1 (9)

Higher education (eg, master craftsman examination) 5 (3) 1 (9)

University degree 23 (16) 6 (55)

Other 2 (1) 1 (9)

Level of experience in NL, n (%)

<3 y 54 (37) 2 (18)

≥3 y 93 (63) 9 (82)

LE injuries in previous season, n (%)

No injury 90 (61)

One or more injuries 57 (39)

Abbreviations: LE, lower-extremity; NL, National League.
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mirror during the training exercises” rated by all staff members,
followed by “it is important to the player that he maintains the
correct leg alignment during jump training” rated by 91%
(Table 3).

Relationship Between Players’ Perceived Benefit of
an Injury Prevention Program and Characteristics

There was no significant relationship between a high or low
perceived benefit of an injury prevention program and age
(P = .85), nationality (P = .53), level of education (P = .63), NL
experience (P = .50), or LE injuries in the previous season
(P = .10).

Synthesis of Barriers to and/or Facilitators of
Prevention

Table 4 provides a synthesis of items that have no evidence for
influence on program adoption or act as either facilitator and/or
barrier among players and staff members toward the adoption of an
injury prevention program for the LE.

Discussion

This study aimed to identify barriers and facilitators among
professional ice hockey players and medical staff members for
adhering to an injury prevention program in professional ice
hockey teams. The most prevalent facilitators for players and staff

members were the knowledge, perceived benefit, and relevance of
injury prevention as well as awareness of high risk of injuries in ice
hockey. Players and staff members clearly agreed with the benefit
of such a program, which can be considered as an important
facilitator of the uptake and adoption of an injury prevention
program in professional ice hockey teams.

Agreement and Disagreement of Players and Staff
Members Toward Injury Prevention

The players and staff members agreed or disagreed on several
topics relating to injury prevention; these were identified as facil-
itators and/or barriers.

The identified facilitators are similar to the outcome of a
survey with Premier Division Australian football players.17 These
authors suggested that efforts aimed at educating players about the
benefits of injury prevention programs were unnecessary17 because
the players already had the knowledge about injury prevention.
Moreover, knowledge does not automatically lead to a behavior
change although it is an important requirement to take action.11

The high importance of individualization of an injury preven-
tion program for players and staff members is an essential facilita-
tor for program maintenance. However, the individualization of an
injury prevention program tailored to the needs of each player was
reported to be rather unfeasible due to the lack of resources such as
time for screening.22 It might be an option to include a compilation
of different prevention exercises to allow individualization of the
program, in order to further increase the chance of long-term

Table 2 Player and Staff Members’ Knowledge and Perceptions of Injury Prevention

Knowledge/perceptions

Item rated as yes
by players
(n = 148)

Item rated as yes by
staff members

(n = 11)

Definition of injury prevention

Prevention of injuries with specific training 141 (95) 10 (91)

Prevention of injuries with flexible boards 81 (55) 8 (73)

Prevention of injury with equipment 44 (30) 5 (45)

Prevention of injuries by implementing tougher penalties 23 (16) 4 (36)

Other: showing respect toward other players, massages and recovery time, complete preseason/
season dryland training, prevention of muscle imbalances that can cause problems, player
education on regeneration and tissue repair, and individualization of the training program for
each player

2 (1) 4 (36)

Perceived benefits of a regular injury prevention program

Prevention of injuries 120 (81) 9 (82)

Preparation of the body for training 94 (64) 9 (82)

Improvement in flexibility 86 (58) 8 (73)

Improvement in strength 58 (39) 5 (45)

Better performance as a player 58 (39) 4 (36)

Improvement in balance 53 (36) 4 (36)

Safety, to avoid being injured 46 (31) 1 (9)

More interesting/good alternative to the normal warm-up procedure 21 (14) 1 (9)

Extent of perceived benefit of an injury prevention program

High 35 (24) 4 (36)

Moderate 81 (55) 6 (55)

Undecided 28 (19) —

Somewhat/very little 3 (2) 1 (9)

Note: Values are reported as numbers (%).
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Table 3 Player and Staff Members’ Beliefs, Adoption, and Habits With Regard to Injury Prevention

Items rated by players
(n = 148) in %

Items rated by staff members
(n = 11) in %

Beliefs/adoption/habits

Rather
agree/
strongly
agree Undecided

Rather
disagree/
strongly
disagree

Rather
agree/
strongly
agree Undecided

Rather
disagree/
strongly
disagree

Beliefs about injury prevention

Injuries can be prevented by following a specific
exercise program

91 7 2 91 9 —

Injury prevention plays a big role for the level of
play required in the NL

86 11 3 91 — 9

Ice hockey has a high risk of injuries 82 18 1 100 — —

Every player is exclusively responsible for
injury prevention

78 15 7 91 9 —

An individual warm-up is more useful than a
standardized warm-up program

77 20 3 82 18 —

The off-ice training prevents injuries 74 19 7 82 18 —

The on-ice hockey training is beneficial for the
prevention of injuries

49 33 18 58 18 18

The trainers (off-ice/on-ice) are responsible for
injury prevention with their training sessions

41 44 15 82 18 —

An injured player does not have to be
completely rehabilitated to play ice hockey
again

39 26 35 27 18 55

A guided injury prevention program in form of a
warm-up with the whole team is useful

35 36 29 55 9 36

Training should additionally focus more on
injury prevention rather than on ice hockey
performance

13 43 44 9 36 55

Program adoption

A standardized prevention program in form of a
warm-up of 15 min at least 4 times per week is
feasible

70 21 9 82 — 18

Mean maximum acceptable time to perform an
injury prevention program in form of a warm-up
on a regular basis, min

19.2 18.8

Source of knowledge

The current trainers/physiotherapists have
passed on their knowledge to the players about
injury prevention

64 27 9 91 9 —

The fellow players have passed on their
knowledge to the players about injury
prevention

33 50 17 55 18 27

Habits about exercise performance

The players warm-up before strength training 95 5 1 55 27 18

It is important to the player that he carries out the
exercises during the off-ice training correctly

94 4 1 82 18 —

The player assumes that his athletic trainer
would inform him in the case that he performs
an exercise incorrectly

94 5 1 18 45 36

It is important to the player that he maintains the
correct leg alignment during jump training

85 11 2 91 9 —

It is important to the player that he observes the
correct posture in the mirror during the training
exercises

64 22 14 100 — —

The player ensures that his posture is checked by
fellow players during the training exercises

34 39 27 73 27 —

Abbreviation: NL, National League. Note: Values are reported as percentages unless otherwise indicated.
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program adherence. Specifically, it has been demonstrated that
strengthening and proximal control training including verbal feed-
back had a higher prophylactic effect on reducing anterior cruciate
ligament injury risk in athletes.23 Staff members should therefore
choose appropriate exercises within those broader categories and
tailor the exercises to individual needs.

Most of the staff members and some players believed that the
athletic trainers were responsible for injury prevention during the
training sessions. Thus, the athletic trainers facilitate program
uptake as they play a major role in an injury program’s initiation
and delivery.15 Furthermore, an athletic health care provider likely
has the most knowledge and experience to tailor and implement an
injury prevention program. On the other hand, not having any/
enough access to an athletic trainer could be a barrier for players.

The staff members and players agreed with the self-responsibility
of players for injury prevention. This item was also identified as a
facilitator for program uptake because awareness of responsibility
is a precondition necessary to change a behavior.11 However, this
item can also act as a barrier for staff members, as they may
consider themselves not responsible for injury prevention and
neglect it.

Players expect athletic trainers to inform them if an exercise is
not performed correctly. This can in turn act as a barrier for players
to carefully perform prevention exercises and rely on their athletic
trainers to perform the exercises correctly. Players’ habits must be
taken into account and can be improved by educating both program
deliverers and players on the importance of maintaining proper
technique and movement quality when performing injury preven-
tion exercises.24–26 Interestingly, most of the staff members saw a
benefit of a prevention program in preparing the body for training,
which can facilitate adoption of preventive exercises, for example
warming up before each training session. Performing prevention
exercises in the form of a warm-up before training sessions is also
based on current evidence.21,25 However, the program should not
solely be seen as a preparation of the body for the actual training
session, but rather acknowledged as injury prevention in general17

to increase awareness and appreciate its importance. This item was
therefore identified to act as a facilitator for program adoption and
as a barrier for program understanding. Staff members should be
properly educated about the primary goal of an injury prevention
program.

Players and staff members disagreed that training sessions
should focus more on injury prevention, which is an expected
finding in a performance-driven context like professional ice
hockey. Less than 40% of the players perceived the benefit “to
better perform as a player” when endorsing an injury prevention
program. Players and staff members might not believe that injury
prevention exercises enhance performance if there are no clear
performance outcomes.17 Therefore, an injury prevention program
should be quick and easy to perform before a regular training
session and should be acknowledged as such.25

Implications for the Implementation of an Injury
Prevention Program

Time was expected to be a major barrier to perform an injury
prevention program on a regular basis. However, based on our
results, a program of maximum 20 minutes seemed to be accepted,
which is in line with the recommendations by Padua et al.25 The
authors suggested a 15- to 20-minute time period to perform a
multicomponent injury prevention program.25 On the other hand,
an exercise volume greater than 20 minutes is associated with a
higher prophylactic effect.26,27 Thus, time was not considered a
barrier to program implementation. Players and staff members
rated a prevention program in the form of a warm-up of 15 minutes
at least 4 times per week as feasible, which was therefore identified
as a facilitator for program uptake and adoption. Nevertheless, the
major challenge is long-term program adherence as described
in previous investigations.28,29 The factors of age, nationality,
level of education, NL experience, or occurrence of LE injuries
in the previous season were not associated with a high or low
perceived benefit of an injury prevention program; hence, players

Table 4 List of Player and Staff Members’ Barriers to and/or Facilitators of an Injury Prevention Program

Barriers and/or
facilitators Most prevalent items Players

Staff
members

No evidence for
influence

• Time (ie, maximum acceptable time of 20 min to perform an injury prevention program) ✓ ✓

• Players characteristics (ie, age, nationality, level of education, NL experience, or occurrence of
lower-extremity injuries in the previous season)

Facilitators • Relevance of injury prevention ✓ ✓

• Awareness of high risk of injuries in ice hockey ✓ ✓

• Knowledge about injury prevention ✓ ✓

• Perceived benefit of injury prevention program adherence ✓ ✓

• Responsibility as a player/trainer for injury prevention ✓ ✓

• Individualization of exercises ✓ ✓

• Program adoption ✓ ✓

Barriers • Training sessions should not focus excessively on injury prevention ✓ ✓

• The athletic trainer is expected to provide feedback in case of incorrect exercise performance ✓

• Exclusive responsibility of players for injury prevention ✓

• Access to an athletic trainer for injury prevention ✓

Facilitator and
barrier

• Injury prevention program to prepare the body for training ✓

Abbreviation: NL, National League.
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characteristics were identified as having no evidence for influence
on program adoption. This is an important aspect for future
program implementation in Swiss NL teams and among players
with different characteristics.

Limitations

The self-reported questionnaire was only face and content vali-
dated. It was, however, not tested for reliability because the study
design is a cross-sectional survey and the questionnaire will not
be used again. Moreover, the questions were based on a previous
survey with the Health Believe Model30 and the Reach, Efficacy/
Effectiveness, Adoption, Implementation and Maintenance
framework as theoretical basis.31 Another limitation was the
low number of staff members and the fact that they included 4
different functions, that is, sports physical therapists, massage
therapists, athletic trainers, and assistant coaches, resulting in
limited generalizability of the findings. This limitation can only
be addressed by increasing the total number of teams; however,
this was not possible in the current study, which was limited to
teams in the German-speaking part of Switzerland. The authors
nevertheless think it is of great value to present staff members’
knowledge, attitudes, and beliefs about injury prevention. Even
though athletes are the end users and beneficiaries of prevention
programs, the attitudes, knowledge, and beliefs of all staff
members have greater influence than players’ attitudes alone.
Without that knowledge a program implementation in a team
might not be successful because different barriers to and facil-
itators of program adoption and adherence might not be properly
addressed.

Conclusions

This study has identified important perceptions of different team
members that may act as barriers and/or facilitators to be taken into
consideration when developing and implementing a LE injury
prevention program in professional male ice hockey teams. An
injury prevention program can potentially be applied with success
in players of different age, level of education, and experience as
well as in previously injured or noninjured players. Future studies
should focus on developing an injury prevention program for the
LE for ice hockey players and investigating the effectiveness of
such a program.
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ABSTRACT

Objective To define a plan for evaluating the feasibility of a hip/groin injury prevention 

program for ice hockey teams in preparation for a prospective cluster, randomized 

controlled trial.

Background Ice hockey players are at high risk of sustaining traumatic and overuse 

injuries, especially around the hip/groin region. Muscle weakness surrounding the hip joint 

has been identified as a risk factor for groin-related pain. However, injury prevention 

research in ice hockey is scarce. Only one previous investigation showed that an exercise 

prevention program significantly reduced the incidence of adductor muscle strains in 

professional ice hockey players. The feasibility of a hip/groin injury prevention program 

applied to one youth ice hockey team during a preparatory phase and consecutive season 

needs to be evaluated.

Design A cluster-randomized feasibility study protocol.

Methods Participants will be cluster randomized to either the intervention or control group. 

Feasibility will be based on the recruitment and dropout rates, use and adherence to the 

intervention, responsiveness and number of adverse events.

Intervention The hip/groin injury prevention program comprises the Copenhagen adduction 

exercise and ice hockey-specific functional strength and balance exercises. Each player 

will also perform individual strength exercises for each hip muscle group in the case of an 

identified hip muscle strength deficit.

Discussion High participation and low dropout rates, high program use and adherence as 

well as high responsiveness of players and staff members are expected to be achieved.

Biases, e.g. contamination, injury reporting, that may occur will be addressed to minimize 

their risk when evaluated on a larger scale. 
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INTRODUCTION

Ice hockey players are at high risk of sustaining traumatic and overuse injuries that mainly 

affect the head and the lower extremity, especially at the hip/groin region.1-7 The incidence 

of traumatic time-loss hip/groin/thigh injuries and the prevalence of overuse hip/groin 

problems in elite and professional ice hockey players have been reported to range between

10% and 23% and between 16% and 69%, respectively.2-4 6 7 Long-lasting hip/groin 

problems can result in physical impairment, reduced ice hockey performance, loss of 

playing time and chronicity.3 7-10 Furthermore, these outcomes may lead to a high financial 

burden for the athlete’s employer as well as the health care system.10 Ice hockey players 

might potentially benefit from injury prevention strategies focused on the hip/groin area,3

yet injury prevention research in ice hockey is scarce. Only one previous investigation 

showed that an exercise prevention program can significantly reduce the incidence of

adductor muscle strains in professional ice hockey players.11 Muscle weakness, i.e. a 

deficit in maximal voluntary muscle strength, surrounding the hip joint has been identified 

as a risk factor for groin-related pain.12 13 It is therefore important to develop an injury 

prevention program for ice hockey players that targets muscle strength in the hip/groin 

area, in order to reduce the incidence and prevalence of both traumatic and overuse 

injuries.3-5

According to implementation science, an injury prevention program should be performed by 

all ice hockey players, not just those identified through screening as “at risk” for a specific 

injury.14 15 In particular, athletes aged between 12-25 years who participate in high-risk 

sports such as ice hockey may benefit from injury prevention programs.14 Implementation 

of an injury prevention program early in their career might facilitate program adherence due 

to the implemented program routine. Multicomponent training programs for team sport 

athletes are most effective when implemented as a dynamic warm-up not only during the 

preparatory phase, but also throughout the season.14 16 All ice hockey players ought to 
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benefit from injury prevention exercises for the hip/groin regardless of playing position and 

player characteristics, i.e. age, nationality, previous injuries.3 17 It is important, however, to 

assess player and staff member facilitators and barriers that contribute towards adherence 

to an injury prevention program, so as to evaluate the program’s effectiveness and its 

future implementation in teams.17 A previous investigation showed that players and staff 

members reported a perceived benefit of such a program and that a program of 15 minutes 

3 times a week is feasible; both were considered as important facilitators towards the 

uptake and adherence of an injury prevention program in ice hockey teams.17 It is also 

important to evaluate program feasibility while incorporating all included stakeholders of an 

ice hockey team. The distinct stakeholders can be classified on three different levels: (1) 

the sports chief on the macro level who is part of the team management; (2) the head or 

assistant coach and medical staff, i.e. physicians, massage therapists, physiotherapists, 

athletic trainers, on the meso level who are responsible for program delivery; and (3) the 

players at the micro level who are the program end-users and beneficiaries. The feasibility 

of a program needs to be previously assessed on all three team levels as well as at the 

nationwide level involving, in this case, the Swiss Ice Hockey Federation (SIHF) to act on 

the highest level of the sports delivery hierarchy.18

Overall, the aim of this feasibility protocol is to propose and evaluate an evidence-based 

hip/groin injury prevention program for ice hockey players due to the high prevalence of

traumatic and overuse injuries affecting this body region. Design issues for conducting a

cluster, randomized controlled trial (RCT) in ice hockey teams in the near future will also be 

evaluated. This protocol is based on the CONSORT statement for feasibility studies.19
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METHODS

Study design

The hip/groin injury prevention program will be evaluated using a cluster RCT design,

where each team represents a cluster. Randomization of participants in the same team will 

not be practical in this study due to possible high contamination rates.20 Hence, a training 

program in a team setting is naturally applied at a cluster level, which has the advantage of 

ensuring external validity of the trial results.20 21

Objectives

The main objective of this protocol is to plan the evaluation of the feasibility of a hip/groin 

injury prevention program for ice hockey players in order to conduct a prospective study on 

a larger scale. Feasibility will be based on the recruitment and dropout rates, number of 

adverse events, responsiveness, i.e. satisfaction, appreciation and acceptability of the 

program, and use and adherence to the intervention.

Participants

Two teams of the highest ice hockey junior level in Switzerland will be recruited to

participate in the feasibility study. Inclusion criteria will be the ability to understand 

written/oral German or English and provide informed consent to use the collected data for 

research purposes. Exclusion criteria for players will be previous injuries to the hip/groin 

that prevent full participation during the preparatory phase. Parental consent will be 

required to participate in the study for all players younger than 18 years of age. Approval 

for this study will be obtained by the local ethics committee.
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Injury prevention exercise program development

The specific exercises of the program were selected after reviewing the available literature 

on hip/groin injury prevention while also considering the previously identified context-

specific barriers and facilitators for program adherence.17 22 23 The injury prevention 

program will be proposed to medical team members, i.e. athletic trainers, physiotherapists

and team captains of the National and Junior Leagues of the German speaking part of 

Switzerland, and discussed in form of a stakeholder dialogue approach24 within each team 

to achieve consensus on the program, e.g. appropriate exercise progression, hockey-

specific exercises.25 One of the key elements for ensuring future program implementation 

and adherence is to actively involve different stakeholders in the associated activities, 

which range from needs assessment through to planning for implementation and 

conducting evaluation.25-27 We will therefore involve medical staff members and team 

captains in the development process of the program in order to reach program agreement 

and to enhance program adherence for future implementation.22 25 28

Recruitment and randomization

Prior to recruiting players of the two ice hockey teams, informed consent will be obtained 

from the staff members of each team, i.e. sports chief, head coach, physiotherapist and

athletic trainer. The participating teams will be randomized either to the control or 

intervention group after obtaining player informed consent.

Procedure

The study period will last approximately one year, which includes a preparatory phase 

(June until August) and a consecutive season (September until April). Prior to the beginning 

of the preparatory phase, agreement on the program must be reached by the different 

medical team members. The hip/groin intervention will be applied during the preparatory 
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phase as well as during the ice hockey season to one of the participating teams.16 The 

program deliverer, i.e. athletic trainer, will supervise the exercise performance of the 

intervention team. At baseline, all participating ice hockey players will be screened for post-

season injuries, e.g. back or lower extremity injuries during the last 6 weeks, using a 

medical baseline questionnaire. All players of the intervention team will be screened by the

team physiotherapist for potential hip muscle strength deficits, i.e. muscle weakness.

During the study period, one person from each team’s medical staff, i.e. physiotherapist or 

massage therapist, will be responsible for the data collection of hip/groin overuse and

traumatic injuries sustained by all participating ice hockey players.

Intervention

The following intervention is described according to the Consensus on Exercise Reporting 

Template (CERT).29 The detailed description of the exercises and various intensity levels is 

shown in Table 1.

Execution: The hip/groin injury prevention program for ice hockey players will be

performed in the training room/hallway of the ice hockey arena as a part of the regular 

warm-up before a training session or game using the minimum and most basic equipment, 

i.e. different elastic bands.

Dosage: The program will be performed at least 3 times per week during the preparatory 

phase as well as during the consecutive season.16 In total, the warm-up will last 20-25

minutes, of which 10-15 minutes17 will be devoted to hip/groin exercises and 5-10 minutes

to endurance exercise, e.g. cycling. The prevention exercises contain three levels of 

intensity, of which the first level is for symptomatic players only. All players begin the 

program on the second level of intensity and progress to the third level. The program 

deliverer will adjust the exercise intensity as determined by the player’s ability to complete 

2-3 sets of 10-15 repetitions of an exercise with excellent movement quality and 
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technique.30 Progression will be achieved by changing from simple to more hockey-specific 

complex exercises. For symptomatic players, the level of intensity can be adapted based 

on the level of pain assessed on a 0-10 visual analog scale (VAS), where 0 indicates ‘no 

pain’ and 10 ‘pain as bad as it could be’. Pain up to 2 on the VAS will be considered ‘safe’,

i.e. green zone, allowing a progression to a higher level of intensity; pain up to 5 on the 

VAS will be considered ‘acceptable’, i.e. yellow zone, no progression of the level of 

intensity; and pain above 5 on the VAS will be considered ‘high risk’, i.e. red zone, first level 

of intensity with careful supervision of the physiotherapist.30

Assessments: Isometric maximal voluntary contraction (MVC) strength of specific hip 

muscles will be quantified at baseline and bimonthly in the case of one of the following 

deficits: (1) strength deficit greater than 10% compared to the contralateral side for any 

given measurement;31 or (2) strength deficit greater than 10% compared to normative data 

of hip muscle strength in ice hockey players;32 or (3) strength reduction of more than 15%

compared to the previous strength assessment33 as identified by the team physiotherapist

who will instruct the player to ensure high-quality exercise performance.

MVC strength will be quantified with a stabilized dynamometer using external belt-fixation 

(Nicholas Manual Muscle Tester, Lafayette Inc., Lafayette, IN, USA)34 in a randomized 

order for hip adductors, abductors, extensors, flexors, internal rotators and external rotators

as well as for knee flexors. Hip adductor and abductor muscle strength will be assessed in 

the side lying position, hip extensor and knee flexor strength will be assessed in the prone 

position, and hip flexor strength as well as internal and external rotation muscle strength 

will be assessed in the sitting position with the hip in 90 degrees of hip flexion as described 

by Thorborg et al.35 For all hip strength assessments, the participants will stabilize 

themselves by holding the sides of a treatment table with their hands.34 No accessory

movements of other body parts than the testing limb will be allowed.34 For each muscle 

group, two submaximal contractions will be performed for warm-up and familiarization 
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purposes. Players will then perform 3-4 MVCs during which they will be asked to perform 

maximal efforts for 3-4 seconds with a gradual build-up of force. Rest time between trials 

will be 30-60 seconds. Verbal encouragement will consistently be provided by the 

physiotherapist. Only the highest MVC will be considered for analysis. Muscle strength 

assessments will last approximately 45 minutes per player.

Intervention exercises: The first part of the program consists of seven standardized 

exercises: the Copenhagen adduction exercise36 as well as ice hockey-specific functional 

strength and balance exercises for the hip/groin. The isolated hip adductor exercise was 

included in the standardized part of the program because ice hockey players are 

particularly susceptible to adductor muscle strains.6 11 37 Lower extremity strength is 

important for skating strides, acceleration, turning and stopping, and assists dynamic 

balance and stability that essentially protects players from injuries.38 We therefore included 

functional hip strength exercises that are based on previously described strength and 

conditioning principles38 39 as well as on rehabilitation programs for ice hockey players after 

adductor muscle strains37 and femoroacetabular impingement (FAI) surgery.40 41 Balance is 

critical to all ice hockey activities, but is often overlooked and not a main focus in training

sessions.39 To achieve balance, training of the accessory muscles around the pelvis and 

lower extremities are important.39 We therefore included single-leg balance exercises with 

the focus on balancing while moving, which is vital in hockey.39 The greatest risk factor for 

traumatic injuries has been identified as collisions with the opponent’s body1 2 42-46 hence 

we included a balance exercise with external perturbation to enhance stability.

Individualization: The second part of the program includes selected strength exercises for 

each hip muscle group. These exercises are less hockey-specific because the aim is to 

address a specific hip muscle group deficit. In the case of an identified hip muscle strength 

deficit, the player will perform additional exercise(s) according to the above described 

progression until muscle strength is either equal to or less than 10% compared to 
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contralateral strength or normative data or equal to or less than 15% compared to the 

previous assessment.

Training of program deliverer/end-users: Movement quality or technique has been 

described as one of the most critical aspects influencing the success of an injury prevention 

program.16 Therefore, it is important to educate program deliverers and end-users to be 

confident in leading and performing injury prevention exercises and to provide proper 

feedback to end-users.22 We will educate the program deliverer, i.e. athletic trainer, and 

program end-users, i.e. players, within a workshop held for approximately 3 hours, which 

has previously been described as having a positive effect on the execution of the 

program.47 They will receive a detailed manual describing each of the standardized 

exercises and will be trained to perform the exercises correctly to enhance self-efficacy. 

Furthermore, it is important that the program deliverer is trained to provide motivation 

during exercise performance, which can influence the participants effort and force output.29

Training of person responsible for data collection and team physician: Each 

responsible person, i.e. physiotherapist or massage therapist, who will document traumatic 

hip/groin injury will be trained by the study coordinator (RB) to fill out the injury report form 

correctly before study initiation, since injuries in Swiss ice hockey teams are not 

documented on a regular basis. The final diagnosis of each reported traumatic injury will be

made by the team physician, who will be trained on which diagnosed injuries surrounding 

the hip joint should be reported, e.g. inclusion of hamstring injuries. The person responsible 

for data collection will also be asked to gather information on the number of dryland and on-

ice training sessions per week of each player.

Control group: The control group will perform a warm-up of 20-25 minutes, with 10-15 

minutes of conventional strength exercises and 5-10 minutes of endurance exercise, e.g. 

cycling.
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Table 1 Hip/groin injury prevention exercises program for ice hockey players

Level I
(for symptomatic players only)

Level II Level III

Part I: Standardized exercises

Specific hip muscle strength exercise Copenhagen adduction exercise36

(easy)
Copenhagen adduction exercise
(moderate)

Copenhagen adduction exercise 
(hard)

Functional hip muscle strength exercises Split squats Reverse lunges with elastic band Reverse lunges with harder elastic band +
increased speed

Single leg bridge Hip thrust Single leg hip thrust

Side steps Deep side steps with elastic band Deep side steps with harder elastic band +
increased speed

Balance exercises Static single leg deadlift Dynamic single leg deadlift Single leg deadlift + pelvic rotation

Dynamic single leg squats Deep clock excursion exercise Deep clock excursion exercise with elastic 
band

Single leg squat + gentle external 
perturbation by teammate

Single leg squat + external perturbation by 
teammate

Deep single leg squat + external 
perturbation by teammate

Part II: Individual hip muscle strength 
exercises

Hip flexors Standing hip flexion with elastic band Standing hip flexion with harder elastic band Plank + hip flexion to right/left hand with 
elastic band

Hip abductors Side bench position:
abduction of the upper leg

Side bench position:
abduction of the upper leg with elastic band

Side bench position:
abduction of the upper leg with harder 
elastic band

Hip rotators Side laying position:
internal/external hip rotation with elastic
band (clam shell)

Sitting position:
internal/external hip rotation with elastic band

Standing position:
internal/external hip rotation with elastic
band

Hip extensors Quadruped arm/lower extremity lift Quadruped arm/lower extremity lift with 
elastic band

Quadruped arm/lower extremity lift with 
harder elastic band

Hamstrings Nordic hamstring exercise48 (easy) Nordic hamstring exercise (moderate) Nordic hamstring exercise (hard)
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Primary study outcomes

Feasibility issues will be documented using a study diary filled out by the study 

coordinator (RB). Reasons for exclusion, dropouts, adverse events and costs of all 

aspects of the intervention, e.g. intervention material, time, will be recorded.

Responsiveness: One of the primary feasibility outcome measures of all included 

stakeholders indicates responsiveness, which is defined as the extent to which the 

stakeholders are engaged with the program, i.e. satisfaction, appreciation and 

acceptability of the program.49 Responsiveness will be assessed using a semi-structured 

interview50 51 conducted by the study coordinator (RB) with the corresponding person of 

the SIHF, the sports chief, team head or assistant coach, physiotherapists and the 

program deliverer. Open questions will be provided evaluating the provision of the 

program and intervention information; stakeholders’ beliefs, expectations, preferences 

and experiences of the intervention; and the biweekly Oslo Sports Trauma Research 

Centre (OSTRC) questionnaire use as well as any needs for program improvement. A

self-reported questionnaire will be used for the remainder of the staff members and all 

players of the intervention team. Responsiveness will be assessed after the preparatory 

phase. In the case of contrasting attitudes, program adaptions will be proposed and 

evaluated again at the end of the consecutive season. The communication process of 

the study coordinator (RB) and all included stakeholders during the study period is 

provided in Figure 1.
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Figure 1. Communication process of all included stakeholders

 
Abbreviation: Swiss International Ice Hockey Federation, SIHF

Program use and adherence: Program use and adherence will be assessed based on

the utilization frequency, i.e. number of sessions completed each week compared to the 

study protocol; utilization fidelity, i.e. number of exercises completed from the total 

possible per session; and cumulative utilization, i.e. number of sessions completed 

during the study period from the total possible sessions52 using an exercise diary 

smartphone application filled out by the athletic trainer and by each player. The study

coordinator (RB) will supervise the team without advance notification to validate team

adherence.

Exercise dosage: The dosage of exercises, i.e. intensity, frequency and duration, will 

be documented using an exercise diary on the smartphone filled out by each player.

Protocol fidelity: To ensure adherence to the study protocol during the study period, 

the study coordinator (RB) will provide weekly phone calls to the athletic trainer and 

supervise the team bimonthly without advance notification.

The regular warm-up of the control and intervention teams will be documented by the 

athletic trainers.
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Secondary study outcomes

Traumatic hip/groin injuries: The incidence of traumatic hip/groin injuries will be 

assessed using a standardized injury report form.44 To ensure adherence, the 

responsible person will be asked to send the data collected to the study coordinator (RB) 

on a weekly basis. When incorrect completion of the injury report form or missing data

arise, the person responsible for data collection will immediately be contacted by the 

study coordinator (RB) for clarification. For each player, the total time-on-ice during the 

season will be extracted from the individual statistics page of the SIHF website

(www.sihf.ch/de/game-center/national-

league/#/mashup/players/playerTimeOnIce/timeOnIce/desc/page/0/2017/2158).

Overuse hip/groin injuries: All players will be asked to fill out the OSTRC overuse 

injury questionnaire53 biweekly during the study period to collect information regarding 

overuse injuries of the hip/groin. The OSTRC questionnaire contains four multiple-choice 

questions about: (a) the difficulties participating in normal training and competition during 

the last two weeks, (b) the amount of training volume reduction, (c) the extent of 

performance impairment and (d) the degree of pain related to ice hockey. The responses 

to each of the four questions will be allocated a numerical value from 0 (no 

problems/limitations) to 25 (maximum problems/limitations) and will subsequently be

summed to calculate a severity score from 0 to 100.53

Self-reported hip/groin disability: All players will be asked to fill out the Copenhagen 

Hip And Groin Outcome Score (HAGOS) questionnaire at baseline, after the preparatory 

phase and at the end of the consecutive season. The HAGOS has six subscales: (a)

pain, (b) symptoms, (c) activities of daily living, (d) sport and recreational activities, (e) 

participation in physical activity and (f) quality of life.54 Each subscale is scored from 0 to 

100, where higher scores indicate better hip and groin health.54
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All study outcomes and other assessments are outlined in Table 2.

Table 2. Study outcomes and assessments

Preparatory
phase

Consecutive
season

Months 05 06 07 08 09 10 11 12 01 02 03 04

Primary outcomes: I N T E R V E N T I O N Responsible person:

Responsiveness Study coordinator

Program use and adherence Staff members, players

Exercise dosage (intensity, 
frequency and duration) Staff members, players

Protocol fidelity Study coordinator

Secondary outcomes:

Incidence of traumatic hip/groin 
injuries Staff member

Prevalence of overuse hip/groin 
injuries Staff member

Self-reported hip/groin disability Study coordinator

Other assessments:

Medical baseline questionnaire Team medical doctor

Hip muscle strength Physiotherapist
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Feasibility criteria

Success of feasibility will be defined as a program participation rate of at least 80%, i.e. 

at the individual player level, and a maximum dropout rate of 15% during the study 

period.47 The risk level for severe musculoskeletal adverse events, e.g. muscle/ligament 

tear, should not be greater than 1% of all healthy participants.55 56 High responsiveness 

of all stakeholders must be reached, i.e. no requirements for program improvement, to 

ascertain success of feasibility. Success of program use and adherence will be defined 

when 70% of utilization frequency, utilization fidelity and cumulative utilization are 

achieved.

Sample size calculation

Since the study aim involves the evaluation of feasibility of a hip/groin intervention, a

formal sample size calculation is not applicable. However, a minimum of 12 players per 

team is recommended for feasibility studies.57 Due to the cluster randomization in this 

feasibility trial and to account for possible dropouts, we doubled the sample size to 24 

players including one ice hockey team per group.

Data analysis

Descriptive statistics will be used to present the rates of participation, dropout,

occurrence of adverse events as well as frequencies and proportions of any recorded 

traumatic injury and the HAGOS score. The overall incidence of traumatic injuries will be

calculated as the number of injuries per 1,000 game or training hours during the season.

Qualitative data analysis will be performed to explore the answers of the semi-structured 

interviews and open questions of the questionnaire. The study coordinator (RB) will 

systematically assign codes and analyze the answers to identify themes using 

techniques of constant comparison.50 51 Individuals displaying contrasting attitudes, e.g. 

74



17

negative cases, will be studied in detail to understand the underlying reasons and to gain 

a deeper understanding of the data and findings. Two members of the research team 

will analyze approximately 10% of the qualitative data independently to compare coding 

and enhance dependability of findings. The findings will be presented descriptively and if 

necessary, improvements will be proposed.

Program use and adherence will be validated based on the agreement between the

reports of the players and program deliverer regarding the number of sessions and 

exercises of the program. Data will be presented as proportions of agreement on the 

micro level.

The prevalence of overuse hip/groin injuries will be calculated as the number of players 

who reported overuse problems, identified by a score greater than 0 on any of the four 

questions or substantial overuse problems, divided by the total number of respondents.53

Substantial hip/groin overuse problems will include only those leading to moderate or 

severe reductions in training volume or performance, or an inability to participate in 

normal training/competition.58 The cumulative severity score will also be calculated by 

summing the severity scores of the respective body part for all players over the study 

period divided by the number of respondents within the 2-week interval.53

DISCUSSION

This protocol defines a plan for evaluating the feasibility of a hip/groin injury prevention 

program for ice hockey players in order to conduct a prospective study on a larger scale.

Program responsiveness is expected to be high in players and staff members because 

both groups recognized a high perceived benefit of an injury prevention program as well 

as the relevance of injury prevention in ice hockey in our previous investigation.17 High 

responsiveness of the SIHF is also expected because injury prevention should be one of 

their primary interests.
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Success of program participation as well as use and adherence during the study period 

are expected to be achieved because players and staff members previously 

acknowledged the feasibility of a prevention program in the form of a warm-up of 15 

minutes at least 4 times per week.17 Surprisingly, time was not considered as a barrier 

for program adherence.17

Our proposed hip/groin injury prevention program includes standardized and 

individualized exercises, where the latter were identified as an important facilitator for 

program uptake and adherence.17 However, this makes the program more difficult to

promote as an end-product to ice hockey teams because the individual exercises differ 

from player to player and the program might last longer for some of them. On the other 

hand, ice hockey teams have access to their own physiotherapists and also have the 

appropriate setting to conduct standardized hip muscle strength assessments, which 

supports the practicality for program individualization. We therefore expect a high

responsiveness of the individualized part by the team physiotherapists and players. If the 

standardized exercises are dictated by the athletic trainer, it is expected that the 

program will be performed regularly in a team setting. It is therefore important to attain a

high responsiveness of the program deliverer in order to increase program adherence of 

the players. This is expected because most of the staff members clearly saw a benefit of 

a prevention program in preparing the body for training17, and this aspect will be included 

in the development process of the program.

We only proposed the inclusion of strength and balance exercise elements for the 

hip/groin in this program without additional exercise elements, e.g. agility, stretching, 

plyometrics. This decision is based on our previous umbrella review, which showed that 

muscle strength and balance exercises should be prioritized in lower extremity injury 

prevention programs for team-sport athletes because these elements were most 

effective in preventing these injuries.23 Furthermore, the program needs to be quick and 
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easy to perform with little additional equipment,16 which is difficult to apply for agility and 

plyometric exercises. Agility training usually needs a long hallway often set up with

additional equipment such as cones; and plyometric exercises require different jump 

heights usually created with boxes. Agility and plyometrics are nonetheless included in 

regular ice hockey training sessions (Brunner et al. 2018, unpublished data). Another 

reason for focusing on strength and balance for injury prevention is that these elements 

form the basis of every activity on the ice such as shooting, skating, and checking.39

There is no increase in the risk of adverse events when all athletes perform the

prevention program compared to only those screened as high-risk candidates.14 Neither 

severe nor moderate, e.g. muscle strain/pull, musculoskeletal adverse events are 

expected. Only minor musculoskeletal adverse events related to the testing of hip 

muscle strength (involving maximal-intensity contractions) might occur, e.g. muscle 

soreness. In this case, the symptoms will not last more than 2 to 3 days and will not 

affect the general physical condition of the players. Although a long-term follow-up has 

not been planned for the feasibility study, a 6-month follow-up should be planned to 

evaluate the long-term effectiveness of the intervention if the study is conducted on a 

larger scale.

Adherence to completing the OSTRC questionnaire over a long study period is expected 

to be challenging as experienced in our previous investigation.6 However, the 

questionnaire will be filled out for the feasibility study by smartphone application 

targeting only the hip/groin area to increase long-term adherence.

By applying the proposed injury prevention program to youth ice hockey players, 

traumatic and overuse injuries of the hip/groin are expected to decrease, although

traumatic injuries during games are difficult to address because of the environmental 

conditions. To prevent injuries, a player needs to be best prepared physically, especially

the specific muscles that are prone to injuries, e.g. hip adductors, which is vital for a 
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high-speed, high-collision sport such as ice hockey.38 Overuse injuries are expected to 

decrease especially in youth ice hockey players who have less or not yet occurring

degenerative changes; the results are nonetheless expected to lack any statistical 

significance due to the relatively small sample size. Calculations based upon these 

approximations would lead to an underestimation of results.59

Limitations

One limitation of the feasibility study might be the risk of contamination bias stemming 

from the control team, since this group receives the same study information as that of 

the intervention team prior to randomization.60 The athletic trainer might therefore need 

to consider placing the focus on prevention exercises to also target the specific area. 

This issue will be addressed by applying attention control to the participants, i.e. the 

study coordinator (RB) will provide general information about different injury prevention 

strategies, e.g. sleep, recreation, training, that can be analyzed.

There is also a risk of recall and reporting bias,60 as underreporting of traumatic hip/groin 

injuries may arise due to only one person being responsible for data gathering. However, 

the study coordinator (RB) will be in close contact with the person responsible for data 

collection and provide weekly reminders by e-mails/phone. A final limitation is the lack of 

detailed diagnostic information derived from the OSTRC questionnaire53 and in the case 

of program effectiveness, the classification of overuse hip/groin problems will therefore 

remain unknown.
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The purpose of this scientific work was to develop a protocol for a cluster-randomized 

feasibility study to evaluate an evidence-based injury prevention program for ice 

hockey players, addressing the most common overuse and traumatic injuries to the 

lower extremity. The project consisted of several steps: the first step was an umbrella 

review to evaluate the effectiveness of multicomponent lower extremity injury 

prevention programs in team-sport athletes (Chapter 2); the second step was to assess 

epidemiological injury data in Swiss professional male ice hockey players (Chapter 3); 

the third step was to identify barriers and facilitators among players and staff members 

for adhering to an injury prevention program in professional male ice hockey teams 

(Chapter 4); and the fourth step was to develop an evidence-based injury prevention 

program for the hip/groin for ice hockey players and to plan the evaluation of its 

feasibility in a real-world setting (Chapter 5). In this final chapter, the main findings and 

conclusions are critically reviewed, and some practical implications of this thesis are 

provided. Finally, suggestions for further research in this field are outlined. 

6.1 Key findings 

The first study of this thesis demonstrated the effectiveness of multicomponent exercise 

interventions in reducing the injury incidence/rate of general lower extremity, knee, 

ACL and ankle injuries in team-sport athletes. However, we did not find any effective 

multicomponent exercise prevention program for the hip/groin area. Together, the 

results demonstrated that the most frequent elements of an injury prevention program 

aimed at reducing lower extremity, knee, ACL and ankle injury incidence/rate were a 

combination of strength and balance exercises compared to the less frequent 

exercise components such as stretching, agility, plyometrics and technique. This study 

provided a foundation for the injury prevention program including the two most 

frequent elements to effectively prevent injuries to the lower extremity. 
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The second study demonstrated the significance of hip/groin problems in Swiss ice 

hockey by identifying a reported incidence of 23% for traumatic injuries and 16% for 

overuse injuries. In addition, the most common injury risk factors for traumatic injuries 

were collisions with the opponent’s body (31%), hits by a puck (16%) and collisions with 

the board (13%). Furthermore, the highest game-related injuries were reported for the 

right forward position and the lowest for goalkeepers. Overall, the results 

demonstrated a generally high incidence of traumatic injuries and prevalence of 

overuse injuries with hip/groin problems predominating. These findings highlight a 

significant medical concern of hip/groin problems in ice hockey athletes and were 

therefore addressed within the design of the injury prevention program. 

The most prevalent facilitators for players and staff members about injury prevention 

identified in the third study were knowledge, perceived benefit and relevance of injury 

prevention as well as awareness of the high risk of injuries in ice hockey. Players and 

staff members positively rated the perception of a benefit of such a program, which 

can be considered an important facilitator towards the uptake and adherence of an 

injury prevention program in ice hockey teams. Program individualization was rated as 

highly important by players and staff members and was therefore considered an 

important facilitator for program adherence. The highly-rated benefit of an injury 

prevention program in preparing the body for training by the staff members, facilitates 

adherence to preventive exercises, e.g. warming-up before each training session. This 

study also found that an injury prevention program should be offered to and 

implemented in players of all ages, levels of education and experience in NL, 

irrespective of previous injuries. Together, the barriers and facilitators identified in this 

study were addressed in the development of the prevention program. 

The protocol describes the rationale for a cluster-randomized feasibility study to 

evaluate the hip/groin injury prevention program for ice hockey players based on the 

outcomes of studies I–III and the available literature. The prevention program 
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comprises the Copenhagen adduction exercise1—because ice hockey players are 

particularly susceptible to adductor muscle strains2-4—as well as ice hockey-specific 

functional strength and balance exercises. Each player will additionally perform 

individual strength exercises for each hip muscle group in the case of an identified hip 

muscle strength deficit. High participation and low dropout rates, high program use 

and adherence as well as high responsiveness of players and staff members are 

expected because both groups clearly perceived a benefit of an injury prevention 

program and highly rated the relevance of injury prevention in ice hockey in study III.  

The main findings of each study are summarized in Figure 4 contributing to the protocol 

for a cluster-randomized feasibility study. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Main findings of each study contributing to the protocol for a cluster-

randomized feasibility study. 
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Practical considerations when designing an injury prevention program for ice hockey 

players 

Based on the outcomes of studies I-III, an injury prevention program for ice hockey 

players should take into consideration the following points: 

o Strength and balance exercises should be prioritized besides other exercise 

components; 

o The most common traumatic and overuse injuries in Swiss ice hockey mainly 

affected the hip/groin area; 

o An injury prevention program can best be applied as a part of the warm-up 

program to enhance program adherence; 

o Prevention exercises can be applied to all ice hockey players regardless of 

their characteristics, e.g. age, nationality, previous injuries; 

o At least part of the prevention program should be individualized to enhance 

program adherence; 

o Program deliverers and program end-users should be informed about the 

goal of preventive exercises and should be trained to perform the exercises 

correctly. 

6.2 Strength and limitations 

A strength of this thesis is that players and staff members were and will be integrated 

in the development process of the injury prevention program as well as the subsequent 

implementation process, which is an important aspect for increasing the chance of 

long-term program adherence.5 6 
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The effectiveness of multicomponent lower extremity injury prevention programs in 

team-sport athletes 

A strength of the umbrella review is the high-level synthesis of evidence that identified 

the most frequent exercise combinations for lower extremity injury prevention. The 

major limitation was, however, the heterogeneity of methodological procedures in the 

reviews, which did not permit drawing conclusions about the specific intervention(s) 

for each exercise category as well as the frequency and intensity of such a program. 

In addition, we did not find any effective exercise element combination for the 

hip/groin area. One reason is that most of the original studies used a time-loss definition 

to assess groin injuries,7 which possibly accounted for only about one-third of all 

hip/groin problems.1 8 Hip/groin injuries often present as longstanding overuse 

problems that do not necessarily lead to time loss.9 Another reason explaining the low 

incidence of hip/groin injuries is the lack of a standardized diagnostic protocol; these 

injuries are challenging to diagnose due to the different pathologies and overlapping 

symptoms.7 Because of this aspect of low incidence, a high sample size would be 

needed to eventually detect any significant difference.8 The fundamental element of 

poorly-reported program adherence outlined in the original studies might furthermore 

lead to non-significant results.7 Nevertheless, high adherence to the intervention is 

necessary, as it has previously been shown to result in significant injury risk reduction.1 

10 

Epidemiology of traumatic and overuse injuries in Swiss professional male ice hockey 

players 

The evaluation of ice hockey injuries is a milestone for Swiss ice hockey, since it is the 

first epidemiological study including five NL teams. For practical reasons, the 

epidemiological data was assessed in professional ice hockey players. However, we 

believe that the program should be implemented in youth ice hockey players to 

92



 

ensure that they learn to correctly perform preventive exercises already at an early 

age; these exercises should be included in their training routine to eventually decrease 

the risk of hip/groin problems during growth. Furthermore, lower levels of sport-specific 

training are associated with increased risk of injuries in sport.11 One of the study 

limitations was the duration of only one year, including the preparatory phase and 

competitive season. Another limitation was the sample size restricted to German 

speaking teams. A nationwide evaluation of ice hockey injury patterns would, 

however, only be possible if dictated from the top, e.g. by the Swiss Ice Hockey 

Federation (SIHF). Only one person from each team’s medical staff was responsible for 

active data collection for traumatic injuries and reporting of training hours per week 

of each player, which was very time-consuming. A limitation of the OSTRC overuse 

injury questionnaire is that it focuses only on predefined injury regions and does not 

allow more specific injuries, e.g. FAIS, to be classified.12 Nevertheless, this was the first 

study assessing overuse injuries in Swiss professional ice hockey players, which are 

highly relevant to address, especially for the previously neglected hip/groin area. 

Perceived barriers and facilitators towards an injury prevention program among 

professional male ice hockey players and staff members 

This was the first study assessing barriers and facilitators to program adherence among 

professional ice hockey players and staff members, which are important to consider 

for future program implementation in different ice hockey teams. A strength of this 

study was the inclusion of players and different staff members. Previous investigations 

examining the barriers and facilitators to implement injury prevention programs in 

athletes have typically focused on athletes and/or coaches separately.13-15 The major 

limitation of our study is the low number of staff members, which leads to a limited 

generalizability of the results. However, this issue can only be addressed by increasing 

the total number of teams, which was not possible due to the restriction of teams to 
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the German speaking part of Switzerland. Another limitation is that the questionnaire 

was only face and content validated. However, the purpose of the questionnaire was 

not to apply it on a regular basis, but only once to the included teams. 

Rationale for a hip/groin injury prevention program for ice hockey players  

The main limitation is that we did not evaluate the feasibility of the hip/groin program, 

hence it only resulted in a protocol. Nevertheless, it is important to carefully plan the 

evaluation of the feasibility of an injury prevention program in a real-world setting to 

eventually improve the chances of success in conducting a high-quality, cluster RCT.16 

One of the key elements for ensuring future program implementation and adherence 

is to actively involve different stakeholders in the development process through to 

planning for implementation and conducting evaluation.5 6 17 We will therefore involve 

medical staff members and team captains in the development process of the 

program in order to reach program agreement and enhance program adherence for 

future implementation in their teams.17-19 

6.3 Practical implications 

The knowledge gained from this thesis could lead to a significant impact on injury 

prevention in ice hockey. The findings provided a basis for designing an injury 

prevention program for ice hockey players, which is fundamental for a cluster RCT and 

future implementation in different ice hockey teams. 

Impact on Swiss ice hockey 

Results from this thesis have been presented to the participating ice hockey teams as 

well as regularly at the Annual Swiss Ice Hockey Medical Day, where staff members, 

e.g. physiotherapists, medical doctors, of different ice hockey teams are invited. 

Moreover, the results were presented to the Zurich Insurance Company to enhance 

the awareness towards injury prevention in Swiss ice hockey. Finally, a newspaper 
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article will be published in the Neue Zürcher Zeitung (NZZ) to present the results of this 

thesis and increase the focus of the general population on the severity of ice hockey 

injuries and how they might best be addressed. 

6.4 Suggestion for further research 

The feasibility study will help to determine whether an injury prevention program as 

part of a routine warm-up is realistic in the setting of an ice hockey team. If this aim is 

achieved, the effectiveness of the program needs to be tested further in the form of 

a cluster RCT, which would be a milestone in the prevention of hip/groin injuries in ice 

hockey. It is very important to conduct RCTs due to the lack of primary studies and the 

excessive publication of systematic reviews and meta-analyses on the topic of injury 

prevention in athletes. In addition, the nationwide regularly assessment of ice hockey 

injuries is crucial to evaluate injuries on a long term. Based on that, other specific 

prevention programs can be developed to decrease the risk of injuries and associated 

costs. However, this is only possible if dictated from the top, e.g. by the SIHF or accident 

insurances, due to the time-consuming data collection. Once demonstrated the 

effectiveness of an exercise program does not, however, automatically lead to 

program implementation in teams; failure to plan a program implementation can 

result in poor adherence and lack of success.20 The translation into a real-world setting 

is therefore crucial.21 22 To do so, it is important to describe, in detail, how to implement 

an injury prevention program and develop stakeholder-specific implementation 

activities for program adherence and maintenance in ice hockey teams. Future 

studies should no longer focus on traumatic injuries only, but rather include the 

assessment of overuse problems to capture the true number of injuries sustained by 

athletes, especially for the often-neglected hip/groin area. 
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6.5 Conclusion 

This doctoral thesis builds a foundation for injury prevention research in ice hockey. 

Hip/groin injuries were found to be a major problem for ice hockey players and should 

therefore be addressed by implementing preventive exercise programs as a part of 

the team warm-up. The feasibility and effectiveness of such an exercise program in a 

real-world setting should be evaluated in form of a cluster RCT. This will, in turn, help to 

develop future implementation strategies. 
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