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ABSTRACT

Although it is advocated that end-users are engaged in
developing evidence-based injury prevention training to
enhance the implementation, this rarely happens. The
‘Implementing injury Prevention training ROutines in
TEams and Clubs in youth Team handball (I-PROTECT)’
uses an ecological participatory design incorporating

the perspectives of multiple stakeholders throughout

the project. Within the I-PROTECT project, the current
study aimed to describe the development of holistic
injury prevention training specifically for youth handball
players through using knowledge from both end-users
(coaches and players) and researchers/handball experts.
Employing action evaluation within participatory action
research, the cyclical development process included three
phases: research team preparation, handball expert-
based preparation and end-user evaluation to develop
injury prevention training incorporating both physical and
psychological perspectives. To grow the knowledge of the
interdisciplinary research team, rethinking was conducted
within and between phases based on participants’
contributions. Researchers and end-users cocreated
examples of handball-specific exercises, including injury
prevention physical principles (movement technique for
upper and lower extremities, respectively, and muscle
strength) combined with psychological aspects (increase
end-user motivation, task focus and body awareness) to
integrate into warm-up and skills training within handball
practice. A cyclical development process that engaged
researchers/handball experts and end-users to cocreate
evidence-based, theory-informed and context-specific
injury prevention training specifically for youth handball
players generated a first pilot version of exercises
including physical principles combined with psychological
aspects to be integrated within handball practice.

INTRODUCTION

Although highly effective in reducing muscu-
loskeletal injuries in youth team ball sports
under controlled conditions, evidence-based
injury prevention training has had limited
public health impact because it is not widely
or properly implemented or sustained in
real-world sports settings.' * Not engaging

Key messages

What is already known?

» Evidence-based injury prevention training is high-
ly effective in reducing musculoskeletal injuries in
youth team ball sports under controlled conditions
but has had limited public health impact because it
is not widely or properly implemented or sustained
in real-world sports settings.

» The lack of engaging end-users at the individual
(athlete and coach) and organisational (administra-
tion) levels to plan, develop and implement injury
prevention training is an important contributor to
insufficient implementation.

» There are no injury prevention programmes avail-
able for youth handball players that target both up-
per and lower limbs or include psychological aspects
of injury prevention

What are the new findings?

» This study engaged end-users and researchers/
handball experts in participatory action research to
cocreate holistic injury prevention training specifi-
cally for youth handball players.

» A cyclical development process was used, including
three phases: research team preparation, handball
expert-based preparation, and end-user evalua-
tion, along with continuous rethinking and grow-
ing knowledge within an interdisciplinary research
team.

» A pilot programme was generated, encompassing
examples of handball-specific exercises including
physical principles of injury prevention (movement
technique upper and lower extremities, respectively,
and muscle strength) combined with psychological
aspects (increase end-user motivation, task focus
and body awareness) to integrate in handball prac-
tice warm-up and skills training.

» Further studies may reveal if injury prevention train-
ing cocreated in a cyclical development process in-
volving researchers and end-users helps make such
training a regular part of handball practice.

end-users at the individual and organisational
levels to plan, develop and implement injury
prevention training (or any other health
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promotion intervention) is an important contributor
to insufficient implementation.”” Collaborating with
end-users provides insights into the implementation
context,?®” helps identify and overcome implementation
barriers (eg, lack of motivation and context-specificity,”*
and creates end-user ownership in an inclusive way with
all voices heard." Moreover, social or behavioural theo-
ries can inform intervention development to improve
programme adherence.'*

Although youth handball players are vulnerable to
lower and upper extremity injuries,” '® available injury
prevention interventions target either lower'” ' or
upper'? limbs. Furthermore, it is recommended that
injury prevention training combine physical and psycho-
logical interventions,” as psychological training also
reduces the risk of injury.®' To our knowledge, there are
no injury prevention programmes available for youth
handball players that target both upper and lower limbs
or include psychological aspects of injury.

In this context, the ‘Implementing injury Prevention
training ROutines in TEams and Clubs in youth Team
handball (I-PROTECT)’ project was initiated through
dialogue between end-users and researchers in 2015 with
the overall goal to make injury prevention training part
of regular handball practice in youth handball through
a series of studies. While available injury prevention
training for handball players commonly has a researcher-
perspective focusing on evidence-based content and
poorly described end-user involvement,' ™ LPROTECT
has an ecological participatory design incorporating the
perspectives of multiple stakeholders (health beneficia-
ries, programme deliverers, policymakers) throughout
the project.”*® The first [PROTECT study identified the
facilitators among stakeholders at multiple levels that
could help embed injury prevention training in regular
training routines.” The findings suggested that context-
specific injury prevention training, incorporating both
physical and psychological aspects, and accompanied
by a context-specific implementation strategy should
be developed in collaboration with stakeholders.”
End-users wanted to know and understand why and
how injury prevention training works. They wanted a
set of age-relevant, fun, varied and handball-specific
exercises to integrate within handball practice. Psycho-
logical aspects of injury prevention can include coach
communication, behaviour change, and providing
feedback and creating a positive and accepting training
environment. End-users also emphasised the impor-
tance of strong club leadership and support from the
district and national handball federations, for example,
by including injury prevention training in the coach
education.” Based on the first LlPROTECT study results,
the next steps included developing the I-PROTECT
model, an end-user-driven implementable intervention
featuring evidence-based, theory-informed and context-
specific injury prevention training, and an associated
implementation strategy, as described in a recent plan-
ning paper.”

This study aimed to describe the development of an
injury prevention training programme specifically for
youth handball players, incorporating knowledge from
coaches, players and researchers/handball experts.

MATERIAL AND METHODS
Action research as theory and practice
The I-PROTECT project is methodologically framed by
the principles of action research, which ‘brings together
action and reflection, theory and practice, in the pursuit
of practical solutions to issues of pressing concern’.'?
In contrast to other forms of applied research, action
research implies ‘pragmatic cocreation of knowing
with, not on about, people' in a cyclical developmental
process, where researchers and stakeholders collaborate
in a common project. In this study, the cyclical devel-
opment process corresponded to the research team’s
knowledge progress informed by input from stakeholders
at different stages towards the outcome, that is, a first
program version. Given that action research is a broad
methodology with various research practices, the I-PRO-
TECT project is further defined as a participatory action
research (PAR) practice in which action evaluation (AE)
is used as a specific PAR method. In AE, stakeholders are
asked to define what goals they have, why these goals are
important, and how they should be achieved before eval-
uating the goal-related activities in practice.”
Stakeholder engagement can be monitored on a
5-point rating scale, where very low (1) indicates that
researchers make all decisions, moderate (3) that stake-
holders contribute to decision-making, but researchers
make the final decision, and very high (5) that stake-
holders are involved in all decision-making.** The current
study is high (4) on this scale. The I-PROTECT project
was initiated during a dialogue between researchers and
end-users, in which end-users expressed that they wanted
to use injury prevention training but needed help to do
so. Therefore, our first .)PROTECT study explored the
end-users’ needs and showed that they wanted to under-
stand the importance, benefit and principles of injury
prevention training (why) and have a set of handball-
specific exercises (what) to integrate within handball
training (how and when).” Hence, in this study, key stake-
holder representatives in the planning group underlined
that they wanted researchers/handball experts to initiate
the development of exercises. End-users would then test
and evaluate exercises in practice in line with AE. Results
from each phase were presented to key stakeholders in
the planning group to enable discussions and agree on
how to proceed to the next phase.

Guiding process

The starting point of this study was the results from the
first -PROTECT study in which end-users’ needs were
identified.” We then: (1) identified and synthesised
research evidence and clinical experience; (2) consulted
relevant experts and (3) engaged end-users to ensure
their needs, capacity and values were considered. These
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O = Rethinking through dialogue.

R = Research team, E = researchers/handball experts, Eu = End-users (coaches, players)
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Figure 1

Sep 2018-Jan 2019

Febr-Apr 2019 May-Aug 2019

Sep 2019

Development of pilot version of injury prevention training for youth handball players available in I-PROTECT GO,

a mobile application specifically developed for coaches. The starting point was end-users’ needs identified in our first I-
PROTECT project study.” I-PROTECT, Implementing injury Prevention training ROutines in TEams and Clubs in youth Team

handball.

align with the three first steps of the generalisable six-step
intervention development process.

Employing PAR and the guiding process, the current
study included three phases: research team prepara-
tion, handball expert-based preparation, and end-user
development and evaluation to develop the first draft of
an injury prevention training programme. To grow the
research team’s knowledge, rethinking was conducted
within and between phases based on participants’ contri-
butions (figure 1).

Research team preparation phase

Systematic reviews and randomised controlled trials
(RCTs) published in the peerreviewed literature in the
past b years were reviewed to identify physical and psycho-
logical principles of effective injury prevention training.
Literature was also reviewed to identify key challenges to
implementing injury prevention interventions in commu-
nity youth team ball sports. The collective knowledge and
experience of the research team of theory, evidence and
practice, including end-users’ needs identified in our
first LlPROTECT study,7 was also employed.

Handball expert-based development phase

Experts with relevant knowledge within the research field
and/or implementation context living within reasonable
travel distance from Sweden were identified and contacted
by members of the research team (EA and SB). Sixteen

experts were invited, and five declined to participate due
to lack of time. The 11 experts (8 PhD, 2 MSc and 1 BSc
degree) had research and/or clinical knowledge in sports
medicine or sport psychology, and all handball knowledge
(player, coach and/or coach instructor) and/or knowledge
in physical/psychological development in youth.

Three structured 1 day face-toface workshops—two
discipline-specific (sports medicine and sport psychology,
respectively) and one final interdisciplinary—were held to
develop injury prevention training specifically for Swedish
youth handball players. One expert participated in both
discipline-specific workshops as she had knowledge of both
physical and psychological aspects of handball. Two experts
(one in sports medicine, one in sport psychology) could not
attend the interdisciplinary face-to-face workshop but gave
feedback on the results. The experts were provided with
the outcome of the research team preparation phase and
a summary of the results from the first [PROTECT study,’
before the workshops via an Open Science Framework
(Centre for Open Science, USA) homepage.

The workshops aimed to identify and reach consensus
on principles and propose examples of exercises of injury
prevention training for youth handball players. The experts
were asked to consider the following key aspects from stake-
holders’ perspective, identified in the first I'PROTECT
study”: to know and understand the importance, benefits,
and principles of injury prevention training (why); be given
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examples of exercises that are age-relevant, fun, varied and
handball-specific (what); and exercises that could be inte-
grated in handball practice (how, when). Nominal group
technique® ** was used in the workshops including®’: (1)
Introduction and explanation (ie, study background and
specific aim); (2) Silent (individual) ideas generation; (3)
Sharing ideas without debate; (4) Group discussion and
(5) Consensus. Sharing ideas and group discussion were
first done in small groups (two or three participants), then
in the whole group. Consensus discussion was performed
in the whole group. Workshop participants documented
their results. Handballs were used, and the proposed exer-
cises were practised in small groups and the whole group.
Research team members circulated between the groups to
answer questions and/or reinforce the task(s) and goal of
the workshop and ensure that the key aspects from the stake-
holders’ perspective were considered. When needed, the
research team ensured progress by emphasising the frame
of the task. Research team members (EA and SB) planned,
facilitated, and synthesised the results from each workshop.
The experts reviewed and provided feedback on each
synthesis, and then all agreed on a final version. The results
from the workshops were discussed with the key stakeholders
before the research team developed the exercises into a first
programme draft.

End-user development and evaluation phase

The initial end-user acceptability of the first programme
draft was evaluated in structured workshops with youth
handball coaches (programme deliverers) and players
(programme participants and beneficiaries). Coaches
and players were recruited from the youth teams in
the two community handball clubs participating in the
I-PROTECT project. Eight coaches (all males) and 15
players (15-17 years, 8 females) volunteered to partici-
pate. Members of the research team (EA, SB and JL) led
and facilitated the workshops, and a representative (n=3)
from each of the two clubs and the regional handball
federation (responsible for club/federation operation)
participated in the workshops. The workshops started
with an introductory didactic session to provide partic-
ipants with information about the I-PROTECT project,
current research evidence and results from study 1,”
and a summary from the researchers/handball expert
workshops. Participants were given examples of exer-
cises intended to be integrated into handball practice
(warm-up and handball skills training) and practised
the exercises. To evaluate acceptability,” coaches were
asked if exercises were practicable (ie, easy/difficult to
put into practice), relevant, and/or meaningful. They
scored individually as a yes/no answer together with
any comments on a sheet. In addition, discussions with
coaches and players were continuously facilitated (after
each exercise, warm-up exercises, and handball exercises,
respectively), and the received feedback was summarised
to ensure mutual understanding. Finally, in group discus-
sions with coaches and players, respectively, they were
asked their perceptions about usability,” to ensure their

perspectives and suggested revisions were considered.
These group discussions aimed to get feedback from
coaches and players and agree on exercises that were easy
to understand and use, efficient, acceptable, appealing
and valuable. Research team members developed the
exercises into a second programme draft based on feed-
back from coaches and players.

Reflexivity

Given the asymmetrical power relationship between
experts and practitioners, particularly when youth are
involved, we anticipated that the youth might hesitate to
express their actual experiences (eg, if an exercise felt
uncomfortable) or opinions (eg, if they did not enjoy
the programme). Therefore, we engaged in continuous
dialogue with participants following the PAR method-
ology. The interdisciplinary research team represented
different expert fields (both theory and practice), that
is, sports medicine (EA), sport psychology (SB) and
handball (JL) and adopted continuous reflection to
reinforce rethinking and growing knowledge (figure 1),
as reported in previous PAR studies.”” The joint reflec-
tive knowledge process sometimes required thoroughly
discussing the meanings of different key concepts and
interpreting results to reach a common understanding.
These discussions resulted in a more complex and prag-
matic understanding than would be possible from a
single discipline approach. The research team indicated
and emphasised that all participants (coaches, players,
researchers/handball experts) were experts within their
field(s) to encourage and optimise input, creativity and
feedback.

RESULTS

The main results are provided in figure 1.

Research team preparation phase

Nine systematic reviews, including physical principles,
along with one systematic review and one RCT on psycho-
logical principles of effective injury prevention training in
youth team ball sports, were identified. Literature on key
challenges to implementing injury prevention interven-
tions in team ball sports, that is, lack of time and interest,
lack of programme variation, low priority, lack of context-
specific training, lack of support, was also identified.
The research team’s experience included knowledge of
existing injury prevention training programmes for team
sports, particularly handball (Fittoplay.org and a Swedish
knee control programme), expertise in implementation
science and behaviour change, and knowledge of the
implementation context from our first L[PROTECT study.
The literature identified is provided in online supple-
mental appendix 1.

Handball expert-based development phase

Discipline-specific workshops

The sports medicine experts agreed on physical princi-
ples and examples of exercises, and to increase player/
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coach motivation and ownership (online supplemental
appendix 2). Generally, exercises were to be integrated
into handball practice. Some exercises (eg, throwing)
could be performed before training when waiting to
access the courts, and muscle strength exercises could
be integrated into either warm-up (all ages) or strength
training (older players). The sport psychology experts
agreed that the main aspect should be reducing stress
levels with focus areas for the individual, team, and
organisation. Generally, sport psychology exercises
and perspectives were outlined (online supplemental
appendix 3).

In both workshops, experts agreed on the following
overall guidance/principles to increase motivation
and end-user (player, coach) ownership of exercises:
age-relevant (younger 13-14 years, older 15-17 years);
sport-specific and meaningful; fun, varied, challenging
and progressions of difficulty; player-attractive and
coach-attractive (packaging); injury prevention and
performance-enhancing; and use role models to demon-
strate exercises (eg, films as in fittoplay.org). The existing
guidelines employed by handball coaches in Sweden,
that is, use of a ball, perceived fun, and high activity were
thought to help integrate the training within the regular
practice.

After summarising the results, the research team and
experts agreed that the organisational perspective, load-
management (physical and psychological perspectives),
and packaging would be developed in future project
work.

Interdisciplinary workshop

A consensus was reached about the overall principles
on why handball-specific injury prevention is important
(reduce injury, enhance performance, fun, more players
available), what components to include in exercises
(handball-specific, meaningful, fun, skill development,
the external focus of attention, cooperation, compe-
tition, mindfulness and task focus, throwing and also
jumping with/on the non-dominant side for symmetry),
and when to perform (prewarm up, start-up, warm-up,
handball skills training, fitness training (all ages) and
strength (15-17 years)). It was also agreed that the
proposed exercises were relevant for males and females.
Thus, no gender-specific exercises were suggested. Specif-
ically, examples of exercises including a holistic view were
developed from four physical perspectives (movement
technique lower extremities, movement technique upper
extremities, muscle strength, and all-round training
for physical fitness) and three psychological perspec-
tives (decrease stress and increase task focus, increase
motivation through applying self-determination theory
(SDT), and external focus of attention) (table 1, online
supplemental appendix 4). At the end of the workshop,
it was agreed that further work was needed to develop
handball-specific injury preventive strength exercises and
sport psychology exercises.

Continued work in the research team

Based on the results from the expert consensus and
subsequent discussion with key stakeholders, research
team members (JL, EA, SB) continued to develop exer-
cises to integrate within warm-up and handball skills
training. A team member (JL), who is also a coach,
tested trial exercises with players to receive their input
and to evaluate, from a coaching perspective, whether
exercises were feasible to perform at handball practice
(figure 1). Handball-specific exercises were developed
to target lower extremities, upper extremities, and
muscle strength, respectively, with integrated psycho-
logical aspects (increase end-user motivation, task focus
and body awareness) (table 2). Muscle strength exer-
cises targeted the core, although several exercises also
targeted leg and shoulder strength. Based on our clin-
ical experience, grip/wrist strength training was added
and integrated into relevant exercises to enhance perfor-
mance and ensure handball-specific exercises. General
aspects of injury prevention, that is, balance, coordina-
tion, posture and/or flexibility, were included in several
exercises.

End-user development and evaluation phase

Workshops with coaches and players

Feedback from coaches and players (see table 2) aligned
with autonomy (eg, meaningful exercises), perceived
competence (eg, progression of difficulty), and relat-
edness (eg, pairwise exercises) (table 2). All coaches
reported that the exercises were, in principle, practical
(ie, able to put into practice), relevant and meaningful
to incorporate in warm-up and handball skills training.
Some coaches perceived that three exercises were not
relevant or too difficult to put into practice for younger
players. Coaches requested clear instructions (why and
how) for each exercise and examples of correct/incor-
rect movement techniques. They requested a programme
including selected exercises instead of a bank of exercises
to choose from. They also wanted the exercises available
on a digital platform. Players perceived the exercises as
fun, relevant, and handball-specific and indicated that
clear instructions (why and how), as well as pair and
group exercises, enhanced motivation for uptake. Two
physical fitness exercises (obstacle course and dance)
were discussed as an optional warm-up, and coaches and
players believed both could work for all ages. However,
these exercises were not prioritised at this stage of
programme development.

Continued work in the research team

Research team members (JL, EA, SB) continued devel-
oping the exercises based on coach and player feedback,
for example, include clear instructions for exercises (why,
how, movement technique and feedback) and provide
an example programme (table 2). This generated a
pilot version of exercises including physical principles
and psychological aspects to be integrated into hand-
ball practice (figure 1, table 3). Information Technology
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Table 3 Pilot version of injury prevention training including exercises integrated within warm-up and handball skills training,

respectively

Exercises integrated within warm-up (n=6)

Exercise description

Included physical principles

Integrated psychological aspects

Plank with arm wrestling and ball. 2

levels of difficulty (online supplemental

file 5)
Single-leg standing balance with ball
Run with foot plant*

Bow and arrow with resistance band*
Shoulder external rotation (upper arm

close to body) with resistance band

Squat with partner. 2 levels of difficulty

Core and grip muscle strength

Leg and grip muscle strength

Hip-knee-foot alignment, soft and controlled
landings, leg strength

Muscle strength posterior part of shoulder
Muscle strength posterior part of shoulder

Leg and core muscle strength, hip-knee-foot
alignment

Exercises integrated within handball skills training (n=8)

Exercise description
Backwards throw*

Throw behind back

Overhead-throw

Integrated strength in technical skills
training

Slow-motion feint with elevated arm. 3
levels of difficulty (online supplemental

file 6)
Jumping and cutting exercise with

elevated arm and ball in hand. 3 levels

of difficulty

Jumping and cutting exercise with
catch and throw (catch ball after
landing)

Jumping and cutting exercise with
catch and throw (catch ball when
jumping, before landing) (online
supplemental file 7)

Muscle strength posterior part of shoulder,
wrist

Muscle strength posterior part of shoulder,
wrist

Muscle strength posterior part of shoulder,
wrist

Muscle strength exercises coupled with
specific handball skills practice, that is,
shoulder—throwing; core —defence; jumping
and landing—feint and cutting movements

Leg and core muscle strength

Landing on both feet, hip-knee-foot alignment,
soft and controlled landings, narrow cutting
technique, leg muscle strength

Landing on both feet, hip-knee-foot alignment,
soft and controlled landings, narrow cutting
technique, leg muscle strength

Landing on both feet, hip-knee-foot alignment,
soft and controlled landings, narrow cutting
technique, leg muscle strength

Pairwise, competition

Pairwise, competition

Mindful muscle activation, peer-
feedback (optional)

Pairwise
Pairwise

Pairwise

Pairwise, peer-feedback

Pairwise, peer-feedback

Pairwise, peer-feedback

Group exercise in which players
choose exercises from circuit
programme

Pairwise, mindful muscle activation
Mindful muscle activation

Pairwise, mindful muscle activation

Pairwise, mindful muscle activation

The exercises were developed by the research team based on feedback from coaches and players (table 2) and were made available for
coaches in a mobile application, I-PROTECT GO, specifically developed for the present study.
Examples of exercises are provided in online supplemental file 8, along with videos of exercises provided in online supplemental files 5-7.

*Exercises from Fit to play (fittoplay.org).

I-PROTECT, Implementing injury Prevention training ROutines in TEams and Clubs in youth Team handball.

consultants were appointed to produce a mobile appli-
cation prototype, called I-PROTECT GO, including this
pilot version of the programme.

DISCUSSION

In this study, researchers/handball experts and end-
users cocreated holistic injury prevention training
specifically for youth handball players. A cyclical devel-
opment process including multiple phases, rethinking
and growing knowledge generated a first pilot version

encompassing examples of exercises informed by phys-
ical principles combined with psychological aspects to
integrate into warm-up and skills training within hand-
ball practice.

In most previous work, researchers and/or clini-
cians developed injury prevention programmes to
evaluate efficacy in controlled trials’*™, with little
or no end-user engagement. In this study, we cocre-
ated injury prevention training by applying PAR
and using a cyclical development process including

8 Ageberg E, et al. BMJ Open Sp Ex Med 2022;8:e001263. doi:10.1136/bmjsem-2021-001263
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dialogue between researchers and stakeholders, and
continuous collective reflection and rethinking to
grow knowledge within an interdisciplinary research
team. This process aimed to facilitate sustained and
high-fidelity delivery and practice of injury preven-
tion training. PAR is particularly appropriate for this
as it involves stakeholders throughout the research
process. As a result, they see the practical value of the
outcome as it reflects their perspectives.

The literature search identified several system-
atic reviews, including physical perspectives of injury
prevention within team ball sports, but few studies on
psychological perspectives. This was expected as psycho-
logical interventions are rare in this context.”! Knowledge
of the implementation context is important to facilitate
the adoption and sustained use of evidence-based injury
prevention training.** Therefore, results from our first
I-PROTECT study were crucial in this programme devel-
opment phase as these identified facilitators among
stakeholders at multiple levels, which could help injury
prevention training become part of regular training
routines.” These results,7 and the identified research
evidence, were discussed within the planning group and
underpinned subsequent phases.

To avoid an overly complex task initially, research
team members decided to start with discipline-specific
workshops with the researchers/handball experts. This
enabled participants to interact and develop knowledge
within their intellectual comfort zone before generating
more multifaceted knowledge in the subsequent inter-
disciplinary workshop. Although the experts agreed on
overarching physical and psychological principles and
proposed examples of exercises, it was challenging to
develop handball-specific exercises incorporating both
physical and psychological principles that could be
integrated into different parts of handball practice. In
contrast to our holistic approach, existing injury preven-
tion training (eg, Fit to play, FIFA 11+, Knee Control)
appears to be less complex with a focus on physical aspects
only (mainly lower extremity) and is typically part of, or
an optional, warm-up. After consensus from the interdis-
ciplinary workshop, research team members continued
to develop handball-specific injury preventive exercises
focusing on physical perspectives incorporating psycho-
logical aspects integrated within warm-up and handball
skills training that the end-users tested and evaluated.

Few previous studies have involved end-users in
programme development. In one study, end-users
provided feedback on a programme developed by a
research team,6 and in another study, end-users identified
critical elements to include in an injury risk reduction
program.” We started our study with end-users’ needs,
and coaches and players tested and evaluated exercises
during development. Feedback from coaches and players
was generally well aligned with SDT (ie, autonomy,
perceived competence, and relatedness) (table 2), a
framework for understanding factors that promote moti-
vation,” that the experts agreed should be applied in the

exercises. Coaches and players also generally perceived
the exercises as meaningful, handball-specific, varied
and fun, suggesting that the exercises addressed the key
needs of stakeholders.” Sportspecific and fun exercises
have been identified as facilitators by others,”"" as well
as exercises that may enhance performance,'’ while lack
of motivation, enjoyment, engagement, sport-specificity
and variations are frequently identified barriers to uptake
of injury prevention training.*'* Feedback for improve-
ments included having clear instructions about why
(purpose and relevance to handball) and how (correct/
incorrect movement technique, video of exercises) and
the progression of exercises for variation. End-users
also requested a typical programme, not just a bank of
exercises, via a digital tool to support self-management,
adoption, and uptake. After the end-user workshops,
research team members developed the first version of
injury prevention training, which was then evaluated by
coaches and players.”

The main strength of this study is that PAR was
applied, where coaches, players, and researchers/
handball experts collaborated to cocreate the
programme based on interdisciplinary research
evidence and end-users’ perspectives. The cyclical
development process enabled the research team
to rethink and grow knowledge through dialogue
with researchers/handball experts, end-users, and
key stakeholders. To our knowledge, our pilot
version of injury prevention training is the first
programme that includes a holistic approach.
Moreover, we incorporated injury preventive prin-
ciples into handball-specific exercises for regular
handball practice. Another strength is the interdisci-
plinary composition of the research team, where all
researchers contributed with valuable disciplinary
expertise and relevant practice-based experience.
Although an interdisciplinary approach is valuable,
it is not without challenges. Increased understanding
of another discipline area and merging perspec-
tives into higher levels of learning and knowledge
required extra time for reflection and rethinking.
Replacing discipline-specific workshops with interdis-
ciplinary workshops was considered too complex and
difficult but could have diminished paradigm-specific
starting points. There are also other limitations to
acknowledge. Although the feedback from coaches
and players is likely representative of other teams,
the generalisability of the findings may be compro-
mised due to the two participating clubs being active
in the same city. Because youth handball is voluntary
work for coaches and undertaken during the spare
time for players, end-users had limited time to partici-
pate despite their high interest in participating in the
study. The collaborative and reflective process used in
our study was time-consuming. Further studies could
explore more efficient ways to cocreate an evidence-
based, theory-informed and context-specific injury
prevention training programme. Finally, we cannot
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exclude the possibility that a different research
team and a group of end-users would generate other
results. Nonetheless, the outcomes of this study make
a valuable contribution to developing safer handball
training for youth.

CONCLUSION

A cyclical development process that engaged coaches,
players and researchers/handball experts to cocreate
evidence-based, theory-informed and contextspecific
injury prevention training for youth handball players,
generated a first pilot version of exercises including phys-
ical principles combined with psychological aspects to
be integrated within handball practice. The pilot version
was made available in a mobile application (I-PROTECT
GO), specifically developed within the I-PROTECT
project, for coaches to test and evaluate with their teams.
A need to further develop injury preventive strength
exercises and sport psychology exercises was identified.

Author affiliations

1Department of Health Sciences, Lund University, Lund, Sweden

Department of Educational Sciences, Lund University, Lund, Sweden

®Centre for Higher and Adult Education (CHAE), Stellenbosch University,
Stellenbosch, South Africa

“Department of Psychology, Lund University, Lund, Sweden

SCentre for Sport and Social Impact (CSSI), La Trobe University, Melbourne, Victoria,
Australia

®Regional Handball Federation in South Sweden, Lund, Sweden

"Center for Human Movement Sciences, University of Groningen, Groningen, The
Netherlands

¥School of Sport Studies, Hanze University Groningen School of Social Studies,
Groningen, The Netherlands

%School of Health and Welfare, Halmstad University, Halmstad, Sweden

190slo Sports Trauma Research Center, Norwegian School of Sports Sciences, Oslo,
Norway

"Department of Sports Science and Clinical Biomechanics, University of Southern
Denmark, Odense, Denmark

"2Department of physiology, nutrition and biomechanics, The Swedish School of
Sport and Health Sciences, Stockholm, Sweden

Blnstitute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden

Twitter Eva Ageberg @EvaAgeberg

Acknowledgements The authors thank the key stakeholders and the participating
coaches and players. The authors also thank Dr Louise Thoma for conducting

the literature search and summarising current relevant literature for physical
perspective of injury prevention in youth team sports, as well as LU Innovation

(hub for innovation at Lund University) for collaboration with producing the first
prototype of the mobile application I-PROTECT GO.

Contributors EA, SB and EMB designed the study, and AD and JL contributed

to this process. EA and SB were responsible for data collection, and JL assisted
in this process. JL, KM, EAd, AB, JE, SG, UJ, KL, GM, MM and UT participated

in workshops in the handball expert-based development phase and provided
feedback on syntheses from the workshops. EA and SB analysed and interpreted
data, and EMB, KM and JL provided feedback. EA drafted the manuscript. SB
contributed to the writing about psychological perspectives, and EMB about
participatory action research methodology. SB, EMB, KM and JL provided feedback
on early versions of this manuscript. AD, EAd, AB, JE, SG, UJ, KL, GM, MM and

UT provided feedback on later versions of the manuscript. All authors read

and approved the final version of the manuscript, and agreed with the order of
presentation of the authors. EA is responsible for the overall content as guarantor.

Funding This work was mainly supported by the Swedish Research Council for
Sport Science and the Crafoord Foundation. Grants were also received from Anna-
Greta Crafoord’s foundation, Kock’s foundation, Magnus Bergvall’s foundation,
Alfred Osterlund’s foundation and Sten K Johnson’s foundation. No funding bodies

were active in study design, data collection, analysis or interpretation, nor in
preparation of the manuscript.

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved

by Regional Ethical Review Board in Lund, Sweden. Reference number: EPN
2014/713. Participants gave informed consent to participate in the study before
taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available from the authors on reasonable
request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Eva Ageberg http://orcid.org/0000-0002-8639-3006

REFERENCES

1 DiStefano LJ, Frank BS, Root HJ, et al. Dissemination and
implementation strategies of lower extremity preventive training
programs in youth: a clinical review. Sports Health 2017;9:524-31.

2 Verhagen E, van Nassau F. Implementation science to reduce
the prevalence and burden of MSK disorders following sport
and exercise-related injury. Best Pract Res Clin Rheumatol
2019;33:188-201.

3 Glasgow RE, Harden SM, Gaglio B, et al. Re-aim planning and
evaluation framework: adapting to new science and practice with a
20-year review. Front Public Health 2019;7:64.

4 Donaldson A, Finch CF. Planning for implementation and translation:
seek first to understand the end-users' perspectives. Br J Sports
Med 2012;46:306-7.

5 O’Brien J, Finch CF. Injury prevention exercise programs for
professional soccer: understanding the perceptions of the end-
users. Clin J Sport Med 2017;27:1-9.

6 Donaldson A, Lloyd DG, Gabbe BJ, et al. Scientific evidence is just
the starting point: a generalizable process for developing sports
injury prevention interventions. J Sport Health Sci 2016;5:334-41.

7 Ageberg E, Bunke S, Lucander K, et al. Facilitators to support
the implementation of injury prevention training in youth
handball: a concept mapping approach. Scand J Med Sci Sports
2019;29:275-85.

8 O'Brien J, Finch CF. Injury prevention exercise programmes in
professional youth soccer: understanding the perceptions of
programme deliverers. BMJ Open Sport Exerc Med 2016;2:e000075.

9 Lindblom H, Carlfjord S, Hagglund M. Adoption and use of an injury
prevention exercise program in female football: a qualitative study
among coaches. Scand J Med Sci Sports 2018;28:1295-303.

10 Soligard T, Nilstad A, Steffen K, et al. Compliance with a
comprehensive warm-up programme to prevent injuries in youth
football. Br J Sports Med 2010;44:787-93.

11 Moeller M, Zebis MK, Myklebust G, et al. "Is it fun and does it
enhance my performance?" - Key implementation considerations
for injury prevention programs in youth handball. J Sci Med Sport
2021;24:1136-1142.

12 Donaldson A, Callaghan A, Bizzini M, et al. A concept mapping
approach to identifying the barriers to implementing an evidence-
based sports injury prevention programme. Inj Prev 2019;25:244-51.

13 Bradbury H. Introduction: how to situate and define action research.
London: The sage handbook of action research: SAGE, 2015: 1-9.

10 Ageberg E, et al. BMJ Open Sp Ex Med 2022;8:¢001263. doi:10.1136/bmjsem-2021-001263

1ybuAdoo
Aq pa1osioid 1senb Aq 20z ‘0T [udy uo /wod fwg wesuadolwgy/:dny wouy papeojumoq Zzoz Udy G Uo £9ZT00-TZ0Z-Waslwa/9eTT 0T Se paysiignd 1s.1y :paiy 218x3 Mods uado NG


https://twitter.com/EvaAgeberg
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8639-3006
http://dx.doi.org/10.1177/1941738117731732
http://dx.doi.org/10.1016/j.berh.2019.02.011
http://dx.doi.org/10.3389/fpubh.2019.00064
http://dx.doi.org/10.1136/bjsports-2011-090461
http://dx.doi.org/10.1136/bjsports-2011-090461
http://dx.doi.org/10.1097/JSM.0000000000000291
http://dx.doi.org/10.1016/j.jshs.2016.08.003
http://dx.doi.org/10.1111/sms.13323
http://dx.doi.org/10.1136/bmjsem-2015-000075
http://dx.doi.org/10.1111/sms.13012
http://dx.doi.org/10.1136/bjsm.2009.070672
http://dx.doi.org/10.1016/j.jsams.2021.04.017
http://dx.doi.org/10.1136/injuryprev-2017-042639
http://bmjopensem.bmj.com/

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Gabriel EH, McCann RS, Hoch MC. Use of social or behavioral
theories in exercise-related injury prevention program research: a
systematic review. Sports Med 2019;49:1515-28.

Raya-Gonzalez J, Clemente FM, Beato M, et al. Injury profile of male
and female senior and youth handball players: a systematic review.
Int J Environ Res Public Health 2020;17:3925.

Aman M, Forssblad M, Larsén K. Incidence and body location

of reported acute sport injuries in seven sports using a national
insurance database. Scand J Med Sci Sports 2018;28:1147-58.
Achenbach L, Krutsch V, Weber J, et al. Neuromuscular exercises
prevent severe knee injury in adolescent team handball players.
Knee Surg Sports Traumatol Arthrosc 2018;26:1901-8.

Olsen O-E, Myklebust G, Engebretsen L, et al. Exercises to prevent
lower limb injuries in youth sports: cluster randomised controlled
trial. BMJ 2005;330:449.

Fredriksen H, Cools A, Bahr R, et al. Does an effective shoulder
injury prevention program affect risk factors in handball?

A randomized controlled study. Scand J Med Sci Sports
2020;30:1423-33.

Johnson U, Ivarsson A. Psychosocial factors and sport injuries:
prediction, prevention and future research directions. Curr Opin
Psychol 2017;16:89-92.

Gledhill A, Forsdyke D, Murray E. Psychological interventions

used to reduce sports injuries: a systematic review of real-world
effectiveness. Br J Sports Med 2018;52:967-71.

Ageberg E, Bunke S, Nilsen P, et al. Planning injury prevention
training for youth handball players: application of the generalisable
six-step intervention development process. Inj Prev 2020;26:164-9.
Friedman VJ, Rothman JBradbury H, ed. Action evaluation: an action
research practice for the participative definition, monitoring, and
assessment of success in social innovation and conflict engagement.
London: The sage handbook of action research: SAGE, 2015: 90-9.
Hendricks S. Rethinking innovation and the role of stakeholder
engagement in sport and exercise medicine. BMJ Open Sport &
Exercise Medicine 2021;7:e001009.

Delbecq AL, Van de Ven AH. A group process model for

problem identification and program planning. J Appl Behav Sci
1971;7:466-92.

Jones J, Hunter D. Consensus methods for medical and health
services research. BMJ 1995;311:376-80.

Potter M, Gordon S, Hamer P. The nominal group technique: a useful
consensus methodology in physiotherapy research. New Zealand
Journal of Physiotherapy 2004;32:126-30.

Proctor E, Silmere H, Raghavan R, et al. Outcomes for
implementation research: conceptual distinctions, measurement
challenges, and research agenda. Adm Policy Ment Health
2011;38:65-76.

Feierabend T, Eilks I. Innovating science teaching by participatory
action research - reflections from an interdisciplinary project of
curriculum innovation on teaching about climate change. Center for
Educational Policy Studies Journal 2011;1:93-112.

Waldén M, Atroshi |, Magnusson H, et al. Prevention of acute knee
injuries in adolescent female football players: cluster randomised
controlled trial. BMJ 2012;344:e3042.

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Akerlund I, Waldén M, Sonesson S, et al. Forty-five per cent lower
acute injury incidence but no effect on overuse injury prevalence

in youth floorball players (aged 12-17 years) who used an injury
prevention exercise programme: two-armed parallel-group cluster
randomised controlled trial. Br J Sports Med 2020;54:1028-35.
Soligard T, Myklebust G, Steffen K, et al. Comprehensive warm-up
programme to prevent injuries in young female footballers: cluster
randomised controlled trial. BMJ 2008;337:a2469.

Myklebust G, Engebretsen L, Braekken IH, et al. Prevention of
anterior cruciate ligament injuries in female team handball players: a
prospective intervention study over three seasons. Clin J Sport Med
2003;13:71-8.

Finch CF, Donaldson A. A sports setting matrix for understanding
the implementation context for community sport. Br J Sports Med
2010;44:973-8.

Bruder AM, Crossley KM, Mosler AB, et al. Co-creation of a sport-
specific anterior cruciate ligament injury risk reduction program

for women: a concept mapping approach. J Sci Med Sport
2020;23:353-60.

Ryan RM, Deci EL. Self-determination theory: basic psychological
needs in motivation, development, and wellness. Guilford Press,
2017.

Moesch K, Bunke S, Linnéll J, et al. “Yeah, i mean, you’re going
to handball, so you want to use balls as much as possible at
training”: End-users’ perspectives of injury prevention training

for youth handball players. Int J Environ Res Public Health
2022;19:3402.

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.

Emery CA, Roy T-O, Whittaker JL, et al. Neuromuscular training
injury prevention strategies in youth sport: a systematic review and
meta-analysis. Br J Sports Med 2015;49:865-70.

Asker M, Brooke HL, Waldén M, et al. Risk factors for, and
prevention of, shoulder injuries in overhead sports: a systematic
review with best-evidence synthesis. Br J Sports Med 2018;52:1312-
1319.

Asker M, Waldén M, Kallberg H, et al. Preseason clinical

shoulder test results and shoulder injury rate in adolescent elite
handball players: a prospective study. J Orthop Sports Phys Ther
2020;50:67-74.

Andersson SH, Bahr R, Clarsen B, et al. Preventing overuse shoulder
injuries among throwing athletes: a cluster-randomised controlled
trial in 660 elite handball players. Br J Sports Med 2017;51:1073-80.
Bergeron MF, Mountjoy M, Armstrong N, et al. International Olympic
Committee consensus statement on youth athletic development. Br
J Sports Med 2015;49:843-51.

Suchomel TJ, Nimphius S, Stone MH. The importance of muscular
strength in athletic performance. Sports Med 2016;46:1419-49.
Brunner R, Friesenbichler B, Casartelli NC, et al. Effectiveness of
multicomponent lower extremity injury prevention programmes

in team-sport athletes: an umbrella review. Br J Sports Med
2019;53:282-8.

Ageberg E, et al. BMJ Open Sp Ex Med 2022;8:e001263. doi:10.1136/bmjsem-2021-001263

—
—

1ybuAdoo
Aq pa1osioid 1senb Aq 20z ‘0T [udy uo /wod fwg wesuadolwgy/:dny wouy papeojumoq Zzoz Udy G Uo £9ZT00-TZ0Z-Waslwa/9eTT 0T Se paysiignd 1s.1y :paiy 218x3 Mods uado NG


http://dx.doi.org/10.1007/s40279-019-01127-4
http://dx.doi.org/10.3390/ijerph17113925
http://dx.doi.org/10.1111/sms.12956
http://dx.doi.org/10.1007/s00167-017-4758-5
http://dx.doi.org/10.1136/bmj.38330.632801.8F
http://dx.doi.org/10.1111/sms.13674
http://dx.doi.org/10.1016/j.copsyc.2017.04.023
http://dx.doi.org/10.1016/j.copsyc.2017.04.023
http://dx.doi.org/10.1136/bjsports-2017-097694
http://dx.doi.org/10.1136/injuryprev-2019-043468
http://dx.doi.org/10.1136/bmjsem-2020-001009
http://dx.doi.org/10.1136/bmjsem-2020-001009
http://dx.doi.org/10.1177/002188637100700404
http://dx.doi.org/10.1136/bmj.311.7001.376
http://dx.doi.org/10.1007/s10488-010-0319-7
http://dx.doi.org/10.26529/cepsj.442
http://dx.doi.org/10.26529/cepsj.442
http://dx.doi.org/10.1136/bmj.e3042
http://dx.doi.org/10.1136/bjsports-2019-101295
http://dx.doi.org/10.1136/bmj.a2469
http://dx.doi.org/10.1097/00042752-200303000-00002
http://dx.doi.org/10.1136/bjsm.2008.056069
http://dx.doi.org/10.1016/j.jsams.2019.10.019
http://dx.doi.org/10.3390/ijerph19063402
http://dx.doi.org/10.1177/0363546512458227
http://dx.doi.org/10.1136/bjsports-2015-094639
http://dx.doi.org/10.1136/bjsports-2017-098254
http://dx.doi.org/10.2519/jospt.2020.9044
http://dx.doi.org/10.1136/bjsports-2016-096226
http://dx.doi.org/10.1136/bjsports-2015-094962
http://dx.doi.org/10.1136/bjsports-2015-094962
http://dx.doi.org/10.1007/s40279-016-0486-0
http://dx.doi.org/10.1136/bjsports-2017-098944
http://bmjopensem.bmj.com/

	Cocreating injury prevention training for youth team handball: bridging theory and practice
	Abstract
	Introduction﻿﻿
	Material and methods
	Action research as theory and practice
	Guiding process
	Research team preparation phase
	Handball expert-based development phase
	End-user development and evaluation phase
	Reflexivity

	Results
	Research team preparation phase
	Handball expert-based development phase
	Discipline-specific workshops
	Interdisciplinary workshop
	Continued work in the research team

	End-user development and evaluation phase
	Workshops with coaches and players
	Continued work in the research team


	Discussion
	Conclusion
	References


