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Abstract

Injuries are common in youth sports, and floorball is no exception, with high
injury rates among youth players. However, underlying risk factors are often
studied in isolation despite the complex nature of injury risk. Injuries may also
negatively affect athletes’ psychological well-being, but longitudinal evidence on
the association between injuries and changes in mental health remains scarce
across athlete populations, including youth athletes. Furthermore, although
many injury prevention interventions have proven effective, adherence remains
a challenge, highlighting the importance of behavioral and context-specific
approaches. The overall aim of this thesis was to advance the understanding of
sport injuries in youth athletes by examining combinations of risk factors,
psychological responses in relation to injury over time, and injury prevention
practices within Swedish elite floorball high schools.

Three studies were conducted. The first two used quantitative designs to follow
youth floorball players over the course of a school year, whereas the third
explored injury prevention in the school context through qualitative interviews
with teachers. Findings from Study 1 suggest that youth floorball players differ
in profiles combining physical and psychological factors, and that players with
higher physical capacity and moderate mental health reported higher injury
occurrence during the season. In Study 2, occasions of higher-than-usual injury
severity (defined as impact on participation, performance, and pain) were
associated with small increases in anxiety and small decreases in depression
symptoms, with notable variation between individuals. Study 3 showed that
teachers identified both facilitators and barriers to injury prevention in the
school context, particularly related to structural conditions, coordination of
training load, and communication between schools and club teams. Teachers
described using need-supportive strategies and dialogue to promote
engagement in preventive work.

Taken together, the findings highlight that injury risk in youth sports is
multifactorial, dynamic, and varies between individuals. Effective
understanding, management, and prevention of injuries require coordinated
efforts between key stakeholders, including athletes, teachers, coaches, parents,
and sport organizations. The school context appears to provide a valuable
setting for introducing and practicing preventive behaviors. However, sustained
impact depends on supporting students’ autonomy and responsibility, as well as
strengthening communication within and across contexts.
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Sammanfattning pa svenska

Bakgrund och syfte

Skador inom ungdomsidrott ar ett utbrett problem och svensk innebandy utgor
inget undantag. Forskning fran det senaste decenniet visar att ungefar hilften
av ungdomsspelarna drabbas av minst en skada varje ar. Vanligast ar skador i
nedre delen av kroppen, sdsom fotleder, knén, hofter och backen, men dven
landryggsskador forekommer. Skadorna ar bade av akut och
overbelastningskaraktar.

Att studera idrottsskador &r ingen ny foreteelse och olika typer av ramverk,
teorier och modeller har utvecklats for att forsta prediktion, riskfaktorer,
konsekvenser, prevention och rehabilitering. Forskning har visat att savil
fysiska, biologiska och demografiska som psykologiska och sociala faktorer kan
paverka risken for skada. Dessa faktorer har dock oftast studerats var for sig
eller utifrén ett givet omréde (till exempel fysiska riskfaktorer), vilket ar
problematiskt eftersom det riskerar att forbise att flera risk- och skyddsfaktorer
kan samverka inom individen. Nar det giller konsekvenser av skador lyfts ofta,
saval i praktiken som inom forskningen, prestationseffekter, sociala
konsekvenser av att inte kunna vara en del av laget samt forsamrat vdalmaende.
Dessa aspekter har ofta studerats genom jamforelser mellan skadade och icke-
skadade idrottare. Forskning visar att skador kan paverka mental hilsa negativt,
men det finns begrinsad kunskap om hur detta varierar mellan individer och
hur skada och mental hilsa samvarierar 6ver tid. Vidare har skadeprevention
lange varit ett centralt fokus inom forskning och praktik. Inom innebandy har
saval neuromuskulédra som psykologiska preventiva insatser utvecklats och
utvarderats. Generellt sett visar forskning kring skadeprevention att sidana
insatser ofta har god effekt nar de genomfors regelbundet, i tillracklig
omfattning och med korrekt utférande. En dterkommande utmaning ar dock
langsiktigt vidmakthéallande, d4 tidsatging, prioriteringar, motivation och
kunskap kan utgora hinder. Nyare forskning har darfér i 6kad utstrackning lyft
fram vikten av beteendemaissiga och kontextspecifika komponenter i
utformning, genomforande, implementering och utviardering av
skadepreventiva insatser.

Den har avhandlingens 6vergripande syfte var att 6ka forstaelsen for
idrottsskador hos innebandyspelande gymnasieungdomar. Fokus ligger pa att
identifiera kombinationer av faktorer som kan relateras till skadeférekomst,
undersoka psykologiska reaktioner i samband med skada samt belysa
skadepreventiva strategier inom skolverksamheten. Avhandlingen belyser dessa
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fragor genom att kombinera flera metodansatser, vilket mojliggor en mer
sammansatt forstaelse av skaderisk hos unga idrottare. Genom ett praktiknira
angreppssitt, i samarbete med relevanta verksamheter, avser avhandlingen
bidra med kunskap som ar direkt anvindbar for idrottare, ledare, larare,
fordldrar och idrottsorganisationer, med malet att framja ett héallbart
idrottande.

Hur genomfordes studierna?

For att besvara avhandlingens syften samlades data in frén elever pa nationellt
godkinda idrottsutbildningar (NIU) med innebandyinriktning samt fran
Riksinnebandygymnasiet (RIG) under perioden 2020—2023. Eleverna
besvarade omfattande enkiter och genomforde fysiska tester tva gdnger per ar.
Darutover rapporterade de varje vecka uppgifter om generell hilsa,
traningsrelaterade aspekter och skadeproblematik, samt varannan vecka
skattningar av sin mentala hilsa. I denna avhandling har data fran skolaren
2021/22 och 2022/23 inkluderats, d& data fran 2020/21 bedémdes vara alltfor
paverkad av restriktioner relaterade till covid-19-pandemin.

I studie 1 analyserades data med hjélp av latent profilanalys for att identifiera
olika profiler baserade pé fysiska och psykologiska variabler, samt undersoka
hur dessa relaterade till skadeférekomst. I studie 2 analyserades idrottarnas
skattningar av mental hilsa 6ver tid med hjalp av multinivimodeller, med
sarskilt fokus pé variation 6ver sdsongen och i relation till skador. Studie 3
behandlar larares erfarenheter av och arbete med skadeprevention inom
gymnasieverksamheten. Data samlades in genom intervjuer med larare fran
skolor spridda 6ver Sverige. Intervjuerna analyserades med kvalitativ
innehéllsanalys i syfte att identifiera teman och kategorier som beskrev lararnas
erfarenheter samt konkreta och mer implicita strategier i det
skadeforebyggande arbetet.

Resultat

Resultaten fran studie 1 visade att idrottarna kunde delas in i tre olika profiler
som skilde sig at i bade fysisk prestationsformaga och mental hilsa. Den storsta
gruppen uppvisade medelh6g mental hilsa och presterade bist pa de fysiska
testerna i jaimforelse med de andra profilerna. En mindre grupp rapporterade
lagre mental hilsa dn 6vriga och hade resultat pa fysiska tester pa medelniva,
medan den tredje gruppen kiannetecknades av hogst skattad mental hilsa men
lagst resultat pa fysiska tester. Ett ovintat resultat var att gruppen med bast
fysiska testresultat och medelh6g mental hilsa ocksé hade hogst
skadeforekomst under siasongen. En mgjlig forklaring ar att dessa idrottare har

ix



en fysisk kapacitet som gor att de kan utfora rorelser med storre kraft och hogre
hastighet, vilket ar forknippat med 6kad skaderisk. Samtidigt ar det troligt att
idrottare som generellt méar bra, savil fysiskt som mentalt, ocksd kan prestera
pa en hogre niva och darmed delta mer frekvent i traning och matchspel, vilket i
sin tur 6kar exponeringen for situationer dar skador kan uppsta.

I studie 2, dar symptom pé depression, dngest och stress foljdes over tid,
minskade dessa generellt under sdsongen. Tjejer rapporterade hogre
symptomnivéer an killar, i linje med vad som ses i ungdomsbefolkningen i stort.
P& gruppniva framkom inga férh6jda nivaer av psykiska symptom, men det
fanns variation bade inom och mellan individer 6ver tid. Vid tillfallen da
idrottarna var skadade, eller upplevde storre skadepéverkan an vanligt, sags
vissa forandringar i symptomnivaer. Symptom pé angest 6kade, medan
depressionssymptom, ndgot oviantat, minskade. Forandringarna var dock
relativt smé och varierade mellan individer, och inga tydliga konsskillnader
framkom i dessa monster.

Resultaten fran studie 3, som bygger pa intervjuer med larare, visade att det
skadeforebyggande arbetet genomfordes regelbundet inom skolornas
verksamhet och inkluderade béde praktiska och teoretiska inslag. I intervjuerna
lyftes flera forutsattningar fram som mojliggjorde arbetet, sdsom tillgang till
lokaler, avsatt tid och att det ingick i laroplanen. Larare beskrev att de upplevde
att eleverna kunde se virdet av skadeforebyggande insatser, &ven om dessa
ibland upplevdes som mindre motiverande dn ordinarie traning. For att 6ka
engagemanget arbetade lairarna med variation och tydliggérande av syfte, samt
genom att belysa prestationsrelaterade effekter av att halla sig skadefri. Vidare
bedrevs arbetet genom strategier som byggde pé dialog och en successiv
progression i ansvarsfordelning for traningens innehall och genomférande.
Kommunikation med klubblag kring belastning, skadekdnningar och elevernas
totala situation lyftes fram som en viktig men samtidigt svarhanterad del i det
skadepreventiva arbetet.

Slutsatser och praktiska implikationer

Skaderisk hos unga idrottare ar ett komplext och dynamiskt fenomen som
uppstar i samspelet mellan fysisk prestation, psykisk hilsa och idrottens
kravmiljo, vilket innebar att effektiva preventiva insatser behover anpassas till
saval individ som kontext. Den har avhandlingen visar att skaderisk inte enbart
kan forstas utifran enskilda faktorer, utan behover ses som ett samspel mellan
flera dimensioner. Resultaten visar dessutom att idrottare skiljer sig at i hur
dessa faktorer kombineras, vilket understryker vikten av att studera risk som ett
multifaktoriellt och individberoende fenomen snarare dn som isolerade



riskfaktorer. Samtidigt visar resultaten att hog fysisk prestationsforméga inte
nodvandigtvis innebar ett skydd mot skador. Tvartom kan idrottare som
presterar pa hog niva vara sarskilt exponerade for skaderisk, exempelvis genom
hogre belastning och stérre deltagande i trianing och matchspel. Detta utmanar
forestallningen om att skadeprevention framst bor riktas mot individer med
uppenbara begransningar och pekar i stillet pd behovet av ett bredare och mer
nyanserat arbetssatt. Vidare framkommer att mental hilsa varierar 6ver tid och
i viss man paverkas av skador, med variation mellan individer. Aven om de
forandringar som fingats i avhandlingen ar relativt sm4, belyser det betydelsen
av ett dynamiskt perspektiv, diar bAde maende och risk forstis som nagot som
forandras 6ver tid och i relation till kontext. Dartill visar avhandlingen hur
skadeforebyggande arbete genomfors i praktiken och att det utifrén lararnas
erfarenheter ar viktigt att sidana insatser behover vara meningsfulla, varierade
och integrerade i den ordinarie verksamheten. En dterkommande utmaning ar
att stodja idrottare i att balansera belastning och aterhdmtning i en miljé dar
krav fran bade skola och foreningsidrott samverkar. Detta pekar pé ett
potentiellt behov av tydligare riktlinjer p& organisationsniva, exempelvis fran
relevant idrottsforbund, kring hur belastning kan foljas och hanteras samt hur
kommunikationen mellan skola och féreningsverksamhet kan struktureras for
att minska motstridiga krav pa individen. Sammantaget pekar resultaten pé att
skadeprevention och insatser for att hantera uppkomna skador behover
utformas och anpassas till individ och kontext, och att skadeforebyggande
insatser bor omfatta samtliga idrottare. Samtidigt kan det finnas skil att rikta
extra uppmairksamhet mot vissa situationer eller faser, exempelvis vid hog
belastning eller i samband med en forsta skada. Detta har potential att bidra till
en mer héallbar idrottsutveckling for unga elitidrottande elever.
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Introduction

Every year, tens of thousands of Swedish youths lace up their shoes and step
onto the floorball court, seeking not only athletic achievement but also
community, joy, social interactions, and lifelong health. Youth sport
engagement, such as floorball participation, is widely recognized for its positive
impact on both immediate and lifelong physical and mental well-being
(Bengtsson et al., 2025). In Sweden, floorball is the largest youth indoor team
sport in terms of participation (Riksidrottsférbundet, 2024; Svenska
Innebandyforbundet, 2026), and many adolescent players choose to pursue
their academic and athletic development by enrolling in floorball high schools
the year they turn 16. Yet, beneath the benefits of youth sports lie a pressing
concern: high injury rates threaten the well-being and future of young athletes.
Results from a recent randomized controlled trial indicate that about half of
young floorball players experience at least one injury each season (Akerlund et
al., 2020). Acute injuries, such as ankle and knee trauma, and overuse injuries
affecting the lower back, pelvis, and knees are particularly common (Leppédnen
et al., 2015; Tervo et al., 2019). These injuries not only affect individual health
and team performance (Hagglund et al., 2013; Ivarsson et al., 2017; Putukian,
2016), but also carry societal costs (Turnbull et al., 2024) and, in some cases,
lead to early career termination (Crane & Temple, 2015). These observations
lead to a central, and perhaps uncomfortable, question: Are we doing enough to
prevent harm in youth sport?

Sport injuries have increasingly been conceptualized as a systemic and ongoing
process rather than an isolated event, involving several interconnected phases,
including pre-injury processes, injury occurrence and immediate responses,
treatment and rehabilitation, and finally return-to-sport or retirement
transitions (e.g., Ivarsson et al., 2018; Johnson & Podlog, 2014; Wiese-Bjornstal
et al., 2020). Additionally, researchers have argued that understanding and
preventing sport injuries requires integrating the identification of risk factors,
longitudinal monitoring of athlete health, and the implementation of
appropriate prevention strategies (Bahr, 2016). However, despite increasing
recognition of sport injury as a complex and dynamic process, studies of injury
risk factors have predominantly focused on individual physical, psychological,
or demographic characteristics (Bittencourt et al., 2016). Furthermore,
psychological factors, particularly stress and stress responses, have shown
associations with injury risk, yet less is known about how mental health
fluctuates over time in athletes and how injury experiences may relate to such
changes (Clement et al., 2021; Tranaeus et al., 2024). Similarly, although
prevention programs like neuromuscular training and stress-reduction



interventions can substantially reduce injury rates, low adherence remains a
critical concern (Bahr et al., 2015; Chan et al., 2011). Accordingly, greater
attention to behavioral and contextual factors has been called for to better
understand and improve adherence (Donaldson et al., 2017; Gabriel et al.,
2019).

Definition of sport injury used in this thesis

Injury definitions and operationalizations vary across research contexts and
study purposes. Sport injury research has traditionally relied on time-loss or
dichotomous injury definitions, often capturing acute injuries resulting in
absence from training or competition (Fuller et al., 2006). While such
definitions remain important and were applied in parts of the present thesis,
they may capture only certain aspects of athletes’ injury experiences,
particularly in relation to overuse injuries developing gradually over time
(Clarsen et al., 2013). Accordingly, this thesis draws on multiple
conceptualizations of sport injury to capture complementary aspects of injury
occurrence, athlete health, and sports participation, as recommended by
Clarsen & Bahr (2014).

Injury Any physical complaint sustained by a player that
results from sport training or competition, irrespective
of the need for medical attention or time loss from
sport activities (Fuller et al., 2006).

Acute injury Refers to an injury occurring suddenly and resulting
from a specific, identifiable event (Fuller et al., 2006).

Overuse injury An injury caused by repeated microtrauma without a
single, identifiable event responsible for the injury
(Fuller et al., 2006).

Time-loss injury An injury that results in a player being unable to take
full part in future sport training or games (Fuller et al.,
20006).

Injury severity To what extent an injury impacts participation in

regular training or competition, modification of
training or game volume, performance in sport, or pain
(Clarsen et al., 2020).



Study context - Why floorball?

This thesis focuses on floorball as the empirical context, a choice motivated by
both scientific relevance and practical considerations. The project was
conducted in close collaboration with the Swedish Floorball Federation and was
co-funded by the federation, the Floorball Research and Development Centre at
Umed School of Sport Sciences at Umea University, together with the Industrial
Doctoral School at Umea University, reflecting a shared interest in
understanding and addressing injury-related challenges within youth sport.
While the overall research design and specific research questions were
developed within an academic framework, representatives from the federation
contributed to identifying priority areas of interest, ensuring that the project
addresses issues of direct relevance to current practice.

Floorball constitutes a suitable context for studying injury risk and prevention
in youth sport. The sport is widely represented across Sweden, including over
30 elite sport high schools with a floorball profile, providing access to a
geographically diverse and high-level youth population. This group is of specific
interest given known elevated injury rates and the developmental demands
associated with dual-career aspirations, combining sport and education. The
established collaboration with the federation further enabled large-scale data
collection across multiple sites, which would have been difficult to achieve
otherwise.

To provide context for the studies included in this thesis, it is essential to
describe both the game of floorball, common injuries in floorball, and the
Swedish system for elite sports education at the high school (upper secondary
school) level.

The sport of floorball

Floorball is an indoor team sport played on a 40 x 20 m pitch surrounded by a
0.5 m high board. Players use lightweight plastic sticks and a hollow plastic ball
with holes, and the playing surface is typically synthetic or wooden. Each team
consists of five field players and one goalkeeper, who does not use a stick.
Games are divided into three periods of 15—20 minutes, depending on age group
and competition regulations, and substitutions occur on the fly. In Sweden, the
competitive season generally runs from September to April. The sport
originated in Sweden in the 1970s, influenced by earlier forms of floor hockey
(i.e., Cosom floor hockey), and the first official Swedish Floorball Federation
was established in 1981. The International Floorball Federation (IFF) was
founded in 1986 by Sweden, Finland, and Switzerland to govern the sport
globally (International Floorball Federation, n.d.). Today, floorball is played in
more than 80 countries across all continents, with the highest participation



rates in Northern Europe, Switzerland, and the Czech Republic (International
Floorball Federation, 2021). Over the past decades, floorball has evolved from a
recreational activity into a competitive sport characterized by substantial
physical and motor demands. Field players perform repeated high-intensity
actions, including rapid accelerations and decelerations, sudden stops, and
sharp changes of direction, while simultaneously controlling the stick and ball
(Tervo & Nordstrom, 2014). Goalkeepers primarily play from a kneeling
position and require considerable core strength and endurance (Tengman et al.,
2025).

Injuries in floorball

Floorball is associated with high rates of both traumatic injuries, most
commonly to the ankle and knee, and overuse injuries affecting the lumbar
region, pelvis, and knees (Pasanen et al., 2018; Tervo et al., 2019; Tranaeus et
al., 2016). Anterior cruciate ligament (ACL) injuries are particularly prevalent,
especially among female athletes (Pasanen et al., 2018; Aman et al., 2018), and
a population-based study in Sweden showed that youth female floorball players
had a sevenfold increased risk of ACL injury compared to sex, age, and
municipality-matched controls drawn from the Swedish Total Population
Register (Tervo et al., 2019). Severe knee injuries, such as ACL injuries, are
considered among the most burdensome in terms of time loss from sport
participation, rehabilitation time, and health care costs (Lyon-Monk et al.,
2025; Tranaeus et al., 2017). Moreover, research on youth players in Sweden
aged 12—17 years, has shown that approximately 50% sustain at least one injury
per season, with overuse injuries being more common than acute traumatic
injuries in this age group (Akerlund et al., 2020). Pasanen and colleagues (2018)
further demonstrated substantial differences between training and competition
exposures: Finnish female youth floorball players experienced 1.5 injuries per
1000 practice hours but 36.5 injuries per 1000 game hours. Corresponding rates
for male players were 1.0 per 1000 practice hours and 19.4 per 1000 game
hours. These patterns indicate that the risk of injury is substantially higher
during competition than during regular training, a trend also reported in other
indoor pivoting sports such as handball (Olsen et al., 2006).

Organizational and educational context

In Sweden, two main educational pathways enable students to combine upper
secondary studies with elite-level sports: national elite sport high schools (RIG)
and certified regional elite sport high schools (NIU). RIGs recruit students
nationally, whereas NIUs admit students regionally or locally. Both programs
are designed to allow young athletes to pursue their academic education
alongside intensive training and competition and has been a part of the school
system in Sweden since the 1970s (Ferry et al., 2013). These programs are



regulated by the Swedish upper secondary school ordinance (SFS 2010:2039),
particularly Chapter 5, which specifies the requirements for each program type.
Approval as a RIG requires evidence of national interest and specific provisions
for joint training, while NIUs must demonstrate a clear elite sports profile and
collaborate with the relevant sports federation (SFS 2023:654;
Riksidrottsforbundet, 2025). The implementation and oversight of these
programs involve four principal stakeholders, each with distinct responsibilities:
the Swedish Sports Confederation (RF), the Swedish National Agency for
Education (Skolverket), the municipality or main organizer, and the relevant
sports federation (SF). The National Agency of Education determines the
locations and capacity of these programs, based on proposals from RF for RIG
and with the endorsement of the specific sports federation for NIU (SFS
2023:654; Skolverket, n.d.). RF holds formal responsibility for RIG and
provides support for NIU. The municipality or main organizer is responsible for
program implementation, while the sports federation contributes to program
development, evaluation, and the admissions process.

A defining feature of both RIG and NIU is the inclusion of the subjects
“Specialized Sports” and “Training and Competition Theory” (Lund, 2014; SFS
2023:654). These subjects consist of specific sports training, as well as more
general sports and health knowledge (e.g., nutrition, sport psychology, injury
prevention, sleep) and are exclusive to RIG and NIU programs, comprising
approximately 10-15 % of the students’ total amount of credits (SFS 2023:654;
Skolverket, n.d.). The integration of these subjects is essential for enabling the
dual pursuit of elite sports and academic studies, and their presence is a
prerequisite for program classification as RIG or NIU. Within the Swedish
sports development context, NIU can be understood as a locally embedded
pathway that allows high school-aged athletes to pursue structured sport
development while remaining in their home environments. It functions as a
complement to the club-based sport system, maintaining close collaboration
with local sports clubs rather than replacing them. Within the broader Swedish
model, NIU reflects a long-term approach to athlete development, emphasizing
sustainable progression over time and enabling a wider group of athletes to
combine education with sport. In contrast, RIG represents a more selective and
centralized pathway, with national recruitment and a clearer focus on early elite
performance. Admission to both RIG and NIU is based on an assessment of the
applicant’s capacity to benefit from the education, with consideration given to
both athletic and academic qualifications. The selection process evaluates sport-
specific skills, psychological and social abilities, organizational prerequisites,
and academic ambition. Notably, the assessment of future development
potential is prioritized over previous achievements (Riksidrottsférbundet, 2025;
Svenska Innebandyférbundet, n.d.).



In the context of floorball, Sweden has one national elite sport high school (RIG)
and more than 30 certified regional elite floorball high schools (NIU), with a
combined annual intake of approximately 400 students. These schools are
geographically distributed throughout the country, and the allocation of places
is designed to promote gender equality (Svenska Innebandyforbundet, n.d.).
Staff at these schools typically consist of a diverse group of professionals,
including physical education teachers, subject-specialist sports teachers, sport-
specific instructors, and physical trainers and are commonly referred to as
“teachers in school sports” (Ferry, 2016). The Swedish Education Act,
regulating the Swedish school system concludes that to be able to grade
students, staff members must have a teacher’s degree (SFS 2010:800). These
educators are responsible for both the academic and athletic development of the
students, often blending teaching and coaching roles.

To summarize, the present thesis was conducted in collaboration with the
Swedish Floorball Federation and addresses research questions of both
scientific and practical relevance. The focus on floorball reflects this
collaboration, where injury-related challenges identified in practice define the
research context. The project examines pre- and post-injury aspects of sports
injuries among athletes at Swedish elite floorball high schools, using both
quantitative and qualitative approaches. The findings from this thesis are
expected to contribute contextual knowledge to advance the understanding of
sport injuries in floorball, and to help inform injury prevention strategies and
support mental well-being among youth athletes in the school setting. Although
the thesis is grounded in the context of floorball, several of the structural
conditions, such as organized youth sport within school settings, performance-
oriented environments, and the coexistence of athletic and developmental
demands, are shared with other sports and contexts. As such, the findings are
likely to have relevance beyond floorball, particularly in relation to injury risk
processes and preventive efforts in similar youth sport environments.



Background

In this thesis, sport injury is conceptualized as a process involving pre-injury
and post-injury phases. Figure 1 presents a conceptual map illustrating how the
main themes addressed in the background, including identification of risk
factors, psychological responses to injury, and prevention, relate to the
understanding and investigation of sport injuries throughout this thesis.
Although the injury process also includes subsequent phases such as
rehabilitation, return to sport, and career transition, the present thesis focuses
on the earlier stages of this process.

Figure 1
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Identification of risk factors

Efforts to understand why sport injuries happen start with identifying the
factors that shape athletes’ vulnerability to injury (Bahr, 2016). In sport injury
research, it is common to use a taxonomy that distinguishes intrinsic
(athlete-related) and extrinsic (environmental or exposure-related) risk factors
and further separates modifiable from non-modifiable factors (Emery, 2003;
Mandorino et al., 2023). Historically, research has placed primary emphasis on
physical and demographic characteristics, with growing attention over time to
psychological and social determinants, as well as more sport-specific factors.

What do we know about risk factors for sport
Injury?

Modifiable risk factors are important to detect, as they offer opportunities for
intervention in prevention practices. Previous research has found that
neuromuscular control deficits (e.g., knee-abduction movement patterns),
strength imbalances (e.g., hamstrings—quadriceps ratios), and biomechanical
characteristics such as stiff landings (reduced hip/knee flexion), have been
associated with increased injury risk (Edison et al., 2022; Emery, 2003; Dai et
al., 2012; Jauhiainen et al., 2021). Training load is another known modifiable
risk factor (Eckard et al., 2018; Gabett, 2016). Further, psychological factors,
primarily stress and stress responses, have been associated with an increased
risk of injury (Ivarsson et al., 2017; Tranaeus et al., 2014). In addition,
neglecting the need for recovery (Richardson & Andersen, 2008),
psychophysiological fatigue (Liederbach & Campagno, 2001), and disturbances
in sleep quantity and quality (Johnston et al., 2020; von Rosen et al., 2017) have
also been associated with injury. Similarly, emotional states have received
attention. For instance, negative mood states such as depression have been
proposed as potential contributors to injury risk (Appaneal & Perna, 2014),
although empirical findings are mixed. Depressive symptoms have been linked
to injury risk in some studies (Yang et al., 2014), whereas other studies report
significant associations only when depressive symptoms co-occur with anxiety
(Li et al., 2017). Furthermore, preseason anxiety has been associated with
increased injury incidence (Li et al., 2017), whereas other studies suggest that
anxiety may under certain conditions act as a protective factor (Yang et al.,
2014).

Factors commonly referred to as non-modifiable should not be understood as
unimportant. A history of previous injury consistently emerges as one of the



strongest non-modifiable predictors of subsequent acute or overuse injuries
(Hagglund et al., 2006; Hietamo et al., 2023; Leppénen et al., 2017),
underscoring the importance of introducing preventive measures early in an
athlete’s development (i.e., before the injury happens). Previous research also
suggests that biological sex is associated with injury risk, although these
associations appear to be injury- and sport-specific (Emery, 2003; Mandorino et
al., 2023). Systematic reviews have reported higher risk among females for
ankle sprain injuries (Doherty et al., 2014), and non-contact ACL injuries in
team sports (Chia et al., 2022), whereas higher risk for groin injuries have been
observed among males (Orchard, 2015). Injury risk also tends to increase with
age, with a pronounced rise during adolescence (Tervo et al., 2019), when rapid
growth and biological maturation, particularly the adolescent growth spurt, may
increase vulnerability (Butler et al., 2022; Johnson et al., 2022).

As youth athletes are the focus of this thesis, it is important to highlight that
they are exposed to several developmentally unique mechanisms that shape
injury risk. Rapid growth and maturation can temporarily alter coordination,
strength, and neuromuscular control, increasing susceptibility to both acute and
overuse injuries (Johnson et al., 2022; Monasterio et al., 2023; Rommers et al.,
2020). In addition, research suggests that adolescent females may experience a
neuromuscular lag, in which coordination, strength, and power do not develop
at the same pace, potentially increasing vulnerability to certain injury types,
including overuse injuries (Butler et al., 2022). Moreover, early sport
specialization has also been identified as a risk factor (Myer et al., 2015),
particularly when combined with training volumes that exceed
recommendations for adolescents (Post et al., 2017). Psychological factors are
also important during adolescence. Perceived stress symptoms, daily hassles,
and the quality of coach—athlete communication have been shown to influence
injury risk (Ivarsson et al., 2014; Steffen et al., 2009). In addition, sleep quality
and duration show an association with injury in youth athletes (Abrahamsson et
al., 2025; von Rosen et al., 2017).

Risk factors in floorball

As a high-speed, pivoting indoor team sport, floorball places substantial
demands on rapid accelerations, decelerations, sudden stops, and sharp changes
of direction, all while players manage stick—ball coordination. These movements
may contribute to non-contact lower extremity injuries, particularly in the knee
and ankle (Pasanen et al., 2018; Tervo et al., 2019). Player position has also
gained interest and goalkeepers’ unique movements, such as prolonged
kneeling, repeated lateral shifts, and frequent floor transitions, may heighten
their risk of overuse injuries (Tengman et al., 2025). Previous research on
floorball injury risk has focused on physical risk factors related to lower back



pain (Rossi et al., 2018) and knee and ankle injuries (Jauhiainen et al., 2021).
Moreover, psychological determinants of overuse injury in elite floorball players
have been studied, highlighting communication and cumulative load as
important factors (Tranaeus et al., 2014). Regarding extrinsic risk factors,
artificial sport flooring, such as rubber or plastic covering, has been associated
with increased lower limb injury rates relative to traditional wooden floors,
likely due to higher shoe—surface friction (Pasanen et al., 2008). Although most
floorball injuries are noncontact, equipment-related impacts, such as being
struck by the ball or stick, can cause acute injuries, including severe eye injuries
(Tervo et al., 2019). Other extrinsic risk exposures include collisions with other
players, contact with goals or boards, and falls (Tervo et al., 2019). However,
research that integrates multiple categories of risk factors remains scarce. One
notable exception is a recent season-long study by Sonesson et al. (2023), which
included both physical and psychological assessments among players aged 12—
17 and found that high stress, poor sleep quality, and low well-being were
associated with increased injury risk, whereas physical load measures alone did
not predict a higher injury risk.

Theoretical perspectives on risk factors and injury
risk

Whether one approaches sport injury from a medical, sport psychology, or
practitioner perspective, there is broad agreement that injuries rarely occur
without underlying causes. Even if athletes, coaches, and spectators may
experience it as such in the moment and in the immediate aftermath, injuries
seldom “just happen.” In retrospect, there are often identifiable factors that can
be associated with the injury. However, by then it is too late. Focusing on
identifying risk factors in advance represents an attempt to prevent injuries
before they occur, even if it has been debated whether, for example, specific
tests will ever be able to accurately predict athletes at risk (Bahr, 2016). The
complexity of sport injury has led to the development of theoretical models
aimed at capturing the dynamic and multifactorial nature of injury risk. Several
models from different fields have been developed to describe the relationship
between risk factors and injury occurrence. Within sport medicine, a dynamic,
recursive model of etiology in sport injury was proposed by Meeuwisse and
colleagues (2007) to move beyond traditional linear approaches by introducing
cyclical processes. The model emphasizes that athletes may be predisposed by
various intrinsic risk factors and, when encountering extrinsic risk factors,
become more susceptible to injury. Importantly, this process is also cyclical, as
prior experiences of injury or non-injury in specific situations may influence
future risk through processes such as adaptation, maladaptation, and recovery
(Meeuwisse et al., 2007).
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In sport psychology research, the Model of Stress and Athletic Injury (Andersen
& Williams, 1988; Williams & Andersen, 1998), has been widely used to explain
the psychological mechanisms related to sustaining an injury. The model is
based on the underlying idea that an athlete’s stress response to potentially
stressful situations, like games or competitions, can influence their injury risk.
The model proposes that three categories of psychosocial factors—personality,
history of stressors, and coping resources—separately or in combination
influence athletes’ situation appraisal and the magnitude of stress responses,
thereby affecting injury risk (Williams & Andersen, 1998). The theoretical
assumptions of the model include that stress contributes to injury risk by
heightening muscle tension and impairing attentional processes (e.g., narrowing
peripheral vision). Consequently, athletes experiencing high stress,
stress-amplifying personality traits, and limited coping resources are thus more
likely to perceive situations as stressful and exhibit these risk-enhancing
physiological and cognitive responses (Andersen & Williams, 1988; Williams &
Andersen, 1998). A vast amount of research has followed using the model as
core framework, and a meta-analysis of studies applying the model indicates
that stress responses and history of stressors show the strongest associations
with injury risk (Ivarsson et al., 2017). One proposed explanation is that
heightened stress responses negatively affect athletes’ decision-making capacity,
increasing vulnerability to sport-related errors, collisions, and impaired motor
control, thereby elevating injury risk (Tranaeus et al., 2024). Furthermore, a
history of stressors has been suggested to affect stress response magnitude,
which may indirectly increase injury risk by intensifying these maladaptive
stress responses (Rogers & Landers, 2005). However, the model has also been
criticized for its strong cognitive emphasis and relatively limited coverage of
emotional, behavioral, and contextual mechanisms (e.g., Appaneal & Perna,
2014; Hackfort & Kleinert, 2007).

Expanded perspectives on injury understanding

To address limitations of stress-centric models, as well as approaches not
including risk factors from multiple disciplines, several authors have introduced
biopsychosocial perspectives into sport injury research. One influential
contribution is Wiese-Bjornstal’s biopsychosocial sport injury risk profile
(Wiese-Bjornstal, 2009, 2010), which conceptualizes injury risk as emerging
from interactions among biological, physical, psychological, and sociocultural
domains, utilized to understand athletes’ appraisal processes, emotional
reactions, and behavioral regulation. It highlights that psychological
mechanisms are shaped by physical demands, developmental histories, and
social environments (Wiese-Bjornstal, 2009). A related biopsychosocial
extension has been proposed by Appaneal and Perna (2014), who expanded the
Williams and Andersen model by emphasizing the multidimensional nature of
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the stress response. Appaneal and Perna (2014) argue that psychological models
should account not only for cognitive appraisals but also for behavioral
responses (e.g., impaired self-care, disrupted sleep), physiological
consequences, and attentional patterns, all components that may influence
injury vulnerability (Ivarsson et al., 2017).

Why patterns and combinations matter in injury
risk research

Traditional approaches to sport injury risk factors have generated valuable
insights, yet several methodological and conceptual limitations restrict what we
currently understand about how injuries actually develop. Although
biopsychosocial theories and dynamic models exist and emphasize the
combined effects of different risk factors, there is still a tendency within sport
injury research to assess single risk factors, or domains of risk factors (e.g.,
physical, psychological, or demographic), one at a time, using a variable-
by-variable approach that often seeks to identify the most prominent predictor
of a particular injury. By isolating variables in this way, such approaches risk
overlooking that some factors may be harmful only when combined with others,
and that certain variables may function as buffers or protective factors rather
than contributors to risk. Instead, a growing body of research suggests that
injuries emerge from patterns of interacting physical, psychological, contextual,
and developmental factors, consistent with biopsychosocial and complex
systems models (Bittencourt et al., 2016; Hausken-Sutter et al., 2021; Wiese-
Bjornstal, 2009, 2010). These frameworks highlight that the influence of any
individual factor, such as stress, training load, neuromuscular control, or sleep,
depends on how it combines with the broader constellation of the athlete’s
characteristics and environment. From this perspective, examining isolated
predictors greatly oversimplifies injury epidemiology.

Additionally, the use of variable-centered analyses further reinforces this
oversimplification because such approaches estimate associations averaged
across all athletes, implicitly assuming that the same risk processes apply to
everyone. However, in real-life situations, not all athletes sustain injuries even
when exposed to the same conditions, likely because athletes always carry
multiple interacting risk and protective factors that shape their individual
vulnerability. Recent research within youth sports emphasizes the need for
interdisciplinary, complex, and person-centered approaches that integrate
physical, psychological, and contextual risk determinants (Hausken-Sutter et
al., 2021). Methodological developments and increased access to advanced
statistical modeling in many software programs now support this shift, which
provides new opportunities to study sport injuries. For example, person-
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centered approaches such as latent profile analysis and cluster-based methods
enable researchers to identify naturally occurring subgroups who share similar
combinations of risk factors (Ivarsson & Stenling, 2019). Instead of testing
whether one factor predicts injury, these techniques identify patterns of co-
occurring factors that may represent distinct high-risk or low-risk profiles,
which are clinically relevant and may be directly applicable in injury prevention
work in many youth sport contexts.

In light of the limitations of traditional approaches and the need to better
understand co-occurring combinations of risk factors, the first specific aim of
this thesis was to identify how combinations of psychological, demographic, and
physical capacity factors relate to sport injury occurrence in youth athletes.
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Psychological responses

Building on the introduction of biopsychosocial perspectives in explanations of
sport injury and injury risk, these perspectives are also central to understanding
the psychological responses and consequences of sustaining an injury. Within
this framework, sport injury can be understood as a dynamic and systemic
phenomenon that unfolds across different phases, where the occurrence of
injury may trigger distinct psychological responses (Wiese-Bjornstal et al.,
2020). These responses may be negative, including anxiety, depression
symptoms, and loss of confidence, but have also been described as positive, such
as stress-related growth, renewed motivation, and an increased appreciation of
health (Hammer et al., 2021; Wiese Bjornstal et al., 2020).

A central theoretical framework for understanding these processes is the
Integrated model of psychological response to the sport injury and
rehabilitation process (Wiese-Bjornstal et al., 1998). In this model,
psychological responses are shaped through interactions between cognitive,
affective, and behavioral processes, and are influenced by personal
characteristics, situational factors, and previously identified psychological risk
factors. These processes are reciprocal and unfold over time, such that athletes’
cognitive appraisals of the injury and its consequences influence emotional
responses (e.g., fear, frustration, or depression), which in turn shape behavioral
responses, including rehabilitation adherence, avoidance, or premature return
to sport. These behavioral responses subsequently feed back into new appraisal
cycles, contributing to an ongoing process of psychological adjustment
throughout the injury experience. Through these dynamic cycles, psychological
responses are not only consequences of injury, but also influence recovery,
return to sport, and subsequent participation (Wiese-Bjornstal et al., 1998).

Extensions of this work further emphasize that psychological responses vary
across different phases of the injury process (Wiese-Bjornstal et al., 2020).
From this perspective, injury can be understood as a process that includes the
phases of preventing, sustaining, treating, rehabilitating, recovering, returning,
and potentially retiring from sport, each associated with different psychological
demands (Wiese-Bjornstal et al., 2020). Importantly, theoretical perspectives
suggest that some responses emerge immediately following injury, whereas
others develop over longer periods of time (Johnson & Podlog, 2014; Wiese-
Bjornstal et al., 2020). Empirical research supports the existence of an initial
phase characterized by immediate reactions to injury (Ivarsson et al., 2018),
while also demonstrating that injuries are associated with broader and more
long-term mental health implications in both youth athletes and elite athletes

14



(Gwyther et al., 2024; Lyon-Monk et al., 2025; Putukian, 2016; Reardon et al.,
2019; Walton et al., 2021, 2024).

Mental health consequences of sport injury

Sustaining a sport injury can affect athletes in many different ways. In addition
to performance-related consequences, injuries can disrupt training and
competition, daily routines, and social relationships, and may challenge
athletes’ sense of athletic identity, all of which are important for understanding
athletes’ mental health (Putukian, 2016; Reardon et al., 2019; Rice et al., 2019;
Tranaeus et al., 2024; von Rosen, Kottorp, et al., 2018). Severe musculoskeletal
injuries have been associated with increased symptoms of common mental
disorders, such as anxiety and depression, highlighting injury as a key risk
factor for compromised mental health in athletes (Gouttebarge et al., 2016;
Putukian, 2016). Evidence further suggests that injury severity and time loss
play a central role, with more severe injuries associated with poorer physical
and emotional quality of life, as well as elevated depression symptoms (Filbay et
al., 2015, 2019; Putukian, 2016). At the same time, psychological states may
fluctuate across different phases of the injury and rehabilitation process,
reflecting ongoing patterns of reaction, adjustment, and return to sport
(Ivarsson et al., 2018; Wiese-Bjornstal et al., 2020). Importantly, many of the
factors previously identified as influencing injury risk may also shape how
athletes respond psychologically once an injury has occurred, reinforcing the
relevance of a biopsychosocial perspective that integrates both risk and
response processes (Wiese-Bjornstal et al., 1998, 2020).

Methodological challenges and research gaps

Despite a growing body of research linking sport injuries to mental health
outcomes, important questions remain regarding the timing of psychological
responses and how these responses vary within individuals over time. Much of
the existing literature relies on cross-sectional designs (Gouttebarge et al.,
2019), and although more recent longitudinal studies have begun to address this
limitation, they often operate on relatively broad timescales. For example, Lyon-
Monk et al. (2025) analyzed six years of athlete health data and demonstrated a
bidirectional relationship between injury and mental ill-health, showing that
each additional injury increased the risk of subsequent mental ill-health by
approximately 10%. While such findings provide important evidence that injury
exposure contributes to the development of mental health problems over time,
the reliance on long retrospective assessment windows (e.g., the previous 12
months) limits insight into more immediate and short-term psychological
responses following injury, as well as the dynamic processes through which
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these responses unfold. Furthermore, mental health status prior to injury is
often unknown, making it difficult to determine whether observed psychological
outcomes represent consequences of injury or reflect pre-existing
vulnerabilities. This limits our understanding of if, and in such cases why,
athletes respond differently to injury, despite theoretical models suggesting that
individual characteristics play a central role in shaping these responses.

Both mental health and injury are inherently time-varying phenomena,
meaning that they may change across contexts and over time. Capturing such
variability requires more intensive and temporally sensitive measurement
approaches. However, prior sport injury research suggests that increasing the
frequency of data collection alone is not sufficient; the statistical methods used
to analyze such data must also be appropriate (Windt et al., 2018). In particular,
group-level analyses may obscure substantial individual variation, and thus
limit their applicability for understanding how different athletes respond to
injury (Gaudreau et al., 2020). Instead, when repeated measures are nested
within individuals, it is necessary to distinguish between within-person changes
and between-person differences to accurately capture these processes (Curran &
Bauer, 2011; Hamaker, 2012, 2025).

Taken together, these challenges highlight the need for prospective, longitudinal
approaches that can capture both short-term and longer-term changes in
psychological responses, while accounting for individual variability. To address
some of these issues, the second specific aim of this thesis was to examine
mental health trajectories across a competitive floorball season and to
investigate within- and between-person associations between injury status and
mental health in youth athletes.
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Prevention

The central objective of studying sport injuries is to inform efforts to prevent
their occurrence. Prevention efforts therefore aim to reduce injury risk by
targeting identified risk factors through structured physical or psychological
interventions, as well as through safety regulations and policy measures.
Although our understanding of how combinations of risk factors interact and
relate to injuries remains limited, several prevention initiatives have
demonstrated meaningful injury-reducing effects under controlled conditions.
Physically oriented injury prevention typically targets neuromuscular control,
strength, landing mechanics, and movement quality. One of the most widely
used examples is the FIFA 11+, a structured warm-up program combining
strengthening, balance, and jumping/landing exercises (Soligard et al., 2008).
The program has demonstrated preventive effects across different sport
contexts and is widely used in large team sports like soccer (Bizzini & Dvorak,
2015; Thorborg et al., 2017). Psychological injury prevention interventions have
primarily focused on managing the magnitude of the stress response, in line
with the Model of stress and athletic injury (Williams & Andersen, 1998).
Although these programs employ a variety of techniques, including cognitive-
behavioral methods, mindfulness and acceptance-based strategies,
psychological skills training, and relaxation, they often target similar underlying
mechanisms such as stress responses, attentional disruption, and self-
regulation (Ivarsson, 2021). Two systematic reviews published in the last decade
indicate that athletes who participate in psychological prevention programs
sustain fewer injuries than control groups, with particularly strong effects for
athletes classified as at risk (Gledhill et al., 2018; Ivarsson et al., 2017). Based on
this accumulated evidence, a recent consensus statement argues that
psychological interventions should be considered a relevant component of sport
injury prevention (Tranaeus et al., 2024).

Prevention strategies in floorball

In Sweden, the neuromuscular warm-up program Knee Control (Kndkontroll®,
SISU Idrottsbocker, 2005) is broadly implemented across youth sports such as
soccer, handball, and floorball. Studies have shown substantial reductions in
injury risk, particularly in relation to ACL injuries, with reported decreases of
64% in youth female soccer (Waldén et al., 2012), and 45% reduction of overall
acute injury incidence among youth floorball players (Akerlund et al., 2020). At
the same time, Akerlund et al. (2020) also observed a higher prevalence of
overuse injuries among females in the intervention group and suggested that
certain exercises may provoke symptoms in athletes experiencing
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patellofemoral pain—a common overuse condition among adolescent female
athletes (Foss et al., 2014; Crossley et al., 2016). Recently, to address sport-
specific movement demands in floorball, researchers at Linkoping University, in
collaboration with the Swedish Floorball Federation and the Floorball Research
and Development Centre at Ume& University, has developed Knee Control+, an
expanded floorball-adapted version of the original program released in 2022.
The updated version includes exercises targeting key areas such as
neuromuscular control, strength, balance, and core strength, with several tasks
incorporating stick and ball handling to enhance contextual relevance. Knee
Control+ is now included as part of the national floorball coach education
curriculum.

Injury prevention can also be achieved through regulatory measures and
equipment-based strategies, which aim to reduce injury risk by modifying the
external environment rather than targeting athletes’ physical or psychological
characteristics. In floorball, protective eyewear is a well-established example of
such an approach. The use of mandatory eyewear has been shown to
substantially reduce the risk of eye injuries in youth floorball (Bro & Ghosh,
2017; Leivo et al., 2015), leading the Swedish Floorball Federation to implement
a regulation requiring players aged < 16 years to wear protective goggles starting
in the 2015—2016 season (Tervo et al., 2019). Still, eye injuries remain a concern
among older youth and senior players (Bro & Ghosh, 2017; Tervo et al., 2019).

Further, two studies have evaluated psychological interventions in elite adult
floorball teams over one or two competitive seasons (Tranaeus, Johnson,
Engstrom, et al., 2015; Tranaeus, Johnson, Ivarsson, et al., 2015). Although no
statistically significant group differences in injury occurrence were found, the
intervention group reported fewer total injuries and fewer severe injuries, the
latter during the second season. The authors highlight that several contextual
constraints, such as team-based delivery formats and limited session time, may
have affected intervention effects. Nevertheless, they note that the observed
reductions, while not statistically significant, may still hold clinical relevance for
practitioners and athletes (Tranaeus, Johnson, Engstrom, et al., 2015; Tranaeus,
Johnson, Ivarsson, et al., 2015). Overall, evidence for psychological prevention,
both regarding mental health issues and sport injury, among youth athletes
remains limited. The recent IOC consensus statement on youth athlete
development focusing on health and safe sport participation (Bergeron et al.,
2024), identifies psychological prevention as an understudied area.
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Implementation and adherence challenges in
youth sport

Despite the demonstrated efficacy of several injury prevention programs,
maintaining consistent adherence in everyday sport practice is challenging
(Bahr et al., 2015; Verhagen et al., 2010). First, practical and organizational
barriers frequently interfere with routine implementation. Coaches often
describe limited training time and competing priorities within sessions, leading
preventive exercises to be deprioritized or moved outside regular practice
settings (Akerlund et al., 2023; Saunders et al., 2010). When exercises are
performed in locker rooms, hallways, or shared spaces, supervision is limited
and available equipment restricted, which frequently results in reduced fidelity
and inconsistent execution quality (Perera & Hagglund, 2020). Adherence may
also be affected by physical factors, as preventive routines can include
movements that provoke discomfort in athletes with pre-existing symptoms
(Akerlund et al., 2020). When exercises aggravate pain or fatigue, athletes are
less likely to complete recommended progressions or maintain the prescribed
frequency of preventive work (Akerlund et al., 2023). In addition, gaps in
competence among key implementers might further reduce the implementation.
Studies in youth floorball have shown that preventive exercises were often
performed incorrectly or at insufficient dosage levels (Perera & Hiagglund,
2020), and coaches reported limited training or confidence in delivering
neuromuscular injury prevention interventions (Akerlund et al., 2023).
Furthermore, sports medicine practitioners have similarly expressed
uncertainty about delivering prevention content related to psychological risk
mechanisms (Alexanders et al., 2015). These competence-related barriers might
reduce both the quality and consistency of implementation, potentially limiting
the impact of otherwise effective programs.

Behavioral and motivational aspects of injury
prevention

Even when practical and organizational barriers are addressed, the successful
adoption and maintenance of injury-preventive behaviors remain challenging,
highlighting the importance of behavioral perspectives. This has led to an
increased interest in behavioral approaches to injury prevention, and a
systematic review by Gabriel and colleagues (2019) identified several commonly
used theoretical frameworks in injury prevention, including the health belief
model (Rosenstock et al., 1988), the theory of planned behavior (TPB: Ajzen,
1991), the health action process approach (Schwarzer, 2016), and self-
determination theory (SDT: Deci & Ryan, 1985). The intention to participate in
and implement injury prevention has been associated with social norms in the
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athlete’s environment (White et al., 2012), perceived benefits of participation
(Martinez et al., 2017), and confidence in the ability to participate (McKay et al.,
2016). However, other studies have shown that coaches’ intentions do not
always translate into actual implementation (Frank et al., 2015). On the other
hand, self-determined motivation has been associated not only with intention,
but also with performing preventive behaviors (Chan & Hagger, 2012a, 2012b;
Lee et al., 2021).

Youth athletes across different sports frequently describe injury-preventive
exercises as less enjoyable and less engaging than regular sport activities
(Akerlund et al., 2024; Chan & Hagger, 2012a; Lee et al., 2019). From an SDT
perspective, these perceptions are meaningful because motivation is shaped by
the extent to which athletes’ basic psychological needs for autonomy,
competence, and relatedness are supported and satisfied. SDT further proposes
that motivation varies along a continuum from controlled to autonomous forms
of regulation, with amotivation reflecting a lack of intentionality and
engagement (Ryan & Deci, 2017). According to SDT, adherence to behaviors
that are not inherently enjoyable, such as many preventive routines might be
perceived, depends on the degree to which athletes internalize the value of the
behavior and experience support for their psychological needs of autonomy,
competence, and relatedness (Standage & Ryan, 2020). Injury-preventive
behavior is therefore more likely when athletes feel that prevention is personally
meaningful or beneficial (i.e., autonomously motivated), and less likely when
they engage out of pressure, obligation, or external demands (i.e., controlled
motivation). Empirical work supports this pattern: autonomous motivation
positively predicts both intention and adherence in rehabilitation and
injury-preventive contexts, whereas controlled motivation tends to show weak
or negative associations (Chan et al., 2009; Chan et al., 2011). However, some
prevention studies report that controlled motivation can still contribute
indirectly to intention when it reflects more internalized forms of extrinsic
motivation, such as introjected regulation, where athletes act to avoid guilt or
maintain approval (Chan & Hagger, 2012a). This aligns with the idea that
motivational types adjacent on the continuum may overlap and co-occur (Ryan
& Connell, 1989; Chan & Hagger, 2012a). In youth athletes specifically, research
suggests that identified regulation (e.g., recognizing the personal value of
prevention) may be particularly relevant, as it supports persistence even when
tasks are not inherently enjoyable (Lee et al., 2019).

The role of coaches and why context matters

Following ideas in SDT, the social environment plays a central role in shaping
athletes’ motivation, and coaches and teachers are recognized as influential
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social agents in youth sport. Several studies have highlighted coaches’ influence
on athletes’ intention and adherence to preventive behaviors (e.g., Chan &
Hagger, 2012a, 2012b; Parker et al., 2021). A need-supportive coaching style,
including leader behaviors such as providing meaningful rationales,
acknowledging athletes’ perspectives, offering choices where possible, and
supporting competence through clear structure and constructive feedback, can
foster autonomous motivation (Liu et al., 2026; Standage & Ryan, 2020).
Beyond motivation, coaches also influence the practical delivery of prevention,
determining when and how preventive routines are integrated into training.

Although coaches play a key role, prevention does not occur in isolation but
within the broader context of youth sport environments. Need-supportive
environments are suggested to increase athletes’ willingness to persist with
injury-preventive behaviors (Parker et al., 2021). However, many schools and
clubs operate under significant time pressure, limited access to facilities, or
shared spaces, which restrict opportunities for high-quality implementation
(Akerlund et al., 2023, 2024; Jacobsson et al., 2023). These contextual barriers
can limit fidelity even when motivation is high, and they often necessitate
compromises such as conducting preventive routines in hallways or abbreviated
formats. As highlighted in implementation research, contextual fit, the degree to
which prevention strategies align with the realities of the training environment,
is crucial for long-term success (Donaldson et al., 2017; Gabriel et al., 2019).
Ecologically valid prevention requires not only effective exercises but also
delivery formats that can be sustained alongside the competing demands of
youth sport practice. This includes understanding how key individuals interpret,
adapt, and integrate prevention strategies into existing routines, and
recognizing that the broader environment can either support or hinder both
coaches’ efforts and athletes’ motivation (Bolling et al., 2020).

Transfer across contexts

For many youth athletes, sport participation includes multiple settings, perhaps
most notably in school-based and club-based activities. This raises the question
of how motivation and competence developed in one context may influence
behaviors in another. The trans-contextual model (TCM: Hagger et al., 2003)
offers a framework for understanding such cross-contextual transfer by
integrating SDT with TPB. According to TCM, autonomy support provided in
one context (e.g., school sport) enhances autonomous motivation through
satisfaction of the needs for autonomy, competence, and relatedness. This
motivational state can then transfer to another context (e.g., from the school
setting to club training), influencing intentions and behaviors through
mechanisms such as perceived behavioral control, attitudes, and social norms
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(Hagger & Chatzisarantis, 2016). Empirical support for the model is largely
derived from educational contexts, where motivation generated in school-based
physical activity has been shown to transfer to out-of-school behaviors (Hagger
& Chatzisarantis, 2016), as well as from studies indicating that motivation for
injury-preventive behaviors can also transfer across contexts (Chan & Hagger,
2012b; Lee et al., 2019; 2021). In environments where athletes navigate multiple
motivational climates, such as school-based sport and club environments, TCM
is particularly relevant for understanding how prevention behaviors can be
promoted beyond the context in which they are introduced.

Overall, while substantial evidence exists regarding effective injury prevention,
far less is known about how these strategies are interpreted, adapted, and
sustained in the real-world environments where athletes train and learn
(Bolling et al., 2020; McCall et al., 2016). In addition, there has been a call for
approaches to sport injury prevention that take both behavioral and contextual
factors into account when designing, implementing, and evaluating preventive
interventions (Donaldson et al., 2017; Gabriel et al., 2019; Keats et al., 2012). To
address this gap, the final specific aim of this thesis was to explore high-school
floorball teachers’ experiences and strategies related to injury prevention in the
school setting.
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Aims of the thesis

The overall aim of this thesis was to advance the understanding of sport injury
in youth athletes by examining combinations of risk factors, psychological
responses in relation to injury over time, and injury prevention practices within
Swedish elite floorball high schools. This aim was addressed by combining
longitudinal quantitative designs, with in-depth interviews capturing
experiences, behaviors, and prevention strategies within the school context.

The specific aims of the thesis were:

* To identify how combinations of psychological, demographic, and
physical capacity factors relate to sport injury occurrence in youth
athletes (Study 1).

+ To examine mental health trajectories across a competitive floorball
season and to investigate within-person and between-person
associations between injury status and mental health in youth athletes
(Study 2).

»  To explore high-school floorball teachers’ experiences and strategies
related to injury prevention in the school setting (Study 3).

Together, these aims address sport injury as a multifaceted and context-
dependent process by integrating perspectives on injury etiology, athlete
experiences in relation to injury, and prevention practices. The findings from
this thesis are expected to contribute contextual knowledge to advance the
understanding of sport injuries in floorball, and to help inform injury
prevention strategies and support mental well-being among youth athletes in
the school setting. The findings are also likely to have relevance beyond
floorball, particularly in relation to injury risk processes and preventive efforts
in similar youth sport environments.
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Transparency section

My perspective on Open Science

Open science refers to a set of research practices aimed at increasing
transparency, rigor, and credibility in scientific work through openness in
planning, analysis, and reporting (Nosek et al., 2015). These practices have
gained prominence in response to concerns about limited reproducibility of
research findings, selective reporting, and publication bias across several
scientific disciplines (Ioannidis, 2005; Nosek et al., 2015). In psychology, this
has been particularly notable in light of the “replication crisis” (Open Science
Collaboration, 2015). One key issue is that flexibility in data analysis and
reporting can blur the distinction between confirmatory and exploratory
research, increasing the risk of practices such as hypothesizing after results are
known (HARKing; Kerr, 1998) and inflating the likelihood of false-positive
findings (Simmons et al., 2011). Open science recommendations therefore
emphasize making key research decisions explicit in advance, transparently
documenting analytic choices, and clearly distinguishing confirmatory from
exploratory elements of a study, preferably through preregistration on an
independent platform (Banks et al., 2019; Nosek et al., 2018).

In this thesis, I have tried to incorporate such transparency-enhancing practices
in ways that were appropriate to the design, data type, and ethical context of
each study. In addition, I have viewed this process as an opportunity to learn
more about open science practices and therefore used different platforms and
strategies. One reflection along the way has been that while preregistration
takes a considerable amount of time, perhaps especially when one is new to the
methods being used and when each decision requires consulting a number of
papers to determine the most appropriate choice, the time spent thinking ahead
was worthwhile once the analyses were conducted and key decisions had already
been made. Another lesson learned is that preregistration can feel like a very
definitive step, where every “mistake” (i.e., correction or change to the original
registration) is visible to others. As a result, researchers, including senior ones,
might refrain from preregistering their studies. Rather than viewing such
changes as problematic, from my perspective as a psychologist I see this as
enhancing both trust in research and psychological safety within academia, and
I find it encouraging that an increasing number of scholars are being
transparent about the research process and about the fact that changes often
occur. These changes may reflect revisions in the underlying reasoning or, more
commonly, the realities of conducting social science research on human
behavior in real-life settings, where data collection seldom unfolds exactly as
planned and adjustments to sample size, timelines, or analyses may be
necessary. Ultimately, it is not about doing everything right, but about being
transparent regarding how the research was conducted. I recognize that I could
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have done more, but this represented a starting point for my engagement with
open science and transparency practices, which are outlined below.

Study 1 was preregistered on the Open Science Framework (OSF;
https://osf.io/) using a template for secondary data analysis. The
preregistration specified the research questions, key variables and
operationalizations, inclusion and exclusion criteria, and the planned analytic
strategy. In addition to the preregistration form, a project description and
complementary documentation describing the estimated models were uploaded
to the platform to increase transparency in the analytic process.

Study 2 was preregistered on aspredicted.org. This preregistration specified the
research questions, primary outcomes, sample characteristics, inclusion criteria,
and planned analyses. While AsPredicted offers more limited options for storing
supplementary materials than OSF, the platform allows for clear documentation
of core research and analysis decisions made in advance of data analysis,
supporting transparency and distinguishability between confirmatory and
exploratory components.

Study 3 was not preregistered. Although preregistration is possible for
qualitative research designs, alternative transparency practices were applied for
this study. Transparency was promoted through the provision of a translated
interview guide, a detailed description of the analytic approach, and explicit
attention to reflexivity and analytic decision-making during the qualitative
analysis. These measures were intended to enhance transparency in the
research process and interpretive steps, given the inductive and iterative nature
of the study.

Quantitative data included in this thesis are not publicly available; however,
requests for access to pseudonymized data may be directed to the project
coordinator. Qualitative interview data are not available due to the small
population of potential interviewees and associated ethical and confidentiality
considerations.

Al use in the thesis work

To follow the ethical research principles of transparency and accountability
(World Medical Association [WMA], 2024), I hereby disclose my use of large
language models in the work on this thesis. The most recent version of the
World Medical Association’s Declaration of Helsinki (WMA, 2024), as well as
official documents for doctoral students at Ume& University, do not provide
specific guidance on the use of generative artificial intelligence or how such use
should be declared. I therefore rely on the American Psychological Association’s
policy on generative Al (2025) and guidance provided to doctoral students by
Karolinska Institutet (2025).
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The large language model Microsoft® 365 Copilot (provided by Umea
University) was used for language editing during the writing process, with the
aim of improving readability and linguistic clarity (Microsoft, 2026). I have also
used the application for producing code and syntax for the statistical analysis
programs SPSS and R, and for generating illustrations included in the thesis.
The cover of this thesis was produced using ChatGPT (Open Al, 2026).

Ethically, it is essential to continuously reflect on the use of artificial intelligence
and large language models in research (Resnik & Hosseini, 2025), as well as on
the potential implications for doctoral learning outcomes (Karolinska Institutet,
2025), and environmental effects (e.g., Valdivia, 2025). Authors remain
responsible for critically reviewing and editing content generated by artificial
intelligence, as such output may be inaccurate, incomplete, or biased (Resnik

& Hosseini, 2025). Prior to submission, I carefully revised and edited all parts of
the thesis and take full responsibility for the originality, accuracy, and integrity
of the work.
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Materials and Methods

The doctoral work presented in this thesis is part of the larger longitudinal
project Risk factors for sport injury in floorball players, a collaboration
between the Swedish Floorball Federation, the Floorball Research and
Development Centre at Umea School of Sport Sciences, and researchers from
Umed University, Halmstad University, and Linképing University. The project
has a multidisciplinary focus, integrating psychology, sports medicine, and
nutrition, and its overall aim is to generate knowledge about how exercise load,
health habits, and psychological and physical factors relate to sport injury
occurrence in young floorball players. The project included youth floorball
players aged 16—19 years enrolled in Swedish floorball high schools between
2020 and 2023. It was designed to include the entire population of students
enrolled in these programs during the study period, corresponding to
approximately 1,000 athletes annually. Each year, newly enrolled students were
eligible to enter the study, whereas graduating students no longer contributed
data. Data were collected using the smartphone application XPS Network
(Sideline Sports), through which participants completed questionnaires and
reported study data. Twice each season, athletes completed comprehensive
surveys and participated in physical field tests conducted at their schools, with
results recorded in the application. In addition, weekly and biweekly (i.e., every
other week) longitudinal data were collected throughout each season.
Participation was voluntary for both schools and athletes. Consequently, some
schools declined participation for practical or organizational reasons, and not all
eligible athletes chose to participate. The number of participants also varied
across measurement waves due to attrition and cohort turnover associated with
student graduation. In addition, disruptions related to the COVID-19 pandemic
affected recruitment of both schools and athletes, contributing to lower
participation during parts of the study period.

In this thesis, Study 1 and Study 2 used quantitative designs based on
longitudinal data collected from youth athletes between 2021-2022 and 2022-
2023, while Study 3 used qualitative design based on interviews from an
additional data collection with floorball teachers during 2024. Together, these
studies apply complementary methodological approaches to address different
aspects of the aims of this thesis. An overview of the purposes, designs,
participants, and analytical procedures for the three studies is provided in
Table 1. Ethical approval for the data collections was obtained from the Swedish
Ethical Review Authority (Reference numbers: 2020-02469 for the youth
studies; 2023-06730-02 for the teacher interviews).
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Table 1

Overview of studies

Study 1 Study 2 Study 3
Study To identify how To examine mental To explore high-
purpose combinations of  health trajectories school floorball
psychological, across a competitive  teachers’
demographic, floorball season and  experiences and
and physical to investigate strategies related to
capacity factors within-person and injury prevention in
relate to sport between-person the school setting
injury occurrence associations between
injury status and
mental health in
youth athletes
Design Two-wave survey, Longitudinal design  Semi-structured
preseason and (biweekly measures)  interviews
postseason during the
2021/2022 2022/2023 season
Participants | Youth floorball Youth floorball Teachers employed
players (16-19 players (16-19 years  at NIU/RIG
years old) at old) at NIU/RIG (n=15)
NIU/RIG (n=350)
(n=222)
Analysis Latent profile Bayesian multilevel Qualitative content
analysis models analysis
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Study I

Sample and Procedure

A total of 222 youth floorball players (97 females, 125 males) enrolled in
Swedish nationally certified elite floorball high schools (NIU and RIG)
participated in the study. Participants were 16—19 years old (M = 16.67,

SD = 0.78) and had, on average, 9 years of floorball experience (SD = 1.87).
Their competitive levels ranged across regional and national youth and senior
divisions, and they were distributed across 22 different floorball high schools in
Sweden. Data collection took place during the 2021/2022 competitive season.
At the beginning of the season (September 2021), participants completed a
baseline survey targeting demographic information, sporting experience, mental
health, previous injury history, and current injury status, and provided
informed consent. Data were collected using the XPS Network smartphone
application (Sideline Sports), customized for research purposes. The app is
commonly used in floorball for training planning and activity registration, so
many participants were already familiar with it. For the study, participants used
a dedicated research version alongside their regular training version, with
separate login credentials.

Baseline physical field tests were conducted at the participants’ high schools and
were instructed and monitored by their teachers in school sports. The teachers
attended information meetings prior to testing, covering test procedures,
documentation, and safety aspects. In addition, they received written
instructions and were informed that they could contact the project coordinator
with any questions during data collection, including test sessions. The field tests
used in this study are commonly implemented in youth athlete settings (e.g.,
Moseid et al., 2019) and were therefore familiar to most of the teachers. During
the 2021/2022 season, Swedish youth floorball activities for this age group
proceeded with only minor COVID-19 restrictions.

A follow-up survey was administered in April 2022, at the end of the
competitive season, in which participants reported any acute or overuse injuries
sustained during the season. All data entry (i.e., surveys, field test results, and
injury reporting) were completed using pseudonymized IDs, and all information
was securely transferred and stored on a university platform.

Measures

To capture both psychological and physical aspects relevant to youth athlete
health and development, a combination of self-report questionnaires and
physical field tests was used. These measures are described below.

29



Self-Reported Mental Health Questionnaires

To measure depression symptoms the World Health Organization Well Being
Index (WHO-5), a five-item measure of subjective well-being was used (World
Health Organization, 1998). Participants rated how they had felt over the past
two weeks on a 6-point Likert scale, ranging from 5 (All of the time) to o (At no
time). A total raw score (0—25) was multiplied by four to produce a percentage
score (0—100). The WHO-5 is widely used as a screening tool for mental
well-being and depressive symptoms, with recommended cutoffs of >50
(satisfactory well-being), <50 (likely depression), and <28 (likely major
depression; Topp et al., 2015). The scale has demonstrated adequate reliability,
construct validity, and applicability in youth populations (Blom et al., 2012;
Topp et al., 2015). Anxiety symptoms were measured by the General Anxiety
Disorder-7 item scale (GAD-7), which is a seven-item screening instrument for
generalized anxiety disorder and broader anxiety symptoms (Spitzer et al.,
2006; Kroenke et al., 2007). Participants rated how often they experienced
symptoms over the past two weeks on a 4-point scale, ranging from o (Not at
all) to 3 (Nearly every day), yielding a total score between 0 and 21. A cutoff of
>8 has been recommended when screening for a range of anxiety disorders
(Plummer et al., 2016). The GAD-7 has demonstrated strong internal
consistency and test—retest reliability (Spitzer et al., 2006; Plummer et al.,
2016), as well as measurement validity in adolescent samples (Romano et al.,
2022).

Physical Field Tests

All teachers followed a standardized test protocol, including test order, oral test
instructions, and were encouraged to follow a standardized warm-up consisting
of running and mobility exercises. The test battery was administered across two
days (Figure 2 and Figure 3).
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Figure 2
Day 1 physical field tests: Standing Long Jump and 150 m Shuttle Test

Note. Illustrations generated using A, Microsoft® 365 Copilot (Microsoft
Corporation, 2025).

Day 1
Lower Body Strength

Standing Long Jump

This test, part of the Ironman Jr. test battery, assesses horizontal lower-body
power in youth athletes (Moseid et al., 2019). From a standing position,
participants performed a maximal horizontal jump following a
countermovement and coordinated arm swing (Figure 2). The landing was
required to occur on both feet in a stable position. Jump distance was measured
from the rear edge of the start line to the heel closest to the line. Participants
completed at least three attempts, with additional attempts permitted as long as
performance continued to improve. The longest jump (in centimeters) was
recorded as the result.

Anaerobic Capacity

150 m Shuttle Test

This test is a modified version of the 5-m multiple shuttle run test described by
Boddington et al. (2001) and was previously used within the Swedish Olympic
Committee’s field test battery Fysprofilen. Five cones were placed at 5-meter
intervals (5, 10, 15, 20, and 25 m), and participants ran repeated shuttles
totaling 150 m (Figure 2). The test was performed twice with three minutes of
rest. Participants were instructed to complete each run as fast as possible. In the
present study, the fastest of the two runs was used in the analysis.
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Figure 3

Day 2 physical field tests: Hexagon Test, Push-ups and 20 m Multistage
Shuttle Run Test (Beep Test)

Note. Ilustrations generated using AI, Microsoft® 365 Copilot (Microsoft
Corporation, 2025).

Day 2
Speed, Coordination, and Balance

Hexagon Test

The Hexagon Test assesses multidirectional speed, coordination, and dynamic
balance (Beekhuizen et al., 2009). A hexagon with 60.5 cm sides and 120-degree
angles was taped on a hard surface floor (Figure 3). Starting in the center,
participants completed a sequence of two-footed jumps over each side and back
to the center in a clockwise direction, repeating the cycle three times (18 jumps
total). The test was repeated up to three times in each direction (clockwise first,
then counterclockwise). Attempts were repeated if the participant initiated
before the command or stepped on a line. The best time in each direction was
recorded, and the mean value of the best clockwise and counterclockwise times
was used for analysis.

Upper Body and Core Strength

Push-ups

This test, also part of the Ironman Jr. test battery, measures upper body and
core muscular endurance (Moseid et al., 2019). Participants performed pushups
at a standardized pace of 60 beats per minute (BPM). After a technique focused
warm-up (5—10 repetitions), the test began from a plank position supported on
hands and toes, with a floorball placed below the chest (Figure 3). A repetition
was counted when the participant lowered the body until the upper arm was
parallel to the ground and then returned to full elbow extension while
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maintaining a straight body alignment. The result was the maximum number of
correctly performed repetitions.

Aerobic Power

20 m Multistage Shuttle Run Test (Beep Test)

Aerobic power was assessed using the 20-meter multistage shuttle run test
(Léger et al., 1988). Participants ran between two markers placed 20 m apart in
time with prerecorded audio signals (Figure 3). The initial speed was 8.5 km/h,
increasing by 0.5 km/h each minute. Participants were required to reach the
marker at each beep, and the test ended when they could no longer do so. The
result was recorded as the total number of shuttles completed.

Baseline measures

Baseline information was collected through self-report items assessing
demographic characteristics, anthropometrics, and injury background.
Participants reported their biological sex and year of birth, the latter used to
calculate age. Height (cm) and weight (kg) were self-reported to provide basic
anthropometric data. To capture previous injury experience, participants were
asked whether they had ever sustained a severe sports-related injury, defined as
an injury resulting in more than four weeks of absence from sport. Current
injury status was assessed using an item asking whether they were completely
injury free, defined as being able to participate in sport without any symptoms
at the time of the survey.

Injury measures

Injury occurrence was assessed with two items in the follow-up survey.
Regarding acute injuries, participants were asked: “During the floorball season
2021/2022, have you suffered any traumatic injury (a sudden injury, e.g., a joint
sprain or muscle strain) that caused you to miss training or competition?”
Additionally, for overuse injuries: “During the floorball season 2021/2022, have
you suffered any overuse injury (slowly evolving pain that has interfered with
sporting activity) that caused you to miss training or competition?”

Definitions were consistent with common epidemiological distinctions between
acute (sudden onset) and overuse (gradual onset) injuries in sport (Fuller et al.,
2006).

Data analysis

In the current study, the aim was to capture combinations of risk factors to
investigate how psychological and physical factors interact and how these
patterns relate to demographic variables and injury risk in youth floorball
players across a competitive season. Based on the person-centered rationale
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outlined in the Background, a latent profile analysis (LPA) was conducted. LPA
identifies subgroups (profiles) based on individuals’ values on indicator
variables, allowing for the detection of distinct patterns across multiple
predictors (Masyn, 2013; Ivarsson & Stenling, 2019). The primary hypotheses
and analytic plan for this study were preregistered on the OSF
(https://osf.i0/z3x48). Descriptive analyses were conducted in SPSS version 28.
Two non-response analyses were carried out for excluded participants. Only
individuals with no missing values on baseline predictors and outcome
variables, and with at least one measurement per construct (depression
symptoms, anxiety symptoms, and physical field tests), were included in the
analyses. Outlier detection followed recommendations by Leys et al. (2019) and
was performed using the R package Routliers (version 0.0.0.3). A few outliers
were identified but were retained because they were considered to reflect the
diversity of the sample.

The main analyses were conducted using Mplus 8.10 (Muthén & Muthén, 1998—
2017). The robust full-information maximum likelihood estimator (FIML; MLR
in Mplus) was used to handle item-level missing data, consistent with prior
recommendations (Fergusson et al., 2020). FIML incorporates all available
information in the estimation process without requiring imputation or case
deletion (Enders, 2022). Following recommended guidelines for latent profile
analysis, the analytic procedure adhered to the general structure proposed by
Fergusson et al. (2020), which includes six main stages. First, the data were
inspected to evaluate distributions, missingness, and the suitability of indicators
for mixture modeling. Second, a series of theoretically plausible LPA models
were iteratively estimated and evaluated. Third, model fit and interpretability
were assessed using established fit indices. Fourth, emerging patterns within
the profiles were examined. Fifth, covariates were incorporated to assess
associations with profile membership. Finally, as the sixth step in line with
Fergusson et al. (2020), the results were presented alongside relevant
theoretical and empirical considerations. Because the current study also
examined distal outcomes, additional steps were carried out prior to the final
step to evaluate injury outcomes across the extracted profiles. The following
section describes how these stages were implemented in the current study.

After the initial data inspection, LPA was conducted using two mental health
variables (depression and anxiety symptoms) and five physical capacity
variables (lower body strength, upper body and core strength, aerobic power,
anaerobic capacity, and speed, coordination, and balance) as input indicators.
All indicators were standardized (z-scores) to facilitate estimation and
interpretation given differing measurement scales. Model estimation followed
recommendations by Muthén and Muthén (1998-2017), including the use of
multiple sets of random starting values to identify the global maximum and
increasing iterations to optimize convergence. Recommendations from Masyn
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(2013) in estimating models with different within-profile variance—covariance
specifications were used, beginning with the most constrained structure and
progressively increasing complexity. The first models used a class-invariant
diagonal structure, assuming conditional independence, covariances fixed to
zero within profiles, and variances constrained to be equal across profiles. Next,
models allowing variances to vary freely across profiles were estimated.
Subsequently, models in which indicator variables were allowed to covary
within profiles while variances remained equal between profiles were tested.
Finally, a full mixture model was estimated, allowing both variances and
covariances to vary freely within and across profiles.

Across all specifications, profile solutions were compared based on model
convergence and information criteria. Decisions regarding model fit and profile
enumeration were guided by the Bayesian Information Criterion (BIC), Sample-
Adjusted BIC (SABIC), Bootstrap Likelihood Ratio Test (BLRT), Lo—Mendell—-
Rubin test (LMR), and entropy, following recommendations by Nylund et al.
(2007) and Fergusson et al. (2020). Lower BIC and SABIC values indicated
better fit. For the BLRT and LMR, statistical significance (p < .05) suggested
that a model with k profiles fit better than a model with k — 1 profiles. Entropy
values above .80 have been suggested to indicate adequate classification
accuracy (Celeux & Soromenho, 1996; Tein et al., 2013), although no formal cut-
offs exist. Final models were evaluated based on substantive meaning,
theoretical coherence, interpretability, and the size of the smallest profile
(Fergusson et al., 2020; Lindwall et al., 2017).

To incorporate covariates and distal outcomes, the manual three-step Bolck—
Croon—Hagenaars (BCH) approach was used, following methodological
advances in the inclusion of auxiliary variables in mixture models (Asparouhov
& Muthén, 2014; Nylund-Gibson et al., 2019; Fergusson et al., 2020). The BCH
method allows auxiliary variables to be included without altering latent profile
membership derived in the first step. The BCH step includes multinomial
logistic regression, with results reported as odds ratios (OR) and 95%
confidence intervals (CI). Covariates included age, sex, height, weight, injury
history, and injury status at baseline. Distal outcomes were analyzed separately
for any injury (acute or overuse), acute injury, and overuse injury to assess
potential group differences in injury occurrence.

Study 2

Sample and Procedure

In Study 2, data collection was conducted during the 2022/2023 competitive
school year season. The study included a total of 350 youth floorball players
(178 females, 172 males), aged 16—19 years (M = 16.83, SD = 0.81). As in Study
1, all data were collected using the XPS Network smartphone application, with
participants submitting information using pseudonymized IDs.
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Participants completed the baseline survey, including informed consent, at the
start of the season. In addition, every two weeks, throughout the season (i.e., 16
occasions), participants also responded to additional questions about mental
health, training exposure and injury occurrence, following consensus definitions
and procedures from established sport injury surveillance frameworks (e.g.,
Clarsen et al., 2020; Fuller et al., 2006). Completing the biweekly questions
took less than 10 minutes. Data were securely transferred and stored on a
university platform. The research questions, material and methods, and
analytical approaches for Study 2 were preregistered on AsPredicted
(aspredicted.org), reference number #275798.

Measures
Mental Health

Mental health symptoms were assessed using the Depression Anxiety Stress
Scales—21 (DASS-21; Lovibond & Lovibond, 1995). The scale measures
symptoms of depression, anxiety, and stress over the past week. Each subscale
consists of seven items rated on a 4-point Likert scale (0 = Did not apply to me
at all to 3 = Applied to me very much or most of the time). Subscale scores
range from o0 to 21, with higher scores indicating more symptoms. DASS-21 has
been validated in both adult and youth samples (Evans et al., 2021; Lovibond &
Lovibond, 1995; Mellor et al., 2015).

Injury Severity

Injuries and their consequences for sport participation, training modification,
pain, and performance were measured using a modified and combined version
of the Oslo Sports Trauma Research Center Questionnaire on Health Problems
and the Oslo Sports Trauma Research Center Overuse Injury Questionnaire
(OSTRC-Hz2, OSTRC-02; Clarsen et al., 2020). The questionnaire consists of
four items, scored from 0 to 25, producing a total injury severity score ranging
from o to 100. The repeated longitudinal design enabled tracking of health
problems and injury severity across the season. In the analysis both a
continuous injury severity score and a binary variable (injury = a severity score
higher than 0) were used.

Baseline measures

As in Study 1, biological sex, previous injury history, and current injury status
were assessed at baseline at the start of the season (September). Previous i 1nJury
history was assessed using the question: “Have you suffered any severe injuries
(injuries resulting in more than four weeks of absence from sport) caused by
your sport at any time in your career?” Current injury status at baseline was
assessed using the question: “Are you completely injury-free (able to play sports
without any symptoms) today?”
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Data analysis

The aim of the second study was to investigate youth athletes’ mental health,
how it varies and fluctuates over the course of a school-year season, and
whether these patterns are influenced by injury status. A multilevel framework
was employed to examine both between-person differences and within-person
changes in mental health across the season.

Descriptive analyses were conducted using SPSS version 28 and RStudio
version 2025.09.2+418. Cases with missing data on between-person predictors
(biological sex, prior injury history, and injury status at baseline) were excluded
from the analyses.

To model change in depression, anxiety, and stress symptoms across the season,
Bayesian multilevel models were estimated in Mplus version 8.10 using Markov
chain Monte Carlo (MCMC) sampling (Muthén & Muthén, 1998—2017). This
modeling approach allows repeated biweekly measurements to be nested within
individuals and enables the separation of within-person and between-person
sources of variation (Curran & Bauer, 2011). For each model, four MCMC chains
with 10,000 iterations were run, with the first 5,000 iterations discarded as
burn-in (Asparouhov & Muthén, 2021). Convergence was assessed using the
potential scale reduction factor (PSR), with values below 1.05 indicating
acceptable convergence (Brooks & Gelman, 1998). Default priors in Mplus were
applied, and parameter estimates were evaluated using 95% Bayesian credible
intervals (CrI), with intervals not including zero considered credible (Zyphur &
Oswald, 2015). Missing data at the within-person level were handled implicitly
by the Bayesian estimation, allowing all available observations to contribute to
parameter estimation (Muthén & Muthén, 1998—-2017).

In the first step, multilevel growth modeling was applied to examine individual
trajectories of depression, anxiety, and stress symptoms across the competitive
season. For each outcome, models included random intercepts as well as linear
and, where supported, quadratic slope components, with the intercept anchored
at the first measurement occasion. Quadratic slopes were retained only when
supported by their 95% Bayesian credible intervals. Between-person baseline
characteristics (biological sex, prior injury history, and injury status at baseline)
were subsequently included as predictors to account for individual differences
in baseline symptom levels and rates of change over time.

Subsequent analyses focused on associations between injury status and
symptoms of depression, anxiety, and stress at both within-person and
between-person levels. Two alternative operationalizations of injury were
considered, binary injury status and injury severity. To decompose within-
person variation from between-person variation, latent person-mean centering
was applied to time-varying predictors (Asparouhov & Muthén, 2019). Time was
included at the within-person level to account for overall temporal trends (cf.
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Wang & Maxwell, 2015). This modeling framework enabled assessment of
whether athletes experience higher depression, anxiety, and stress symptoms
than usual when reporting higher injury severity levels than usual, or when
reporting being injured compared to when they report being not injured,
whether individual differences in injury-related symptom reactivity were
present (modeled via random slopes), and whether between-person level
moderators such as biological sex and prior injury history were associated with
variability in these effects. Between-person differences in injury were
operationalized as each individual’s proportion of measurement occasions with
reported injury in models where a binary injury variable was used. In models
using the injury severity score, the between-person differences represent
individuals’ mean injury severity scores across measurement occasions.

Study 3

Sample and Procedure

Fifteen floorball teachers were recruited using purposive sampling to obtain
variation in age, gender, and geographical representation across Sweden.
Recruitment invitations were emailed to 20 nationally certified regional elite
floorball high schools (NIU) and the national elite floorball high school (RIG),
all of which participated in the larger project Risk factors for sport injuries in
floorball players, described in the introduction to the Materials and Methods
section. All individuals who responded (n = 15) met the inclusion criteria of at
least one year of experience working at a NIU or RIG school and fluency in
Swedish. Participants provided informed consent and completed a brief online
demographic questionnaire prior to the interview.

The sample included four women and eleven men, aged 29—60 years

(median = 47). Participants had a minimum of two years’ experience at their
current school, with total school experience ranging from 3 to 24 years and
floorball coaching experience ranging from 5 to 30 years. Most participants had
previously played floorball themselves, with experience spanning youth to elite
senior levels; several had competed at the national elite level, including
representing the Swedish national team. Twelve participants had completed
university level education, and the majority had undertaken coaching education
programs provided by the Swedish Floorball Federation, including components
on coaching skills, sport-specific competencies, age-appropriate strength
training, and injury prevention principles tailored to floorball.

Data collection

All interviews were carried out individually via videoconferencing during the
spring semester of 2024 and were scheduled at a time convenient for each
participant. Semi-structured interviews (Kvale & Brinkmann, 2013) were used,
guided by an interview guide developed by the author in collaboration with two
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co-authors. The guide consisted primarily of open-ended questions, and the
main topic areas included utilization, preconditions, perceived competence,
motivation, and attitudes. Examples of opening questions were: “Can you tell
me what injury prevention is to you?” and “What are your experiences of
conducting injury prevention in the school context?”. Additional open-ended
follow-up questions and probes were used to elicit detailed accounts of
experiences and strategies related to injury-preventive work in the high school
setting.

The interview guide was piloted once with a coach working with a similar athlete
group to evaluate the clarity and relevance of the questions. Although no major
structural changes were required, the pilot indicated the importance of
prompting participants to provide concrete examples. Minor adjustments were
therefore made to the phrasing of certain questions to better encourage
elaboration and exemplification. All interviews were conducted by the author, a
psychologist with prior research experience in floorball and sports injuries and
personal experience of attending a certified elite sport high school. This
background may have facilitated rapport with participants and informed
follow-up probes during interviews. Interviews lasted between 32 and 50
minutes (M = 44 minutes) and were audio-recorded with participants’ consent.
Recordings were transcribed verbatim by the author or a professional
transcriptionist. All interviews were conducted and transcribed in Swedish.
Quotations used in the article were translated into English by the author, with
attention to preserving the original meaning and nuances.

Data analysis

In this thesis, advanced statistical modeling is combined with an interest in
exploring individuals’ perspectives and lived experiences. Pragmatism (Dewey,
1938) aligns with the overall research approach of the thesis by supporting
methodological flexibility and allowing different forms of evidence to contribute
meaningfully to the research aims. Reflecting this orientation, Study 3 adopted a
qualitative, inductive design guided by pragmatism, which emphasizes practical
relevance and seeks to understand how and why individuals experience and
respond to real-world challenges (Giacobbi et al., 2005; Morgan, 2014; Zyphur
& Pierides, 2020). Given that the aim of Study 3 was to explore high-school
floorball teachers’ experiences and strategies related to injury prevention in the
school setting, qualitative content analysis (QCA) as described by Graneheim
and Lundman (2004) was selected as the analytic approach. QCA is
theoretically flexible and can be used to explore both manifest content and more
latent, interpretative meanings at varying levels of abstraction (Lindgren et al.,
2020). Consistent with a pragmatic perspective, QCA is not tied to a specific
paradigm but instead provides a set of analytic tools whose theoretical
orientation is shaped through their application within a particular study (Braun
& Clarke, 2021).
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Established guidelines for QCA (Graneheim & Lundman, 2004) and later
developments concerning interpretation, abstraction, and trustworthiness
(Graneheim et al., 2017; Lindgren et al., 2020) guided the analytic process.
NVivo 12 (Lumivero, 2024) was used to support data management, coding, and
structuring of the analysis. Following recommended procedures (Dahlgren et
al., 2019; Erlingsson & Brysiewicz, 2017; Lindgren et al., 2020), the analysis
proceeded through six steps: (1) familiarization with the data, (2) dividing the
text into meaning units and condensing them, (3) generating codes, (4)
grouping codes into categories, (5) abstracting categories into sub-themes and
themes, and (6) relating the results to existing knowledge. A meaning unit was
considered a coherent segment of text—such as words, sentences, or
paragraphs—that shared a common content and contextual meaning
(Graneheim & Lundman, 2004). Categories captured manifest content with a
low degree of interpretation, whereas themes represented a higher level of
abstraction, functioning as a unifying “red thread” across categories (Graneheim
et al., 2017). Our analysis involved a moderate level of abstraction and latent
interpretation (Graneheim et al., 2017; Lindgren et al., 2020).

The analysis began with all transcripts being read and reread by the author to
gain a deeper understanding of the material. Thereafter, the author and two
co-authors independently coded one interview to compare approaches, discuss
similarities and differences, and strengthen the analytic rigor through
triangulation. Following this collaborative step, the author continued identifying
meaning units in the remaining interviews. Meaning units were then condensed
and coded, resulting in codes covering a wide range of content, such as school
facilities, injury occurrences, attitudes, motivational aspects, and
communication practices. Codes were subsequently sorted into categories based
on similarities and differences (Graneheim & Lundman, 2004). The categories
reflected school-specific conditions, responsibility structures, motivational
processes, and communication strategies. These categories were then
interpreted and abstracted into sub-themes that captured teachers’ strategies
for navigating internal (e.g., school curriculum) and external (e.g., club coach
expectations) demands, and one overarching theme that reflected the broader
pattern of striving for enhancing autonomy and self-leadership in students. The
analytic process was iterative rather than linear, characterized by repeated
movement between transcripts, codes, categories, and themes. Throughout this
process, categories, sub-themes, and themes were continuously refined through
team discussions.

Trustworthiness is a central quality criterion in qualitative research, ensuring
that the interpretations are credible, dependable, and grounded in the
participants’ accounts (Lindgren et al., 2020). To address this, several strategies
were applied during the analytic process. First, trustworthiness was
strengthened through repeated discussions and triangulation among
researchers with diverse competencies, including psychology, sports medicine,
and physiotherapy, as well as applied experience in youth sport (Carter et al.,
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2014; Graneheim & Lundman, 2004). In addition, the authors actively reflected
on how their backgrounds, experiences, and prior knowledge might shape
interpretation, in line with recommendations on reflexivity (Braun & Clarke,
2019). The team also included one researcher who had not been involved in the
larger project or previously studied this participant group, offering an outside
perspective that supported critical examination of emerging interpretations
(Hayfield & Huxley, 2015). Furthermore, the feedback gained through the pilot
interview supported trustworthiness by informing refinements to the interview
guide and strengthening credibility, dependability, and transferability. It
ensured that the questions were clear, contextually appropriate, and feasible for
participants to engage with in the digital format (Kallio et al., 2016). Finally, a
member check was conducted with both original participants and individuals
from a similar population. Their feedback supported the credibility and
confirmability of the results, as no participants indicated misrepresentation or
missing aspects of importance.

Ethical considerations

This project was designed to ensure that societal benefits outweighed potential
risks for individual participants, in accordance with the Declaration of Helsinki
(WMA, 2024), the Swedish Research Council (Vetenskapsradet, 2017), and the
European Code of Conduct for Research Integrity (ALLEA, 2023). Ethical
approval was obtained from the Swedish Ethical Review Authority (ref: 2020-
02469), including a separate approval for the teacher interviews (ref: 2023-
06730-02). The study was partially funded by the Swedish Floorball Federation,
which encouraged participation from athletes and teachers and contributed to
identifying practice-relevant research questions but had no influence over data
analysis.

Participants in Study 1 and 2 were youth athletes aged 16 years and older, who
could legally provide consent without parental approval (SFS 2003:460).
Informed consent was obtained through written and oral information tailored to
adolescents, emphasizing voluntariness and the right to withdraw at any time
without consequences. Participants were also informed that they could opt out
of reminders related to questionnaires or testing without any effect, including
any impact on school-related assessments or grades. To protect confidentiality,
teachers were not informed about which students had consented, instead they
were asked to remind all students about study activities. This approach was
chosen to avoid indirect pressure and maintain privacy.

The chosen physical field tests were assessed as safe and posing minimal
additional risk compared to regular training (Cruz-Léon et al., 2025).
Instructors were thoroughly prepared, and medical equipment was available on-
site. All participants were covered by personal injury insurance. Psychological
data and injury reporting were collected frequently to be able to capture
variations in mental health and injury status, an approach that can be
burdensome and time-consuming for participants (Bolger & Laurenceau, 2013).
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To handle this, efforts such as carefully considering the number of questions,
the timing of survey distribution (e.g., day of the week and time of day), and
recommending that teachers allocate time for survey completion within lessons
when possible were made to minimize participant burden.

Teachers received oral information about the interview study during a national
staff meeting and provided written informed consent prior to participating in
the semi-structured interviews. A form of member checking was offered after
analysis, inviting all teachers to review the findings of Study 3. Interview data
were de-identified, and some quotes were slightly modified to protect
confidentiality in this small population prior to publication.

All data were handled in accordance with Umed University’s information
security guidelines and applicable data protection regulations, including the
General Data Protection Regulation (European Union, 2016). When
participants registered data via the smartphone application, these data were
immediately transferred to a secure research platform at Umea University and
subsequently deleted from the XPS Network smartphone application and
Sideline Sports servers. Quantitative data were pseudonymized and stored
securely, with access restricted to the project coordinator and the author of this
thesis. Following transcription, the audio recordings of the interviews were
deleted, and verbatim transcripts were stored on the secure platform at Umea
University. All publications adhered to the Vancouver guidelines (International
Committee of Medical Journal Editors, 2023), with clear authorship
contributions and careful protection of participant confidentiality.
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Summary of studies

Study 1

Background and aim

Sport injuries are prevalent in youth sports and can affect both individual short-
and long-term health, sport participation, and increase health care costs on a
societal level. Considerable research has therefore focused on identifying risk
factors that precede injury. Several physical (e.g., strength, neuromuscular
control), psychological (e.g., stress), and demographic (e.g., age, sex) factors
have been linked to injury risk (e.g., Emery, 2003; Tranaeus et al., 2024).
However, much less is known about how such factors interact within
individuals, and whether combinations of factors may increase or reduce injury
risk (Bittencourt et al., 2016). The first study in this thesis addressed this gap by
examining whether distinct profiles could be identified among youth floorball
players using both physical and psychological indicators, and how these profiles
relate to injury occurrence.

Methods

At the beginning of the competitive season, 222 youth players enrolled at NIU
and RIG completed standardized physical field tests at their schools and
responded to an app-based survey assessing mental health and injury history.
Injury outcomes were recorded through a follow-up survey at the end of the
season. To capture combinations and patterns of risk factors within individuals,
latent profile analysis was used to form subgroups based on players’
psychological and physical characteristics. Group differences in demographic
and anthropometric variables, as well as previous and current injuries, were
examined. Finally, differences in injury occurrence between profiles were
evaluated. The study protocol, including aims, primary hypotheses, measures,
and analytic strategy were preregistered on the OSF.

Findings and conclusions

Three profiles were identified that differed in both the level and shape of mental
health and physical performance. Relative to the other profiles, one profile was
characterized by moderate mental health and the highest physical performance,
another by the lowest mental health and average physical performance, and a
third by the highest mental health and the lowest physical performance.
Following previous studies, profile labelling was based on standardized z-scores
(i.e., standard deviations from the sample mean; Gustafsson et al., 2018). The
profiles were labelled "Moderate mental health/High physical performance"
(Profile 1), "Very low mental health/Average physical performance" (Profile 2),
and "High mental health/Low physical performance" (Profile 3). Having an
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injury at baseline increased the likelihood of belonging to the profile with very
low mental health, while age, sex, height, weight, and earlier injury history did
not significantly predict profile membership. Contrary to expectations, the
profile with the highest physical performance and moderate mental health
reported the highest occurrence of injuries by the end of the season. A likely
explanation is that athletes with relatively good mental health and strong
physical capacity tend to perform well and, as both a consequence and driver of
this performance, may train more, play more games, and participate at higher
intensities. Consequently, these higher levels of exposure increase the number
of situations in which injuries might occur. Interpreting the findings in this way
suggests that injury prevention efforts should not focus solely on athletes with
apparent health deficits or performance limitations but also consider each
player’s overall context and total load.

Study 2

Background and aim

Mental health in youth sport is shaped by ongoing interactions between athletic
participation, academic demands, and social contexts, and should therefore be
understood as a process that evolves over time (Stambulova et al., 2015; von
Rosen & Heijne, 2021; Walton et al., 2024). Within the sporting domain,
sustaining an injury is commonly viewed as a notable psychological challenge
and is frequently perceived as a negatively impactful life event (Chang et al.,
2020; Gouttebarge et al., 2019). Given that both injury status and mental health
vary throughout a competitive season, methodological approaches that capture
within-individual change are essential complements to between-person
analyses. Accordingly, the aim of this study was to examine mental health
trajectories across a competitive floorball season and to investigate within- and
between-person associations between injury status and mental health in youth
athletes.

Methods

During the 2022/2023 season, 350 youth floorball players enrolled at NIU and
RIG completed app-based surveys every other week assessing symptoms of
depression, anxiety, and stress, as well as injury severity (i.e., injury-related
consequences for participation, performance, and pain). To examine
within-person change over time while accounting for between-person
differences, multilevel models were used. Baseline characteristics, time-varying
injury status, and between-person variations in within-person associations were
examined using Bayesian estimation. Research questions and analytic strategies
were preregistered on aspredicted.org.
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Findings and conclusions

At baseline, males reported lower levels of depression, anxiety, and stress
symptoms than females. However, none of the baseline predictors, including
sex, prior injury history, or baseline injury status, were associated with changes
in mental health over time. At the within-person level, fluctuations in injury
severity relative to athletes’ usual levels were associated with concurrent
changes in mental health. Time points characterized by higher injury severity
were associated with lower depression symptoms, whereas anxiety symptoms
were higher when higher injury severity was reported. These within-person
associations varied across athletes and were slightly weaker among those
reporting higher average injury severity or more frequent injury occurrence
across the season. Taken together, the findings indicate that psychological
responses to injury are dynamic and heterogeneous. These results underscore
the importance of studying injury and mental health as within-person processes
over time, rather than relying solely on baseline risk factors or between-person
comparisons.

Study 3

Background and aim

Injury prevention interventions of various kinds (e.g., focused on
neuromuscular control, stress-reduction, or protective equipment) have proven
effective. Still, although injury reductions of nearly 50% have been reported
(Akerlund et al., 2020), keeping adherence to preventive behaviors over time is
challenging (Bahr et al., 2015). A call for integration of behavioral, motivational,
and contextual aspects has been suggested both when studying injury
prevention as well as in the implementation of applied practice. In youth sport,
coaches and teachers have been identified as key figures in the injury prevention
process. To contribute with knowledge of how injury prevention is used in a
real-world setting, the aim of the final study was to explore high school floorball
teachers’ experiences and strategies related to injury prevention in the school
context.

Methods

To gain in-depth understanding of how teachers apply injury prevention in the
school context, semi-structured interviews (Kvale & Brinkmann, 2013) were
conducted with 15 teachers in school sports working at NIU or RIG. Purposive
sampling was used to mirror age, gender, and geographical aspects of the
broader population of elite floorball high school teachers. Interviews covered
prevention-related aspects such as utilization, facilities, perceived competence,
motivation, and attitudes. Data were then analyzed using qualitative content
analysis (Graneheim & Lundman, 2004; Lindgren et al., 2020), with iterative
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interpretation and abstraction into categories, sub-themes and themes. A form
of member-checking was also conducted to ensure that the analysis reflected
areas of relevance for practitioners.

Findings and conclusions

The analysis revealed a broad range of experiences and strategies, with both
shared and unique elements. The main theme, " Facilitating students’
development to become their own best coach", captured teachers’ student-
centered approaches aimed at supporting progression and growth.

The first sub-theme, "Navigating challenges and opportunities in the school
context" highlighted teachers’ everyday experiences of implementing preventive
work within the structures and constraints of the school setting, including
interactions with external stakeholders such as club teams. The second sub-
theme, "Promoting students’ own learning and sense of responsibility",
described pedagogical strategies aimed at fostering students’ autonomy and
informed engagement in their own injury prevention. The third sub-theme,
"Leading with intentionality" illustrated how teachers used dialogue,
motivational strategies, and their own ongoing learning to strengthen the
learning process for students. A major challenge in school-based injury
prevention was helping students balance their total load, including high physical
training volumes during school and club activities, as well as psychological load
related to stress and academic demands. Strategies such as role modeling,
dialogue, and providing rationales were used to create a motivational climate
that supports autonomy and competence (Standage & Ryan, 2020), making it
easier for students to transfer these routines across contexts (Hagger &
Chatzisarantis, 2016).

To conclude, teachers in Swedish elite floorball high schools approached injury
prevention as part of a development-focused teaching strategy, combining (a)
introduction and integration of prevention into regular training, (b) supporting
autonomy, competence and progression of responsibility, (c) using routines to
enhance habit formation, (d) framing injury prevention also as performance-
enhancing to strengthen perceived value, and (e) active—though sometimes
demanding—coordination with club environments to manage students’ overall
training and recovery demands. To improve the implementation of injury
prevention in the school context, strengthened collaboration among
schoolteachers, team coaches, and athletes is needed, ideally supported by
coordinated efforts and guidelines from the sport federation to manage athletes’
total load and well-being and facilitate shared responsibility for injury
prevention.
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Discussion

The overall aim of this thesis was to advance the understanding of sport injury
in youth athletes by examining combinations of risk factors, psychological
responses in relation to injury over time, and injury prevention practices within
Swedish elite floorball high schools. The specific aims were to: a) identify how
combinations of psychological, demographic, and physical capacity factors
relate to sport injury occurrence; b) examine mental health trajectories across a
competitive floorball season and to investigate within-person and
between-person associations between injury status and mental health in youth
athletes; and c) explore floorball teachers’ experiences and strategies related to
injury prevention in the school setting. In the following discussion, the findings
are integrated and discussed by conceptualizing sport injury as a dynamic
process shaped by biopsychosocial factors within the context of Swedish elite
floorball high schools.

Main findings in relation to each aim

In Study 1, three subgroups of youth floorball players were identified based on
shared characteristics of physical performance and psychological factors. One
subgroup demonstrated a higher injury occurrence than the others; notably, this
group had the highest physical performance and moderate mental health
compared to the other groups.

In study 2, the association between injury and mental health differed among
youth athletes at the between-person and within-person levels. At the within-
person level, athletes reporting higher injury severity than their usual level also
reported higher anxiety during the same week. Interestingly, higher injury
severity was also associated with lower levels of depression symptoms.
Biological sex predicted baseline levels of mental health symptoms (i.e., females
reported more symptoms) but did not moderate the within-person relationships
between injury and mental health.

In Study 3, teachers used context-specific facilitators and employed a range of
need-supportive strategies in injury prevention teaching to promote learning
and adherence, including scaffolding and individual adjustments. While a clear
intention to transfer injury-preventive behaviors to other contexts (e.g., club
teams) existed, challenges at the system and organizational levels remain.
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The use of a person-centered approach to identify
combinations of risk factors

In the background section of this thesis, leading up to the first specific aim, I
argued for the use of approaches that allow us to examine combinations of risk
factors within individuals (i.e., person-centered approaches). The rationale for
this was that sport injuries, like many human characteristics and behaviors, are
complex and unlikely to be sufficiently explained by isolated factors only. The
findings from Study 1 support this assumption and suggest that combinations
and patterns of characteristics may contribute important information in
understanding injury occurrence among youth athletes.

By using latent profile analysis, three distinct profiles differing in both level and
shape across mental health and physical performance indicators were identified,
suggesting that some athletes are more alike than others across multiple
dimensions. From a methodological standpoint, person-centered approaches
shift the focus from estimating average effects across groups to identifying
combinations of characteristics within individuals, thereby providing a
complementary perspective to traditional variable-centered analyses (Fergusson
et al., 2020). This is particularly relevant in applied contexts where individuals
rarely differ on only one dimension (Ivarsson & Stenling, 2019). However, it
must be acknowledged that statistical clustering approaches will, by definition,
identify some form of grouping. Consequently, a critical step in this analysis
involved assessing whether the identified profiles were meaningful and
recognizable within a sporting context (Fergusson et al., 2020). During the
project, the profiles were presented to teachers at NIU/RIG who largely
described them as familiar constellations among their students. This suggests
that the identified profiles may have ecological relevance despite being
statistically derived.

The primary purpose of Study 1, however, was not merely to identify profiles,
but to examine how these profiles related to injury occurrence. Somewhat
surprisingly, and contrary to the initial hypothesis derived from the literature,
the profile characterized by high physical performance and moderate mental
health (Profile 1) showed the highest injury occurrence at the end of the season.
These findings challenge assumptions that injury risk is primarily associated
with deficits in physical or psychological functioning. Instead, the findings
suggest that injury risk may be better understood as a dynamic interplay
between individual characteristics, performance capacity, and contextual
demands. Several explanations may account for these findings. Athletes with
high physical capacity may be able to perform potentially risky movements at
higher speed or intensity (Pasanen et al., 2018; Soligard et al., 2016). High
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physical capacity and relatively good mental well-being may also facilitate
performance, which in turn could lead to selection for more playing time and
participation across multiple teams (Moseid et al., 2019), thereby increasing
overall exposure (Gabbett, 2016). Together, these findings indicate that high-
performing athletes should not be overlooked in injury prevention and recovery
strategies, as substantial injury risk may also be present among athletes who
otherwise appear well-functioning.

In addition to examining injury outcomes, and to further integrate
biopsychosocial perspectives, several well-established risk factors (age,
biological sex, prior injury history, injury status at baseline, height, and weight)
were analyzed both as predictors of profile membership and, in complementary
analyses, as direct predictors of injury in the full sample. These findings
highlight a key distinction between variable-centered associations and person-
centered differentiation. In the full sample, baseline injury status was associated
with sustaining an injury during the season, and predicted membership in
Profile 2 (“Very low mental health/Average physical performance”). In contrast,
prior injury history was associated with acute injury occurrence at the sample
level, in line with previous research (e.g., Higglund et al., 2013), but did not
differentiate profile membership. Furthermore, biological sex, age, height, and
weight neither predicted injury occurrence in the full sample nor distinguished
between profiles. These findings contrast previous findings in floorball, where
biological sex has repeatedly been associated with different injury rates for
females and males (Pasanen et al., 2018; Tervo et al., 2019; Akerlund et al.,
2020). From a person-centered perspective, this underscores that predictors
identifying injury risk at the group level may not necessarily explain
heterogeneity between individuals when injury risk is understood as
combinations of interacting characteristics within athletes.

Interestingly, athletes in Profile 2, who to a greater extent were injured at
baseline, reported fewer injuries by the end of the season. This may relate to
previous findings suggesting that previously injured athletes often engage more
in injury-preventive behaviors (Akerlund et al., 2023; Janssen et al., 2016), also
resembling findings from Study 3 in this thesis were teachers described
previously injured students as the ones who were most positive and motivated
towards injury prevention. An additional explanation may be reduced exposure
among athletes in this profile, either due to avoidance behaviors related to fear
of re-injury (Kvist & Silbernagel, 2022) or because the baseline injury resulted
in participation in fewer training sessions and games at the start of the season.
This is interesting in relation to qualitative findings from this thesis, where
teachers highlighted that, in their experience, injury occurrence was typically
highest at the start of the school-year season. They described this period as
characterized by increased training load and academic demands, particularly
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during the first year of high school, which is consistent with previous research
(Heiestad et al., 2025; Stambulova et al., 2015; von Rosen, Heijne, et al., 2018).
In addition, results from Study 2 also indicate that the students had the highest
levels of depression, stress, and anxiety symptoms at the start of the season.
Together, these findings may indicate that periods of elevated psychological and
physical load are particularly important to consider in understanding injury risk
within the elite sport high school context. However, Study 1 did not allow direct
control for training exposure, game exposure, or academic demands across the
season, limiting conclusions regarding the relative contribution of these
contextual factors. An attempt was made to retrospectively calculate game
exposure with data provided by the Swedish Floorball Federation, however, due
to the nature of the data, it was not feasible to do in relation to this study.

One additional aspect requiring consideration is that the high or low values
characterizing each profile in Study 1 are defined relative to the other profiles,
rather than against clinical cutoffs or age-specific physical recommendations.
For example, “very low mental health” in Profile 2 should be interpreted as very
low relative to profiles 1 and 3, not as indicative of a clinical level of mental
health problems. At the sample level in Study 1, mean values and standard
deviations for depression and anxiety did not indicate elevated symptom levels.
However, the range of responses told a partly different story and showed that
some athletes had scores indicating likely depression (9.9 %), likely major
depression (2.3%), and anxiety (8.6%) using clinical cut-offs for WHO-5 and
GAD-7 (Topp et al., 2015; Plummer et al., 2016), further illustrating how group
averages can obscure meaningful variation between individuals.

Mental health trajectories and the role of injury

Beyond the identification of risk profiles and their association with injury
occurrence, the thesis examined mental health as a process unfolding over the
school-year season and how injury is associated with potential changes in
depression, anxiety, and stress symptoms.

Findings from Study 2 showed clear baseline differences in mental health
symptoms, primarily predicted by biological sex, with males reporting lower
baseline levels of depression, anxiety, and stress symptoms, consistent with
findings that female athletes often experience higher levels of mental health
issues during adolescence (e.g., Gwyther et al., 2024; Walton et al., 2024). In
contrast, none of the baseline predictors, including sex, prior injury history, or
baseline injury status, predicted changes in mental health over time. Thus,
suggesting that fluctuations in mental health may be more strongly influenced
by time-varying factors than by stable individual characteristics and

50



highlighting the importance of within-person approaches in athlete mental
health research (Gaudreau et al., 2020; Hamaker, 2025).

To be able to better understand athletes’ responses to injury, the focus of Study
2 was on within-person associations between injury and mental health.
Biopsychosocial models suggest that responses to injuries differ depending on
previous experiences, coping skills, personality traits and several other stable or
time-varying factors, and thus will not be the same for everyone (Wiese-
Bjornstal et al., 1998). In support of these assumptions, findings from Study 2
show that at the within-person level, there was an association between anxiety
and injury severity such that on occasions characterized by higher injury
severity compared to athletes’ usual level they also reported higher levels of
anxiety symptoms than usual. Previous studies have demonstrated associations
between injury and anxiety (e.g., Gulliver et al., 2015; Junge & Feddermann-
Demont, 2016) but have primarily relied on cross-sectional designs. The
findings in this thesis extend our current knowledge by demonstrating that the
injury—anxiety association is evident not only between individuals, but also
within individuals over time.

Contrary to previous literature on injury and depression (Gouttebarge et al.,
2016; Lyon-Monk et al., 2025; Putukian, 2016), findings from Study 2 indicated
that occasions characterized by higher injury severity than usual were associated
with lower levels of depression symptoms. One possible explanation is that
Study 2 captured more immediate responses to injury than many previous
studies, potentially reflecting an earlier phase in the injury process. Whereas
prior studies have often examined psychological outcomes months after injury
occurrence, the repeated-measures design used in this thesis may better reflect
initial reactions to injury. It is possible that initial responses to injury may
involve heightened alertness or mobilization rather than withdrawal or low
mood, with depression symptoms potentially emerging later if the injury is
severe, recovery is prolonged or complications arise (Clement et al., 2015;
Putukian, 2016; Filbay et al., 2019). In line with biopsychosocial models, injury
responses are also likely influenced by individual appraisal processes, coping
strategies, and contextual factors, which may contribute to considerable
heterogeneity in psychological outcomes following injury (Hammer et al., 2021;
Wiese-Bjornstal et al., 2020). Moreover, no credible associations were observed
between injury severity and stress symptoms. One possible explanation is that
perceived stress reflects a broader range of concurrent demands in athletes’
lives, including academic, social, and sport-related pressures, making it less
sensitive to injury-related fluctuations alone (Wiese-Bjornstal et al., 1998).

Although the observed associations were small, their magnitude should be
interpreted in relation to the measurement of injury severity. Because injury
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severity was assessed on a 0—100 scale, the estimated effects represent changes
associated with a one-point increase in injury severity. Such a change is likely to
reflect only a minor difference in an athlete’s injury experience. Consequently,
small coefficients do not necessarily imply that injury severity is of limited
practical importance. More substantial increases in injury severity, such as
moving from no injury to an injury that substantially restricts participation,
performance, and causes pain may be associated with more meaningful changes
in psychological symptoms. In other words, injuries may need to be perceived as
sufficiently severe, entailing substantial consequences for participation and
performance and representing a marked deviation from athletes’ usual
functioning, before they influence mental health to a detectable or practically
relevant extent (Filbay et al., 2019; Putukian, 2016; Wiese-Bjornstal et al.,

1998).

Furthermore, the analyses demonstrated substantial heterogeneity in the
within-person associations, indicating that athletes differed considerably in
their psychological responses to changes in injury severity. This finding aligns
with biopsychosocial models proposing that injury responses are shaped by
individual, contextual, and situational factors (Wiese-Bjornstal et al., 1998).
Consequently, the average within-person effects reported here should not be
interpreted as representative of all athletes, as some individuals may experience
substantially stronger psychological responses to injury than others. One
potential explanation for the observed heterogeneity is athletes’ overall injury
exposure. Interestingly, the results tentatively suggest that within-person
associations between injury severity and mental health may differ depending on
athletes’ overall level of injury exposure. Although these effects were small and
uncertain, the association between injury severity and anxiety appeared weaker
among athletes reporting higher average injury severity across the season. One
possible interpretation is that athletes with more extensive injury experience
have developed coping resources or more realistic expectations regarding injury
and recovery, resulting in less pronounced emotional reactions to injury
fluctuations. Conversely, athletes with limited prior injury experience may
perceive injuries as more disruptive or uncertain. While speculative, this
interpretation is broadly consistent with theoretical perspectives emphasizing
the role of appraisal and coping processes in shaping injury responses (Hammer
et al., 2021; Wiese-Bjornstal et al., 1998, 2020). Further, the association
between injury severity and decreased depression symptoms was slightly
weaker among athletes with higher average injury severity. One possible
explanation is that potential immediate adaptive responses, such as
mobilization efforts following an increase in injury severity, may be less
pronounced among athletes who experience more severe or long-lasting
injuries. This could indicate that athletes with a higher average injury severity
experience a later phase of the injury process and therefore react differently to
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changes in injury severity, consistent with previous suggestions that injuries
affecting participation and performance over extended periods of time may
influence the magnitude of depression symptoms (Filbay et al., 2019;
Gouttebarge, 2016; Putukian, 2016). However, given the uncertainty
surrounding these findings, they should be interpreted cautiously and warrant
further investigation.

Importantly, responding to an injury with changes in mental health symptoms
is not equivalent to experiencing mental health problems. It should be noted
from a psychological perspective, that it is natural to respond to any given life
event with some degree of change in mental health status, and most clinical
diagnoses require a substantial impact on functioning for at least 14 days to be
classified as a mental health disorder (American Psychiatric Association, 2022).
When considering sport injury as a process with different phases, it has also
been acknowledged that, in order to progress through rehabilitation and the
return-to-play process, athletes must reconcile with and work through negative
emotions (Wiese-Bjornstal et al., 2020).

Injury prevention within the school context

A vast amount of research has examined the effectiveness of different injury-
preventive interventions, and many have shown promising results, suggesting
that we know quite a lot about what to do to reduce sport injuries (Akerlund et
al., 2020; Gabriel et al., 2019; Tranaeus et al., 2024). Findings from the
qualitative interviews with teachers also underscore this. Overall, the knowledge
of what to do and why to do it was generally high among the teachers,
particularly regarding physical injury prevention. They described using
standardized interventions such as Knee Control, modified programs combining
neuromuscular exercises with floorball-related warm-up exercises, and basic
strength training. However, it has been argued that effective implementation
and long-term sustainability of such interventions require more than simply
knowing what to do (Bolling et al, 2020; Gabriel et al., 2019; Moore & Evans,
2017). Increasing adherence has repeatedly been highlighted as a central
challenge in both theoretical and applied injury prevention research (Bahr et al.,
2015; Bolling et al., 2020; Chan et al., 2011; Lee et al., 2021; Akerlund et al.,
2023, 2024), and the floorball high school population studied in this thesis is
not an exception to this. Teachers described that youth athletes, although often
acknowledging the importance of injury prevention, still perceived preventive
exercises as “not real floorball” and were therefore less motivated to engage in
them. Unpublished data collected in the larger project which this thesis is a part
of, suggest that few of the participants use protective eyewear, and reasons for
not using it after the age of 16 spans reasons such as not being required to,

53



considered uncomfortable, or as suggested by some, “because it is ugly.” This
highlights an important aspect of adherence to behaviors and behavioral
change; our behaviors are often impacted by our own and the social
surroundings’ perceptions, attitudes, and norms (Ajzen, 1991; Ryan & Deci,
2017; Chan & Hagger, 2012b).

Strategies in teaching and enhancing learning

When changing behaviors, the urge to do so based on personal interest, values,
and enjoyment has repeatedly been linked to more positive and sustainable
results across contexts and behaviors (Ryan & Deci, 2017). Need-supportive
behaviors and environments, that is behaviors and environments which support
autonomy, competence, and relatedness are understood to facilitate the
satisfaction of basic psychological needs and, in turn, more self-determined
forms of motivation, and well-being (Standage & Ryan, 2020; Teixeira et al.,
2020). Findings from Study 3 suggest that teachers used autonomy-supportive
strategies such as variation in exercises, providing sense-making through
rationales, and offering choices. In addition, competence was supported
through progression of exercises and responsibility, whereas relatedness was
targeted through group format, student-led exercises, and to enable students to
learn together and help each other. Although student adherence or effectiveness
of the provided injury prevention was not evaluated in this thesis, the use of
similar need-supportive strategies have been linked to increased autonomous
motivation and sustainable prevention in prior studies (Chan & Hagger, 2012b;
Chiu et al., 2023; Lee et al., 2021; Parker et al., 2021). Aligning with SDT, the
teaching strategies described by the teachers in Study 3 can be interpreted as an
important prerequisite for students internalization of injury prevention, a
necessary foundation for behaviors that are wanted to persist when the school-
based structure is less present, as in after-school activities such as club-team
practices or in post-graduation senior elite floorball participation (Chan &
Hagger, 2012b; Hagger & Chatzisarantis, 2016; Lee et al., 2019). In further
support of this, Lee and colleagues (2021) used the trans-contextual model to
show that perceived need-supportive behaviors from teachers, similar to the
ones found in this thesis, were associated with students’ autonomous motivation
for injury prevention in school and indirectly transferred to autonomous
motivation for injury prevention outside of school.

Moreover, teachers found communication to be one of the most important tools
in their injury-preventive efforts. A recurring element was teachers’ reliance on
frequent, brief check-ins with students throughout the school week. These
micro-interactions served several preventive functions at once: they helped
teachers calibrate students’ current readiness and perceived strain, identify
early signs of problems, and maintain an ongoing sense of students’ physical
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and mental well-being. This teaching approach, focusing on relational support,
is likely to support students’ experience of being taken seriously and supported
in their development, and thus also contributing to more autonomous
motivation (Standage & Emm, 2014).

Another finding of practical importance from Study 3 is how teachers worked
with progression and responsibility for injury prevention. Teachers described a
deliberate shift from relatively intensive guidance in the first year toward
greater student autonomy and self-management later on, students were first
supported to acquire “the basics”, including knowledge, skill, and
understanding, and were then increasingly expected to plan, monitor, and take
ownership of parts of their development. Moreover, findings from Study 3
suggest that as students mature, they were expected to take a more active role in
interpreting bodily signals, deciding when recovery or adjustment was
warranted, and communicating this to relevant others across contexts (e.g.,
teachers, club coaches, parents). On the other hand, an important barrier that
needs consideration was also highlighted as teachers explicitly noted that not all
students were ready to take on this responsibility. This matters because too
much responsibility can unintentionally overburden students who lack either
the skills, confidence, or contextual permission to adjust load or speak up to
teachers in school or coaches in club teams. In SDT terms, responsibility
transfer without adequate structure may compromise competence experiences
and reduce sustained engagement (Ryan & Deci, 2017). This suggests that the
transition from teacher-led to student-led prevention during the learning
process must be sensitive to students’ readiness, resources, and the surrounding
environment’s capacity to support boundary settings, adjusting plans, and
tolerating short-term trade-offs for long-term development (e.g., prioritizing
recovery over games or practice). This need for individual adjustments aligns
with perspectives from Study 1 and 2, implying that there is a need for
consideration of individual variability also in injury prevention. Hence, fostering
autonomy does not mean withdrawing support at a specific time point, rather it
means providing the right form of support at the right time, including structure
that makes self-regulation possible.

Context-specific opportunities and challenges

Teachers highlighted that the organizational context, guided by injury
prevention as a part of the curriculum for the subjects required to be granted a
RIG or NIU status (SFS 2023:654), provided facilitators such as allocated time,
including enough time to conduct prevention exercises and to communicate
with students, appropriate facilities, and the opportunity for regular practices.
In contrast, all these factors, particularly different kinds of time-constraints, are
known barriers to injury prevention in club-contexts across sports (Andersson
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et al., 2019; Barden et al., 2021; Donaldson et al., 2017; Ivarsson, 2021; O’Brien
et al., 2021). This suggests that the school context may provide more feasible
opportunities for sport injury prevention implementation and learning than the
club context.

Although motivational aspects are important for behavioral change, the
formation of preventive behaviors, strategies, and exercises into habits is also
central to behavioral change theories (Hagger, 2019). This may be especially
important in contexts where youth athletes perceive preventive components as
less sport-relevant than sport-specific training and therefore not sufficiently
enjoyable to support autonomous motivation (Lee et al., 2019; Akerlund et al.,
2023, 2024). As such, the school context with regular lessons every week may be
an optimal context for habit formation, providing repeated use of exercises in
stable contexts, paired with cues (e.g., consistent placement in a session), to
reduce reliance on moment-to-moment motivation and support maintenance
(Hagger, 2019; Orbell & Verplanken, 2020). Also, it is likely that different kinds
of injury-preventive behaviors need different kinds of learning strategies due to
the diverse nature of injuries. Thus, some need repetition of specific exercises to
strengthen muscles or improve balance, and in such cases habit formation may
be useful, whereas other injuries are prevented by recovery practices or rest and
in such cases the use of dialogue and competence support by increased
knowledge and awareness might be more beneficial. Further, teachers
highlighted the role of feedback, with correcting technique, reinforcing quality,
and sometimes using technology to visualize progress and support learning. In a
prevention context, this is highly relevant because doing exercises regularly and
doing exercises correctly are not equivalent behaviors, yet both are important
for preventing injuries (Perera & Hagglund, 2020).

A challenge communicated across interviews and shared by most teachers
related to the organization of floorball high schools and club teams in Sweden,
where students typically train in one practice environment at school and in one
or more separate practice environments outside school. In many cases, the club
coaches and schoolteachers are not the same individuals. This makes it difficult
for teachers to maintain a full picture of cumulative exposure. In practice, this
had implications for school-based load decisions: teachers reported needing to
be cautious in how much additional load they imposed during school lessons
because students might already be fatigued from evening practices and games.
This observation underscores that load and athlete well-being management is
not merely an individual athlete behavior but a coordination problem
dependent on information flow and shared decision-making across contexts
(Bergeron et al., 2024; O’Brien et al., 2021; Soligard et al., 2016). Teachers also
described communication with club coaches as essential for keeping students’
best interests, health, and development in focus, but they highlighted barriers
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that made such communication difficult to establish and sustain. A recurring
theme was the presence of competing priorities, as club-level incentives to
prioritize practices and games could conflict with school demands such as
attendance and academic grading requirements. Additionally, teachers
described cross-context dialogue as constrained by limited time, especially given
the voluntary nature of many coaching roles in club sport. Critically, findings
also suggested that the feasibility of school—club coherence varied substantially
across settings depending on the context. Some teachers worked with students
spread across many clubs, making systematic communication highly time-
consuming, whereas others operated in environments with high overlap
between school and club teams, which reduced coordination demands. In some
cases, dual roles (e.g., teachers also being part of the club coaching
environment) naturally facilitated shared understanding and easier
coordination. From a behavioral perspective and with implementation strategies
such as knowledge-to-action perspective, this points to sustainable injury
prevention in school and outside of school as a system that benefits from
routinised collaboration mechanisms adapted to the local context (Graham et
al., 2006; Donaldson et al., 2017; Moore & Evans, 2017). For example, in
environments where each school has students from many different clubs,
systematic communication routines may be needed to reduce coordination
burden, whereas in high-overlap environments, shared principles around load
decisions and communication behaviors may be easier to establish and
maintain. Across settings, the focus may be less on adding new content and
more on creating structures that support maintenance such as predictable
routines for exercise completion and quality feedback, shared expectations for
when to adjust load, and legitimized pathways for students to communicate
needs both within school and in club contexts.

Practical implications for youth floorball

Collectively, the results highlight that responsibility for athlete health, injury
prevention, and well-being is distributed across individuals, relationships, and
organizational structures rather than residing with any single actor.

At the athlete level, the findings suggest that good physical performance and
mental health do not necessarily protect against injury. This indicates that
injury prevention efforts should not focus solely on athletes displaying clear
deficits or difficulties but also consider athletes who are perceived as highly
capable and resilient. From an individual perspective, the results underscore the
importance of supporting youth athletes in developing knowledge and
awareness related to sustainable sport participation, including injury
prevention, training load, recovery, psychological aspects, and early signs of
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overload. However, responsibility for managing these demands cannot
reasonably be placed on the athlete alone.

Gender differences in mental health symptoms were observed, with female
students reporting higher average scores. While this pattern reflects broader
societal trends and population-based findings, it remains relevant within a sport
context where demands related to performance, evaluation, and comparison are
central. Although it should be noted that in general, the athlete population in
this thesis express positive mental well-being, and sport may function as an
important arena for promoting mental health through physical activity, positive
relationships, and personal development, it may also increase vulnerability to
symptom escalation under conditions of sustained pressure (Henriksen et al.,
2026). In addition, previous studies have highlighted stigma and gendered
expectations that may discourage the reporting of psychological distress among
males, underscoring the need not to dismiss males' symptoms as absent or non-
existent (Doherty et al., 2016; Rice et al., 2018). The finding that all youth
athletes do not respond equally to injury further underscores the need for
individualized approaches. This places particular responsibility on adults in the
athletes’ close environment, such as parents, coaches, and teachers, to recognize
varied responses to injury and to adjust support accordingly rather than
assuming uniform reactions or needs.

At an organizational level, the findings also point to important implications for
injury prevention practice. The Swedish Floorball Federation has invested
substantial resources in injury prevention education for coaches and
practitioners, and previous research has demonstrated positive preventive
effects in youth floorball athletes (Akerlund et al., 2020, 2024). Results from
this thesis suggest that NIU and RIG environments may serve as valuable
arenas for repeatedly practicing preventive exercises and for developing
knowledge about recovery and psychological aspects that need to accompany
physical training. Teachers described the use of need-supportive strategies that
align with key components of the federation’s coach education programs,
suggesting a degree of conceptual consistency across contexts.

At the same time, teachers highlighted challenges related to shared
responsibility and communication when sporting activities are distributed
across school and club settings. Although these experiences are reported from
the teachers’ perspective, similar challenges are likely to be present among club
coaches, who may face different constraints but share responsibility for the
same athletes. This fragmentation underscores the need for structured and
supported communication pathways across contexts. From a system
perspective, sport federations may therefore play an important role in
facilitating context-specific communication through guidelines and
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recommendations that clarify roles and expectations related to athlete
development and health. Highlighting the importance of coordinated
responsibility across individual, relational, and organizational levels represents
one way in which this thesis may contribute to ongoing efforts to support
sustainable participation and health in youth elite sport.

Methodological considerations

The present thesis is based on a longitudinal mixed-methods design to examine
injury risk, psychological responses to injury, and injury prevention in elite
youth sport. Detailed descriptions of analytic decisions, methodological cutoffs,
and study-specific limitations are provided in the individual papers.
Accordingly, the purpose of this section is not to repeat those technical
considerations, but to reflect on broader methodological choices, their
implications for interpretation, and the boundaries of the conclusions that can
be drawn from the thesis.

First, the consensus sport injury definitions from Fuller et al. (2006) were used
in this thesis. In Study 1, the definition of acute and overuse injury was
combined with the definition for time-loss injury, measured by single-item
questions (one for acute injury, one for overuse). In Study 2, injury was
conceptualized as any physical complaint affecting participation in regular
training, modification of training, pain, or performance in relation to sport
(Clarsen et al., 2020; Fuller et al., 2006), measured as a continuous variable of
injury severity but also analyzed as a binary variable. This allowed for
investigation of injury as both an on-off state and a continuous spectrum with
gradual effect on athletes, as it has been noted in the literature that an athlete’s
recognition and psychological response to an injury might differ between types
of injury (Clement et al., 2015; Tracey, 2003), and severity of injury, including
aspects related to time loss (Putukian, 2016; Filbay et al., 2019). Still, although
this provides a theoretically clear definition and conceptualization of injury,
how the individual athlete defines injury might differ substantially, and be
affected by norms formed and reinforced in the sport context (Jacobsson et al.,
2023). This might have resulted in over-, but probably more underreporting of
injuries, particularly in the postseason retrospective measures in Study 1.

The next consideration concerns what a risk factor is. It is not straightforward to
answer even with prior research support, technology, statistical approaches, or a
large sample size. It will also depend on how you conceptualize it, define it, and
decide to measure it. Take mental health as an example, it has been argued that
the use of different definitions and a mix-up of symptom ratings (self-reports)
or clinical diagnosis (assessed by professionals), makes comparisons of mental
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health problems in athletes hard (Ekelund et al., 2022; Lyon-Monk et al., 2025).
In the present thesis, mental health was conceptualized as depression symptoms
(Study 1 & 2), anxiety symptoms (Study 1 & 2), and stress symptoms (Study 2)
measured by self-reports using validated questionnaires. This comes with pros
and cons, and the results in this thesis should be interpreted with those in mind.
First, the results say nothing about clinical diagnosis, and it should be noted
that there was no intention of doing so, which made self-reports a feasible,
convenient measure for a nationwide data collection. Nonetheless, self-report
measures are subject to well-known potential limitations, including common
method bias, recall bias, and social desirability effects (Podsakoff et al., 2024;
Tourangeau et al., 2000). Several attempts were made to reduce these
limitations, including the use of repeated measures separated over time,
biweekly assessments conducted in close proximity in time to potential events,
and anonymity of participating students in relation to teachers.

Third, the intensity of the longitudinal measurements needs to be considered.
Weekly and biweekly assessments were chosen as an addition to the traditional
preseason and postseason measures, to reduce the long “black boxes”
characteristic of many injury and mental health studies (Gouttebarge et al.,
2019). The number of questions were chosen based on providing enough
information on the topic of interests, but not to be too intrusive or time-
demanding, which is often a reason for drop-out and missing data in
longitudinal studies (Bolger & Laurenceau, 2013). Importantly, a feasibility
evaluation conducted toward the end of the project suggested that most
participating athletes experienced the repeated measurements as manageable
and, in some cases, even engaging. Further, the questionnaires were completed
in a smartphone application designed for research purposes but similar to an
app commonly used for training planning in Swedish floorball contexts. This
was done to increase feasibility for youth athlete participation as previous
studies of similar populations have suggested that this generation may be more
familiar with smartphone applications than responding to emails (von Rosen,
2017). To prevent participants from forgetting to report data, reminders were
sent out weekly, and in addition, teachers were encouraged to remind all
students at-site in schools. Further, regularly, federation-supported reminders
were sent to schoolteachers, and twice during the project a specific reminder
with a video from a member of the national floorball team was sent to students
to encourage them to fill out weekly and biweekly questionnaires. Despite these
efforts, missing data were present at the item level, at biweekly occasions, and
across measurement waves. This is a common challenge in longitudinal field
studies, especially in school-based settings and over extended time periods.
However, both Study 1 and Study 2 used estimation methods (FIML and
Bayesian estimation) well suited to handle missing data in longitudinal studies
(Enders, 2022; Gelman et al., 2013; Muthén & Muthén, 1998-2017).
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Moreover, this thesis employed advanced analytical approaches, including
person-centered methods and multilevel longitudinal models, to better capture
heterogeneity and within-person change over time. While such approaches
allow for more nuanced analyses than traditional cross-sectional or single-level
models, they do not eliminate limitations related to measurement sensitivity.
The self-report instruments used were validated for assessing mental health
symptoms; however, they were not specifically designed to detect subtle, short-
term fluctuations assessed at relatively short intervals (Bond & Wickham,
2023). The changes observed over time were generally small in magnitude,
which may partly reflect that the questionnaires were designed to capture more
stable aspects of mental health rather than fluctuations in symptoms. Going
forward, using single-item or abbreviated measures specifically developed for
intensive longitudinal designs might better capture such fluctuations (Ekelund
et al., 2025; Reifsteck et al., 2021).

When thinking about time, the temporal relationship between injury and
psychological responses investigated in Study 2 also needs consideration. The
longitudinal design allowed for examination of associations across repeated
measures over time, but the analyses conducted were not designed to identify
precise time-lags or causal ordering between events. Associations were
examined contemporaneously, reflecting an initial aim to establish whether
meaningful relationships existed at all. The optimal temporal lag between injury
occurrence and changes in mental health remains poorly understood, with prior
research suggesting both short-term and longer-term processes. Given that
research on optimal time-lags for detecting cross-level effects recommends
shorter intervals to capture dynamic processes (Dormann & Griffin, 2015) and
considering the lack of studies designed to investigate fluctuations in mental
health and injury consequences throughout competitive seasons (Clement et al.,
2018, 2021; Lyon-Monk et al., 2025), in Study 2, a biweekly time-interval
during one competitive season was chosen. Biweekly assessments were
considered frequent enough to detect short-term variations in mental health
symptoms and injury severity, while also allowing time for psychological states
to change and injuries to manifest or evolve (Gabbett, 2016; Lin et al., 2024;
Tranaeus et al., 2024). Hence, the chosen assessment interval represents a
theoretically informed but ultimately pragmatic compromise. Consequently,
observed associations should be interpreted as time-linked rather than
temporally directional, and claims regarding causal sequences cannot be made.

Another source of potential variability and bias in this thesis stems from
physical field test administration. Although efforts were made to standardize
test procedures through common protocols, recommended warm-up routines,
and guidance to test administrators, data collection necessarily relied on
multiple teachers in school sport across different schools. Despite limited
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reported deviations from recommended procedures, unreported variation may
have influenced test reliability. This potential limitation should be considered
alongside the familiarity of these tests among teachers and students, which
likely supported ecological validity and feasible implementation across settings.
In addition, at a more conceptual level, the interpretation of physical field tests
as indicators of injury risk warrants caution. Although such tests are routinely
used in team sports and are often assumed to reflect underlying injury
susceptibility, empirical evidence relating field test performance to injury
occurrence is mixed. In several team sports, both lower and higher performance
characteristics have been associated with injury risk (Gabbett & Domrow, 2005;
Chalmers et al., 2013), while other studies report no clear associations (Moseid
et al., 2019). Thus, inconsistencies across sports, age groups, and study designs
indicate that field test performance alone is unlikely to provide reliable
predictions of injury risk. Instead, these measures are likely to represent one
component within a broader constellation of risk factors, as used in this thesis.

The qualitative component of the thesis focused on teachers’ experiences of and
strategies for implementing injury prevention in the school context.
Incorporating the teachers’ perspectives into the thesis, in addition to the
quantitative studies of youth athletes, was a deliberate choice in line with the
thesis idea that injury-related questions in the school context are best
understood through multiple perspectives. Teachers occupy a central
organizational and pedagogical role in elite sport high schools and are key actors
in shaping everyday practices (Ferry, 2016). Focusing on this group allowed for
in-depth exploration of contextual constraints, priorities, and behavioral
strategies. At the same time, the absence of athletes or club coach perspectives
limits the breadth of qualitative insight. Athlete and club coach experiences of
prevention and cross-context coordination may differ in important ways from
those of teachers. Hence, these perspectives would address complementary
research questions and could be an important avenue for future research.

Finally, it is important to clarify what the present thesis design does not allow.
The thesis does not establish causal relationships, identify specific psychological
mechanisms, or determine which intervention strategy is better than another.
Taken together, the methodological choices made in this thesis reflect a
deliberate attempt to address a complex, multifaceted problem using
complementary approaches. While each method has limitations in isolation,
their combination allows for a more comprehensive understanding of injury
risk, psychological responses, and prevention in elite youth sport.
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Transferability of findings

The empirical work in this thesis was conducted within the context of certified
elite sport high schools in Sweden, a system characterized by municipal
governance, national educational regulation, and an explicit emphasis on
balancing academic and sport development rather than producing professional
athletes (Ferry et al., 2013; Lund, 2014). It has been acknowledged in recent
research that sports schools across Europe share some common ground in their
ambition to develop both sport performance and academic skills, as well as in
their strategies to do so, for example through flexible scheduling and the
possibility of prolonged study time by adding an extra year, which is more
common in Sweden for individual sports than for team sports. However, large
differences between educational systems and school curricula make
comparisons difficult (Andersson, 2024). Some findings in this thesis might
therefore be context-specific, particularly those related to organizational
opportunities, time resources, and the role of teachers in school sports in injury
prevention. However, several core processes identified in this thesis, such as
dynamic injury risk, variability in psychological responses, challenges in
monitoring load, and strategies for promoting and sustaining preventive
behaviors, are unlikely to be unique to this context. Similar dynamics can be
expected in other elite sport education systems, in club-based youth sport
environments, and potentially in adult team sport contexts as well.

Conclusion

To conclude, this thesis demonstrates that injury processes in youth elite sport
are multifactorial and shaped by the interaction of physical, psychological, and
contextual factors. The findings further suggest that athletes differ in how these
factors combine, highlighting the importance of understanding injury risk as a
dynamic within-person process rather than as a set of isolated risk factors. At
the same time, the results show that high physical performance does not
necessarily protect against injuries. Rather, high-performing athletes may be
particularly exposed to injury risk owing to factors such as higher training loads
and greater participation in training and competition. This challenges the
notion that injury prevention should primarily target individuals with deficits
and instead highlights the need for a broader and more nuanced approach that
includes all athletes. The findings also suggest that mental health in youth
athletes varies over time and is associated with injury experiences, although the
strength of these associations differs between individuals. While the observed
associations were relatively small, they indicate that injuries may influence
psychological well-being and that changes in injury severity can co-occur with
changes in mental health. Together, these findings emphasize the value of
adopting a within-person perspective in which both injury risk and well-being
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are understood as processes that change over time and in relation to an athlete’s
contextual circumstances.

Overall, the results suggest that both injury prevention and the management of
injuries that have already occurred needs individual adaptions. At the same
time, the findings indicate that certain situations and phases may warrant
particular attention, such as periods of high training load or the occurrence of a
first-time injury. In addition, this thesis provides insight into how injury
prevention is conducted in practice within elite floorball high schools, with
teachers emphasizing that successful injury prevention efforts need to be
meaningful, varied, and integrated into everyday activities. A recurring
challenge was helping youth athletes balance training load and recovery in an
environment where demands from both school and club sport interact. These
findings point to a need for clearer organizational guidelines regarding load
management and communication between schools and clubs to reduce
conflicting demands on athletes.

Future recommendations — What’s next?

An important area for future investigation concerns the role of load in
understanding both injury risk and mental health outcomes among students at
elite floorball high schools. The results from Study 1 may, at least in part, be
influenced by differences in training and competition load experienced by
students across profiles. Findings from Study 2, indicate higher levels of
depression, anxiety, and stress symptoms early on in the school-year season,
potentially related to findings in other studies of high school athletes in Sweden
where both academic demands and training frequency has been shown to
increase during this period (Stambulova et al., 2015; von Rosen, Heijne et al.,
2018). In parallel, findings from Study 3 indicate that managing overall load,
including both physical and psychological aspects, represents one of the most
significant challenges encountered by teachers. Together, these findings raise
questions about how total load should be conceptualized, measured, and
managed in this context. Many students experience training loads typically
involving an average of three weekly school-based training sessions in special
sports, in addition to two to three regular physical education lessons each week
within the school context. This is further compounded by extensive club-based
training and competition, with most students practicing several evenings per
week and participating in one or multiple games during weekends. Teachers
described that overall load often increases rapidly during the first year, when
additional school-based training effectively duplicates the amount of practice
exposure for some students. Such rapid increases in load have previously been
associated with elevated injury risk (Gabbett, 2016). Although teachers reported
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attempts to manage these demands by introducing flexibility and reducing
training intensity or content for students experiencing high load, it remains
unclear whether such strategies are effective. While extensive research supports
an association between load and injury risk, suggesting that inappropriate
loading may impair decision-making, coordination, and neuromuscular control
(Soligard et al., 2016), simply reducing training volume may not represent a
straightforward solution (Gabbett, 2016). Both excessive training loads that
compromise recovery and insufficient loads that leave athletes unprepared for
competitive demands have been linked to increased injury risk (Gabbett, 2016).
Future research is therefore needed to examine how different load-modification
strategies influence injury risk, recovery, and psychological well-being over
time.

Another important direction for future work concerns communication and
responsibility related to athlete health and development. Findings from Study 3
suggest that responsibility for regulating load is often fragmented, as teachers
and club coaches are typically not the same individuals. In the current Swedish
youth floorball context, there are no formal regulations governing the number of
games youth players are allowed to participate in each week. As a result,
responsibility for managing overall load and recovery frequently falls on
individual players, club coaches, or, in the case of school sports, teachers. From
a broader systems perspective, future research should therefore also consider
the role of sport federations in supporting coordination across contexts.
Federations may have an opportunity to facilitate context-specific
communication by providing guidelines, recommendations, or regulatory
frameworks that clarify roles, responsibilities, and expectations related to
athlete health across school and club environments. Such structures could
support schools, clubs, and athletes in aligning training and competition
demands, in combination with ongoing academic demands, while still allowing
for local adaptation. Investigating how federation-level guidelines or rules
influence communication, shared responsibility, and load-related decision-
making represents an important avenue for future research, particularly in
youth elite sport systems that aim to promote both performance development
and long-term health.
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