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Summary

Introduction

Handball is a team throwing sport characterised by frequent and rapid changes of movement,
high intensity running efforts, cutting and jumping, frequent physical contact between opponents
and repeated overhead throwing at high velocity. Considering injury risk, the shoulder region has
been highlighted as an area warranting preventative efforts, especially in regard to overuse
injuries, with reduced glenohumeral rotation, external rotation weakness and obvious scapular
dyskinesis suggested as modifiable risk factors. Furthermore, players have been reported to be at
high risk of acute injuries, especially during matches, with a lack of knowledge on their

mechanisms.

The main aim of this dissertation was to inform injuty prevention efforts in elite handball, with

an emphasis on overuse shoulder injuries specifically and acute injury mechanisms in general.

Methods

This dissertation is based on two separate research projects. In the first project (Paper I, 1T and
III), we evaluated the effect of an exercise programme developed to prevent overuse shoulder
injuries in a cluster-randomised controlled trial including elite handball players (Paper I) and
assessed whether previously identified risk factors could be confirmed in a prospective risk factor
study including the players in the control group (Paper II). The exercise programme was designed
to increase glenohumeral internal rotation, external rotation strength and scapular muscle
strength, as well as improve kinetic chain and thoracic mobility. Towards the end of the
intervention period, we also examined the end-user perspective on prevention of shoulder
injuries, as well as key issues related to the application of the exercise programme (Paper III).

In the second project (Paper IV), we described acute injury mechanisms and evaluated referee
performance based on prospective video analysis of acute injury situations during the 24™ Men’s

Handball Wold Championship in 2015.

Main results

In Paper I, the exercise programme was found to reduce the risk of shoulder problems by 28% in
the intervention group compared with the control group (OR 0.72, 95% CI 0.52 to 0.98). In
Paper 11, no significant associations were found between total rotation (OR 1.05 per 5° change,
95% CI 0.98 to 1.13), external rotation strength (OR 1.05 per 10 N change, 95% CI 0.92 to 1.20)
or obvious scapular dyskinesis (OR 1.23, 95% CI 0.25 to 5.99) and overuse shoulder injury. A
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significant positive association was found between greater internal rotation (OR 1.16 per 5°
change, 95% CI 1.00 to 1.34) and overuse shoulder injury. In Paper III, we found that the
majority of coaches (84%) and captains (89%) believed that handball players are at high risk for
shoulder injuties. All delivery agents in the trial were familiar with the exercise programme and
the majority believed in a preventative effect (coaches 90%, captains 81%). Only a minority
reported full compliance with the recommended frequency (coaches 29%, captains 14%), with
the programme being too time consuming (coaches 67%, captains 81%) and lack of player
motivation (coaches 76%, captains 62%) as the main barriers. In Paper IV, we found acute
injuries (n=>55) to be evenly distributed among attackers (n=29) and defenders (n=206). At the
time of injury, attackers were most frequently performing a jump shot (n=9), while defenders
were completing a tackle (n=10). Agreement between the referees and the expert panel was weak
(kappa: 0.22, 95% CI 0.07 to 0.36), with substantially more lenient rule interpretation by the

referees.

Conclusions

The exercise programme reduced the risk of shoulder problems in elite handball and should be
included as a part of the warm-up routine, with programme length and lack of player motivation
as the main barriers to overcome. We could not confirm any of the risk factors previously
reported to be associated with shoulder injuries in elite handball. Stricter refereeing and rule
amendments should be considered to prevent acute injuries in elite handball, especially in relation

to tackling episodes where an attacker is performing a jump shot.
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Sammendrag (Summary in Norwegian)

Introduksjon

Flere undersokelser har vist hoy forekomst av skulderproblemer i hindball, i hovedsak
overbelastningsskader. En undersokelse blant mannlige elitehandballspillere viste at redusert total
rotasjonsbevegelighet og lav utadrotasjonsstyrke i glenohumeralleddet, samt tydelig scapula
dyskinesi, okte risikoen for skulderproblemer, og forfatterne konkluderte med at fremtidige
studier burde undersoke den forebyggende effekten av et treningsprogram rettet mot disse
faktorene. Videre er det rapporter at handballspillere er utsatt for en hey andel av akutte skader,
spesielt i kampsituasjon. Til tross for dette finnes det lite kunnskap om hvordan disse skadene

oppstar.

Formalet med denne avhandlingen var 4 oke kunnskapsgrunnlaget omhandlende forebygging av
skader i elitehandball med hovedvekt pa skulderproblemer. Videre onsket vi 4 undersoke

hvordan, og i hvilke spillsituasjoner, akutte skader oppstar under kamper.

Metode

Denne avhandlingen er basert pa to forskningsprosjekt. I det forste prosjektet (Undersokelse I, 11
og III) gjennomforte vi en randomisert kontrollert studie for 4 undersoke effekten av et
forebyggende treningsprogram rettet mot 4 redusere risikoen for skulderproblemer i elitehdndball
(Undersokelse I). Treningsprogrammet inneholdt ovelser for okt innadrotasjonsbevegelighet og
utadrotasjonsstyrke i glenohumeralleddet, ovelser rettet mot okt styrke i scapulamuskulatur, samt
ovelser rettet mot den kinetiske kjede og okt thorakal mobilitet. Samtidig gjennomferte vi en
prospektiv undersokelse i kontrollgruppen for 4 utforske om vi kunne bekrefte risikofaktorene
som tidligere er rapportert 4 oke risikoen for skulderproblemer (Undersokelse II). Mot slutten av
intervensjonsperioden undersokte vi ogsa erfaringer, holdninger og nivarende praksis til
forebygging av skulderproblemer blant trenere og kapteiner, samt gransket hvordan
intervensjonslagene opplevde 4 gjennomfore treningsprogrammet (Undersokelse IIT). I det andre
prosjektet (Undersokelse IV) undersokte vi hvordan, og i hvilke spillsituasjoner, akutte skader
oppstod under handball-VM for menn i 2015. I tillegg undersokte vi hvilke avgjorelser
dommerne tok i forbindelse med skadesituasjoner og sammenlignet disse med vurderingene til et

eksternt dommerpanel bestiende av tre eksperter.
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Hovedresultat

Treningsprogrammet som ble evaluert i Undersokelse I viste en 28% lavere risiko for
skulderproblemer i intervensjonsgruppen sammenlignet med kontrollgruppen (OR 0.72, 95% CI
0.52 il 0.98). Vi observerte ingen signifikant assosiasjon mellom de tidligere rapporterte
risikofaktorene og skulderproblemer (Undersokelse II): total rotasjonsbevegelighet (OR 1.05 per
5° endring, 95% CI 0.98 til 1.13), utadrotasjonsstyrke (OR 1.05 per 10 N endring, 95% CI 0.92 til
1.20), tydelig scapula dyskinesi (OR 1.23, 95% CI 0.25 til 5.99). En signifikant positiv assosiasjon
ble observert mellom okt bevegelighet i innadrotasjon (OR 1.16 per 5° endring, 95% CI 1.00 til
1.34) og skulderproblemer. Flertallet av trenere (84%) og kapteiner (89%) som var inkludert i
Undersokelse IIT rapporterte at hindballspillere har hoy risiko for skulderproblemer. Alle
trenerne og kapteinene i intervensjonslagene var kjent med treningsprogrammet de skulle
gjennomfore og flertallet hadde tro pa at programmet ville ha en forebyggende effekt pa
skulderproblemer (trenere 90%, kapteiner 81%). Kun et mindretall rapporterte 4 gjennomfore
programmet med den anbefalte hyppigheten (trenere 29%, kapteiner 14%)). For tidskrevende
program (trenere 67%, kapteiner 81%) og mangel pa motivasjon blant spillerne (trenere 76%,
kapteiner 62%) ble fremhevet som de viktigste barrierene for 4 lykkes med implementering. I den
siste undersokelsen (Undersokelse IV) observerte vi at de akutte skadene (n=55) var likt fordelt
mellom angripende (n=29) og forsvarende spillere (n=26). Mesteparten av skadene blant
angripende spillere oppstod idet de gjennomforte et hoppskudd (n=9). Mens flertallet av
forsvarende spillere padrog seg skader idet de gjennomferte en takling (n=10). Det ble avdekket
at dommernes avgjorelser samsvarte darlig med ekspertpanelets vurderinger av skadesituasjoner
(kappa: 0.22, 95% CI 0.07 til 0.36). Sammenlignet med ekspertpanelet vurderte dommerne ferre

situasjoner som brudd pa reglementet og benyttet betydelig ferre sanksjoner.

Konklusjon

Treningsprogrammet reduserte risikoen for skulderproblemer i elitehindball og ber inkluderes
som en del av oppvarmingsrutinene. Trenere og kapteiner er enige om at spillere har hoy risiko
for skulderproblemer og har tro pa at programmet kan ha en forebyggende effekt, men for 4
lykkes med utbredt implementering bor lengden pa programmet reduseres og tiltak for 4 oke
spillernes motivasjon for 4 gjennomfore programmet bor utforskes. Ingen av de tidligere
identifiserte risikofaktorene for skulderproblemer ble bekreftet. Strengere demming og
regelendringer bor vurderes for 4 redusere risikoen for akutte skader. Disse initiativene bor

spesielt rettes mot spillsituasjoner der angtipende spillere gjennomferer et hoppskudd.
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Introduction

Introduction

The characteristics of handball

Handball, also referred to as team handball in the literature, is a worldwide team throwing sport
played by both sexes across different age levels. The International Handball Federation (IHF) has
190 official member federations comprising 1 952 000 teams and more than 27 million players
(IHF, 2013). Modern indoor handball arose towards the end of the 19" century with Denmark,
Germany and Sweden considered as the main pioneering countries. In 1938, the first World
Handball Championship was hosted in Germany, and in 1946 Denmark, Finland, France, the
Netherlands, Norway, Poland, Sweden and Switzerland founded the IHF on the initiative of
Denmark and Sweden. In 1972, men’s handball was introduced as an Olympic team sport,

followed by women s handball in 1976 (IHF, 2013).

In Norway, handball was first introduced in 1936 by a Swedish sports club visiting Oslo and in
1937 the Norwegian Handball Federation (NHF) was founded with the first national
championships arranged in 1938 for women and in 1939 for men (NHF, 1997). Today, there are
more than 127 000 registered players in the NHF, which ranks handball as the third most popular
organised sport in Norway (Idrettsforbund, 2017; NHFE, 2017b). Of the 7 900 teams registered in
the NHF, 144 compete in the national league system, ranked according to their skill level in three
divisions (~ 2 300 players). For each gender, 12 teams play in the elite division, 12 teams in the 1*
division and 12 teams in each of the four 2™ division conferences. Each division and confetence
competes in a double round-robin system from mid September through March, with play-offs
and qualifications in April and May. In addition, a single-elimination tournament for the
Norwegian Cup Championships is completed during the season, and high ranked teams from the
previous season also compete in European tournaments organised by the European Handball
Federation (NHF, 2017a). Typically, teams in the elite division practice five to ten times per week
(each session lasting + 1.5 h) and play 60 to 80 matches during the season, including league,
tournament, cup and training matches. Teams in the 1% and 2™ division practice between two to

five times per week and play 30 to 60 matches.



Introduction

Match play

A handball match involves two teams consisting of 14 players each, with the objective of scoring
more goals than the opposing team. No more than seven players from each team may be present
on coutt at the same time, with unlimited number of substitutions permitted throughout the
match. The playing court is 40 m long and 20 m wide, with three back players, two wing players,
one line player and one goalkeeper as the standard distribution of coutt player positions.

An official match is divided into two 30-minute (age >16), 25-minute (age 12-16) or 20-minute
(age 8-12) halves with a half-time break of 10 minutes. During official matches, two referees with

equal authority ensure that players comply with the IHF Rules of the game (IHF, 2016).

The two main playing phases during a match are attack and defence. The team in possession of
the ball is considered as the attacking team, whereas the opposing team is the defending team.
The defensive phase is further divided into return and organised defence, whereas the attacking
phase is divided into counter-attack (fast break) and organised attack. The counter-attack is
featured by the attacking team’s effort to overtake the defending team during their return phase,
typically immediately after winning ball possession (e.g. after successful defence or goalkeeper
save). Organised attack occurs when the counter-attack is unsuccessful and the opposing team is
able to organise their defence. Based on the average number of ball possessions during matches
at the elite level, it is estimated that defence and attack phases alternate every 22 to 36 s (Karcher

& Buchheit, 2014).

Physical demands

The physical demands during matches encompass running, jumping, pushing, change of direction
and handball specific movements of passing, catching, throwing, cutting, tackling and blocking
(Povoas et al., 2012; Michalsik et al., 2013; Michalsik et al., 2014). In elite handball, the mean total
distance covered per match is reported to be 3 627 m with an average speed of 6.4 km/h among
male players and 4 002 m with an average speed of 5.3 km/h among female players (Michalsik et
al., 2013; Michalsik et al., 2014). High-intensity running is demonstrated to constitute about 8%
of the total distance covered by males and 3% by females, and in both sexes, more than 70% of
the playing time is reported to consist of low intensity activities (standing still, walking), 22% to
26% is moderate (backwards running, jogging, running, sideways movement) and 1% to 2% is
high intensity activities (fast running, sprinting) (Michalsik et al., 2013; Michalsik et al., 2014).
However, based on heart rate analysis, players are reported to spend more than half of the
effective match time above 80% of their maximal heart rate and less than 7% below 60% of their

maximal heart rate (Povoas et al., 2012). On average, male players perform 1 482 activity changes

2



Introduction

during a match, whereas female players perform 663 (Michalsik et al., 2013; Michalsik et al.,
2014). One-on-one situations, i.e. duels between players, is reported to be common with an
average frequency of 20 per player per match (Povoas et al., 2012). Hard and light tackles by the
defending players have been reported with an average frequency of 6 to 15 per player per match

(Michalsik et al., 2015).

Throwing performance

Fast and accurate throwing is an important skill for handball players, and training to enhance
throwing performance is a key activity in the sport (Van Den Tillaar & Cabri, 2012). At the elite
level, players are reported to perform an average of 101 passes and 18 shots per training hour (~ 1
200 throws per week), and between 18 to 94 passes and 7 to 8 shots per match, with the majority
of shots performed as overhead throws (88%) (Povoas et al., 2012; Prestkvern, 2013; Karcher &
Buchheit, 2014; Michalsik et al., 2015).

The overhead throwing motion is described as a complex activity that involves the whole body to
achieve optimal throwing performance, i.e. high velocity and accuracy (Weber et al., 2014). It has
been suggested that throwing with maximum velocity is best performed with a temporal
progression of the segmental and joint movements involved in a proximal-to-distal sequence,
allowing optimal transfer of energy and momentum from the ground through the lower
extremities, pelvis and trunk to the throwing arm (Herring & Chapman, 1992; Marshall & Elliott,
2000). The linkage that allows for this sequential transfer of energy is described as the kinetic
chain, which optimally maximises the ground reaction force and creates a stable proximal base

for distal arm mobility (Sciascia et al., 2012; Chu et al., 2016).

Although details of the throwing motion vary among different sports, the general kinematics,
originally desctibed for baseball pitching, are considered comparable and traditionally divided
into six phases: wind-up, stride, arm cocking, acceleration, deceleration and follow-through
(Dillman et al., 1993; Van den Tillaar & Ettema, 2007). During the wind-up, the thrower rotates
the pelvis and trunk towards the throwing arm while transferring weight onto the stance leg
(same side as throwing arm), followed by the stride phase, where the stride leg (opposite of
throwing arm) is extended towards the target while external rotation and abduction is initiated in
the throwing shoulder (Weber et al., 2014). Subsequently, when the stride foot contacts the
ground, the shoulder progresses towards maximal external rotation in an abducted position with
the elbow flexed (arm cocking), followed by the acceleration phase, where the trunk and pelvis is
rotated and flexed towards the throwing direction, with a rapid extension of the elbow and

internal rotation of the shoulder (Weber et al., 2014). Immediately after ball release, the
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deceleration phase initiates, with the elbow continuing into extension and the shoulder being
further internally rotated and adducted across the body, before moving into the follow-through

phase, where the trunk decelerates by flexing over the braced stride leg (Weber et al., 2014).

Due to the nature of handball, with defending players constantly seeking to obstruct or tackle
attackers, jump throws (75%) and standing throws with a run-up (15%) are most commonly used
to overcome the defence (Wagner et al., 2008). In addition, players tend to use two different
wind-up techniques, each with its own advantage. The circular wind-up, reported to produce
higher ball velocities, characterised by players reaching the cocking position by moving the
shoulder backwards in a circular motion, starting with extension, similar to baseball (Van den
Tillaar et al., 2013). And the whip-like wind-up, demonstrated to reduced the total throwing time,
where the cocking position is reached by moving the ball straight upward in front of the body

and then backwards, reported to reduce the total throwing time (Van den Tillaar et al., 2013).

Irrespective of throwing technique, kinematic studies in handball report consistent results of
maximum angular velocities occurring in a specific proximal-to-distal order, starting with pelvis
internal rotation and followed by trunk internal rotation, trunk flexion, elbow extension, shoulder
internal rotation and shoulder flexion (Van den Tillaar & Ettema, 2009; Wagner et al., 2010;
Wagner et al., 2012; Wagner et al., 2014). The main parameters reported to be correlated with
throwing velocity are pelvis, trunk and shoulder internal rotation (Van den Tillaar & Ettema,
2007; Wagner et al., 2010; Wagner et al., 2011), reported to be 450°/s, 756°/s and 5 039°/s on
average among elite males (Wagner et al., 2010; Wagner et al., 2014). When comparing different
throwing techniques, players attain greater ball velocities using the standing throw with run-up
(Wagner et al., 2011), reported to be up to 25.2 m/s in elite males and 22.5 m/s in elite females
(Vila et al., 2012; Kruger et al., 2014). During standing throws, the stride leg braces the body in
the acceleration phase, allowing players to take better advantage of the energy transfer from the
lower extremities, which may explain the higher ball velocities. In contrast during jump throws,
opposing movements of the legs are used during the flight phase to rotate the pelvis and enable
transfer of momentum through the trunk to the throwing arm (Wagner et al., 2011). In a study
investigating the relationship between ground reaction forces and throwing performance
specifically, elite players were found to produce greater vertical force with shorter contact time
during jump throws compated to novice players, illustrating the importance of energy transfer

from the most proximal parts of the kinetic chain (Rousanoglou et al., 2014).
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Literature search

To obtain information to be included in this dissertation, three PubMed searches wete
performed. First, a broad literature search was completed to identify studies reporting on injuries
in handball, including epidemiological studies, prospective risk factor studies and intervention
studies. The information from these studies is used to describe the injury characteristics in
handball, the causes of injuries in handball and prevention of injuries in handball. Second, an
additional search was performed to obtain knowledge on modifiable risk factors reported to be
associated with shoulder injuries in overhead sport in general, with the results used to expand on
the description of causes of injuries in handball. Only cohort studies investigating glenohumeral
range of motion, shoulder strength, scapular dyskinesis and external load as potential risk factors
were included. As no standardised definition was identified for overhead sport, the following was
applied: “a sport in which athletes or players, with the hand lifted above the head, repetitively throws, hits or
shuttles a ball towards an gpponent or teammate”, encompassing: badminton, baseball, cricket, handball,
lacrosse, softball, tennis, volleyball and water polo. And finally, a literature search was completed
to obtain information on exercises reported to alter glenohumeral internal rotation, shoulder
external rotation strength and scapular dyskinesis, including experimental studies reporting on the
effectiveness of such exercises. However, due to an expectancy of a low number of hits, studies
using electromyography to investigate activation of the shoulder and scapular muscles during
commonly used exercises were also included. This search was performed during the planning of
this PhD and is limited to studies published prior to 01.06.2014. Detailed information on the

search strategy and its results is presented in Appendix I.

Injuries in handball

It is well documented that results of sports injury research are highly influenced by the definitions
and methods used to register and report injuries, with discrepancy between studies challenging
the ability to interpret and compare data (Van Mechelen et al., 1992; Finch, 1997; Junge &
Dvorak, 2000; Brooks & Fuller, 2006; Clarsen et al., 2013). In 20006, the Fédération Internationale
de Football Association Medical Assessment and Research Centre (F-MARC) hosted a consensus
meeting to address these issues within prevention research in football. This resulted in a
consensus statement aiming to determine injury definitions, methodology, implementation and
reporting standards for studies on football injures (Fuller et al., 2006), with several sports-specific

adaptions published subsequently, including the injury surveillance approach in multi-sports
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events by the International Olympic Committee (IOC) (Fuller et al., 2007; Junge et al., 2008;
King et al., 2009; Pluim et al., 2009).

According to the F-MARC consensus statement, prospective cohort studies employing the
following injury definition were preferred: “Any physical complaint sustained by a player that resulls from
Jootball match or football training, irrespective of the need for medical attention or time loss from football activities.
An injury that results in a player receiving medical attention is referred to as a medical attention injury and an
injury that results in a player being unable to take full part in future football training or match play as a time-loss
injury” (Fuller et al., 2000). Injuries should further be classified by location, type and mechanism
of injury, with an acute injury defined as an injury originating from a specific and identifiable
event and an overuse injury as one caused by repeated microtrauma without a single, identifiable
event causing the injury. The extent of injuries should be reported as incidence (number of
injuries/1000 playet-hours), separately for match and training. In case of time loss, the severity
should be reported in days with the following distribution: slight (0 days), minimal (1 to 3 days),
mild (4 to 7 days), moderate (8-28 days), severe (>28 days) and career ending (Fuller et al., 2000).

Subsequent to its publication, the consensus paper rapidly reached a high number of citations
and it seemed that its recommendations were generally accepted (Bahr, 2009). However, as the
paper in reality provided three different injury definitions, i.e. any physical complaint, medical
attention injury and time-loss injury, Bahr (2009) emphasised that the choice of definition would
have substantial influence on the injury rate reported, as players will not always seek medical
attention for physical complaints, and even fewer will lead to time loss. Consequently, as the vast
majority of the papers referring to the consensus paper only employed the last dimension of the
injury definition, i.e. time loss, Bahr (2009) questioned how appropriate this approach was when
applied to sports where overuse injuries may be expected. Using beach volleyball as an example,
he concluded that new approaches to record overuse injuries in sport were needed, as the time-
loss definition failed to record prevalent pain problems in the shoulder, knee and lower back
(Bahr, 2009). This may be explained by how athletes handle overuse injuries, which in most cases
have a gradual onset of transient or intermittent symptoms, and therefore players are likely to
continue to train and compete, at least in the early phase of an overuse condition. In the case of
worsening, athletes may try to adapt their training and competition habits by refraining from the
most aggravating activities, before finally seeking medical treatment when their participation is
affected (Clarsen et al., 2013). In fact, it is reported that athletes often continue to train and
compete despite the presence of pain and reduced function related to overuse conditions (Bahr,
2009; Clarsen et al., 2010; Vleck et al., 2010; Myklebust et al., 2013a), implying that a time-loss

definition is poorly suited to record overuse injuries in sport.
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With these challenges in mind, a new method using a self-reported questionnaire to register
overuse injuries in sports was developed, the OSTRC Overuse Injury Questionnaire (Clarsen et
al,, 2013). The questionnaire consists of four questions, which can be adapted to different body
regions, and gathers information on the extent to which overuse injuries affect participation,
training volume and performance, as well as pain experienced during the past week. The
questionnaire is administered regularly to each participant in prospective cohort studies, allowing
researchers to determine the extent of overuse symptoms over time and evaluate severity based
on changes in the participant’s function or sports performance limitations, rather than time loss
(Clarsen et al., 2013). Compared to the standard time-loss approach, this method has been
reported to identify more than ten times as many overuse injury cases over a three-month period,
and may therefore be a better alternative in the study of overuse injuries in sport (Clarsen et al.,
2013). In addition, as overuse injuries often are chronic or intermittent, it is argued that they are
most appropriately reported as prevalence, i.e. the proportion of athletes affected by problems
related to an overuse condition at any given time, with multiple measurements allowing

calculation of average values throughout a study period (Bahr, 2009).

Incidence of injuries

An overview of studies reporting injuty incidence (injuries per 1000 player-hours of match or
training, or total incidence including both match and training) in handball is presented in Table 1.
Four of the studies have a retrospective design, all using self-reporting to record injuries, with a
recall period ranging from 40 weeks to one year (Jorgensen, 1984; Wedderkopp et al., 1997;
Wedderkopp et al., 2003; Piry et al., 2011). The remaining ten studies have a prospective design
(Nielsen & Yde, 1988; Seil et al., 1998; Wedderkopp et al., 1999; Olsen et al., 2005; Junge et al.,
2006; Olsen et al., 2006a; Langevoort et al., 2007; Moller et al., 2012; Bere et al., 2015; Giroto et
al,, 2017), including two intervention studies where the results from the control group are
presented (Wedderkopp et al., 1999; Olsen et al., 2005). Reporting by team medical staff is the
most common injury registration method used in the prospective studies (Junge et al., 2006;
Langevoort et al., 2007; Bere et al., 2015), followed by reporting by players, coaches and research
personnel (Table 1.) Overall, medical attention alone or in combination with time loss is the most
common injury definition used (Jorgensen, 1984; Olsen et al., 2005; Junge et al., 2006; Olsen et
al., 2006a; Langevoort et al., 2007; Piry et al., 2011; Bere et al., 2015; Giroto et al., 2017). None of
the studies have employed a true any physical complaint definition as defined in the F-MARC
consensus statement (Fuller et al., 2006). However, in three of the studies by Wedderkopp et al.

(1997, 1999; 2003), the injury definition used may have captured injuries in a broader sense, as
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injuries causing the player to being unable to participate without considerable discomfort were

included.

In prospective studies at the senior level, the injury incidence reported during matches varies
greatly for both sexes depending on the competition level, with the lowest numbers reported in a
study including players from the first division or lower and the highest among players competing
at an international level, 13.3 vs. 104.5 for females and 13.8 vs. 145 for males (Nielsen & Yde,
1988; Junge et al., 20006; Bere et al., 2015). For training, the injury incidence are reported to be
substantial lower and more consistent, ranging from 0.6 to 3.4 among males and from 0.7 to 4.1

among females (Nielsen & Yde, 1988; Seil et al., 1998; Moller et al., 2012; Giroto et al., 2017).



SWE,, Q[RWd) ¢ ‘oeu ¢ O parrodar 10U YN

80T
5+9

ueprsiyd wea 4q yorew

3od Bururen 30 YoreW WoIj 95uasqe 01 109dsax
P $20uanbasuod 9 Jo ssopredar uensAyd
Wea) U} WOIJ UONUINE [EDIPIW PIAIIIT 18]
yorew oy Supmp Sumanour Jure[dwod [earsfyd Auy

ueprsAyd
wea) £q yorew rod Sururen Jo ysiew woig
2oUdsqe 01 109dsaT PIM $20UINDISTOD JO SSA[PILOX

8Ly / %S9¢
5+

AN 8y

syoke[d oeway pue SfE
[9A9] [ETONLUINIU]
swieay Supedonieg

RINERY
soferd orewoy pue oey

+00Z-1002 SIUAWEUINO} [EUORELUIANU] XIQ

130102 2A1Radsord
(L007) Te 30 1300A3UP |

sowreS a1dwi[O $007

141 mw ‘uenrsAyd oY) WoIy UONUINE [EIPIW PIAIIIDT LY} G9 /x€€ m [9A9] [eUONEUINU] 130409 2An2adsorg

68 P yorew oy Supmp Supnour jure[dwod rearsfyd Auy  6¥ / «by P swred Sunedonreg (9007) Te 30 28un(
22UIAYPE 23NSUD 01 [uu0sFad
[o7easor Aq s1rs7a JenSor Y Am(ur Jo own oy I8

saPEO Aq parzodar Dwed Jo uorssas 2onoerd auo 8°Gz 93¢ ueayy 9661 AeN-G661 A [ ‘Auewron

1se9] 3¢ Jo vonednieduou 03 pay 1ey vonpaduwod syoke[d oe Al 130402 2a122dso3

TP 90 9 erL P 30 2opdvrd Sunmp Summddo jusppuruy 16 / 981 P AT-TIT AP ‘swed3 9] 8661) e 1128
voneurwexa [edrsdyd Surpnpour

[ouuosrod yoreasar Aq Aoom ‘worssas 2opoerd Jo syeaf §]< a3y 9861 AeIN-6861 "dog Sprewuoq

L0d XA SWES 2u0 1583 I sstw 03 JoAe[d o) Sursned qnpd oy vz /8s S szofe[d ofewoy pue oey 13040 2An2adsord

T P ¢er P ur 9opovId J0 sowed Summp SUIINd20 JWIPPUI Yt / 69 P JOMO[ PUE [T "AIp ‘Swiea) ] (3861) 9PX 29 UIS[IIN
A[oapsadsomnor parrodor-yos
Burferd woiy nok syuoadid Lprardwod jo ‘Aerd o

JopI0 UT JudwNEan [epads saxmbor o /pue owes oy sreak ¢-/ 1 9By SYoIM () Z8-1861 Fewua (]

Supmp noA sdeorpuey yorym ‘qnd 91 ur Sururen ur syoferd orepy 130409 2Apdadsonoy

[ 30 JWES OY} YIA UORIIUUOD U PaAIddd Ainfur vy 787 / 88T P TIT-T "AIp ‘s3o4e[d pa109ag (#861) uosuadiof

Joruag

e, Sururer], yoreN sapnfur ¢
UonENSISII pue UONIUYIp Arnfuy / s¥akerd uonendog popad pue Anuned ‘usisaq
synoy Q[ / sounfuy J0 IquINN 90UdIAYIY

‘[leqpuey Ut saum(ur [[e 303 9suaprour Sunsodos sarpnis [earsojorwoprdy | d[qe,



srewa) ‘4 ‘orew ‘O ‘panrodar zou YN

wea) yoes ur vosrad

parurodde ue £q AT00M {POPIdU SEA UONUIATINIUT
[EIPIW YDIYA UT SUOREMIS JO SYDITUT JO UOISSIS
Burures) SUO 1SEI[ IE JO SSO[ AYI JO SYDITW JO UOISSIS
Sururen U0 15E9[ 1€ JO TondnIIANUT UT PNSIT

87T d ‘1vT P vee oFe ueo

110C "AON-110T e ‘Tizesq

It & 6Ll oA pue ‘Apnis oy Sunnp paxmooo eyl eqpuey  9L1 / €81 & szofe[d orewoy pue ofeN J010¥J YSIF 90102 9A1d9ds03 ]

e P ST P 30 2op2e1d 03 paje[aT BISIO [eIdRYsoMdsNW Jo urey  9¢1 / 9ST P [9AS] A2 ‘SWEd) 17 (L102) Te 12 010310
1stdesoyporsdyd /30300p
wea) £q Arep Sururen 30 vonpnodwod WOy 9UIsqE

01 109dsa3 Im saduanbasuod o Jo ssopredar N 23y

‘UONUDNE [EJIPIW PIAIDIIF T JUSWEUINO) syoferd ey drysuordwey) ppox\ [eqPUeH S10T

oy3 upmp Suuren 3o /pue Bonnadwod Ul ParouL [9A9] [BUONEUINU] 130402 2A122dso3

SH0T § uoIssNoU0d 30 /put Juredwod [evpPysomasnw vy  ZZ1 / ¥8¢ P swed Supedpnieg (S107) Te 32 239¢g
marazaIuT dn-mofog
i £pjoam parzodaz-J[as Uorssas Sururen Jo yorew

o1 30 1593 30 JO 13ed sstwr 03 sxakerd oy Sursned s1of §1< 93y sypam ¢ ‘1107 [FAV-010¢ ‘dog Srewrua(q

198 ) 6L S SuTuren [[eqpUeY JO YdIeW [[eqpPULY € WOIJ SI[NSIF S6 /AN & syofe[d orewoy pue oey 13040 2andadsorg

8L Y ¢ P L'1g @ ey 3ofeld v £q paureasns jureidwod [eorsdyd duy 88 / AN P 2497 91p2 ‘sxoferd pa1oopPg (2102) Te 12 IO
Apansadsonas payzodos

-J[9S {SUOISSs SUTUTER JO SOWES SUIMO[[0] oy} 320k |

UT 90USE Sk oNs $90Uanbasuod o) JuIPISTOd AN 28y ‘sdrysuordureyd [reqpuey vesy §00g

moyA pre [esrpow Surimbos Sururen pue syoferd ofepy 130405 2Andadsonoy

960 9 L0 9 yorew o Surmp Suruaddey sormlur (eorsdyd oy [y €9 /0r P 2497 91p2 ‘sxofed pa1oofeg (1102) Te 3 £3g

©10 Suyure. 13 sapnfuy P
e0], uTuresy, yoreW wonensidos puv vonrugop Amnfuy / ssoferd vonedog pouad pue £punods ‘usaq

sinoy 001 / sapnfuy

Jo 39quinN.

90UIJOY

10



orewd) ‘& ‘orew ‘O ‘parrodar jou YN

ST 90 [0
5+9 5+9 5+9

MITATIIUT
Sursn [pouvosiad yoreasar £q A[puow ‘uorssas
Sururen 30 yarew 1X9U 30 Jo 1red SSTw 30 vonUINE
[earpaw 23mbox o3 soied Sursned ‘suorssos FuruTen
3O SoUDIBW PA[NPAYDs SULMP Parindd0 Amfur uy

(pasarstuTupe

yorod) Amfur Jo owp e parzodor-J[os 9I0JwOoISIP
o[qeroprsuod i edpnred 03 10 vorssas 2onoesd
‘owes 1XaU o sstw 03 syaferd oy Sursned ‘9onoerd

951/ 648
5+9

2'91 25e uBaN

szoferd orewoy pue orey

[9AS] [EUONEIIIOT PUL DIBIPIWINTT
1[0 YINOL ‘StEa) [ONUVOD (G

91-41 93y
syoferd orewo,|
[2A9] [eUOnEaId21 puL

woseas 1 ‘¢z dy-z00g "dog ‘demsoN
€13} PI[[OFIVOD PISTWOPUEI-INSN]))

(S002) ‘Te 32 uas|O

uoseas | ‘§6-L66]1 PFrwua(
130400 2apdadsonoy

43 30 sowed pampayds Supmp Summodo Lmfur kuy YN / €91 & 21BIPIWIFANUT ‘93 INOA ‘stred) 9] (€00?2) Te 3o ddoxzoppay
(pasaasrurupe Yorod) Anfur yo swm e paryodos
-J[2S 930JWODSIP [qEIIPISUO0d oy ANedopred 81-91 28y
01 9[qeun 3uraq JO ‘VOISsas 2o1oerd J0 owresd syoke[d orewo, Uu0s3s 1 ‘9661 AEIN-S661 SNy SFewua(
1xau o sstw 03 3afefd ayp Sursnes pue saonoesd [PAS] [BUOIEDIIDI PUE DIEBIPIWIINU] [E1R PO[[OFITOD PISIWOPUEI-INSN])
13 €T & 30 sowred panpayds Jupmp Supinodo Amfuruy 99 /921 & 1[0 TINOL ‘Swed) [ONU0D [ (6661) Te 3 ddoszappayy
Apandadsonas parsodas-jas
930JWOISIP J[qeIopIsu0d oym sredonied 81-91 23y
01 9[qeun Juraq Jo ‘vorssas 2onoexd Jo Qwed syake[d opewo UOSEIS | ‘G661-F661 SHEWUI(q
1x0U o sstwr 01 Foferd o Sursned pue soopoesd [9AD] [BUONEIIIIT PUL 130409 2Apdadsonoy
e d Loy & 30 sowed panpayds Supmp Summaso Amfuruy 112/ L12 & 2)BTPIWIANTT N2 YINOA ‘Swred) gg (L661) 'Te 30 ddoszoppayy
voneurwexa [edrsdyd Surpnpour
[Puuoszad yoreasar £q Apyoom cuorssas 2opoead 10 s1eak g1-/ 93y 98671 AeIN-G86 1 "dog Syrewuo(q
7T P11 S SWES U0 1883 B sstw 03 3oAe[d o) Sursned qnpd Ay e/ ¥s S szofe[d orewoy pue ofeN 130405 2An22dsor ]
L1 68 P ur 9o1oe3d 30 sowes Supnp JUFINI0 JUIPUL UY s1/ov 9 “ATP UINOA ‘swred) /. (3861) OPA 29 UIS[IIN
Jorunf
e, Sururex], yoreN sapnfuy P
uonensi3ar pue uonuyap Amfuy / s3akerd uonendog popad pue £nunos ‘uSisaq

sinoy 001 / sapnfuy

Jo 39quinN.

90UIJOY

11



orewd) ‘3 ‘orew ‘O ‘parzodar jou YN

LY &
699

(AR

LT

0L d
90 9

01 &
L

801 &
1L 9

o1 d
g P

marazoiur dn-mofog

qIm AT0om poa1zodor-J[os fuorssas SuruTen Jo yajews
a1 30 3593 30 JO 13ed sstwr 01 syake[d oy Sursned
Sururen [eqpuey JO YDIEW [[EqPUEY € WOIJ SINSIT
e Johe[d e Aq poaureasns Jureidwoo [earsAyd Auy

mararaur dn-mofjoy

i £pjoom parzodas-J[as UoTssas Sururen Jo yorew
o 30 1593 30 Jo 13ed sstur 03 s3ake[d oy Sursned
Suruten [eqpuUeY JO YOIEW [[EqPUEY € WOIJ SINSIT
e Johe[d © Aq paureasns Jureidwoo [earsdyd Aoy

Amfur

JO 2w Y3 JO SYIIM O UTIA SIYIEOD £q SUOTSSIS
Sururen 30 yarew 1X9u 30 Jo 1red SSTw 30 vonUINE
[earpaw 23mbox 03 soied Sursned ‘suorssos FuruTen
JO soydIew Panpayds Surmp Surmado Amfur uy

LIT /AN &
1¢ /AN 9

0S /AN &
L9 /AN 9

€6 / 8zv
5+9

s1eaf 91> 93y
szohe[d oewoy pue oAl
[oAa] 2172 yAno£ ‘syafeld pardofag

s1eaf §1-91 93y
syoke[d oeway pue SrE
[oAa] 2172 no£ ‘syaferd pardofag

(s30herd panfur) 491 95 ueay
s1ofe[d oreway pue S[EN
[PA9] anrEWwe PNoL ‘Swel ()

s T¢ ‘1107 [FAV-010¢ dog Srewua
130402 2A122dso3

(2102) Te 32 B[O

syeam ¢ ‘1107 [dv-010z "dag “yrewuaq
HHOQOU ®>ﬁqumOunH

(2102) Te 32 PO

Uuoseds | ‘700 YIFEIN-1007 "doS ‘AemroN
130102 2A122dsorg

(29007) 'Te 32 U3S|O

oL

Sururex],

e

smoy (0T / sorn{uy

uonexnsi3ar pue uonrugsp Amfuy

sannfur
/ sxokerd
Jo oquunN

uopemdog

porrad pue £nunod ‘uSrsa(q
90UDIYIY

12



Introduction

In comparable studies using a prospective design at the junior level, the injury incidence is
reported to range from 8.3 to 17.2 for males and from 10.4 to for 13.0 for females, with the
highest numbers among players below 16 years of age for both sexes (Olsen et al., 2006a; Moller
et al,, 2012). Irrespective of study design, injury definition and registration method, the highest
match injury incidence at the junior level is reported among female players, ranging from 40.7 to
52 (Wedderkopp et al., 1997; Wedderkopp et al., 2003). However, due to the retrospective design

and broad injury definition employed in these studies, the comparability is low.

In two studies using Swedish insurance records to investigate and compare the total incidence of
acute injuries during matches and training (injuries per 1000 player years) between different
sports, handball was reported as the team sport with the highest risk of acute injury for both

sexes, with slightly higher numbers in females (Aman et al., 2016; Aman et al., 2017).

Based on injury surveillance using similar methods during three consecutive Summer Olympic
Games (2008 to 2016), injury incidence proportions (number of players injured divided by
number of participating players) have been reported to range from 15% to 22% in handball, with
the majority of injuries occurring during matches (Junge et al., 2009; Engebretsen et al., 2013;
Soligard et al., 2017). Compared to other team sports, handball was reported to have the third
highest risk of injury in 2008 (behind football and field hockey) (Junge et al., 2009), the second
highest in 2012 (behind football) (Engebretsen et al., 2013), and the fourth highest in 2016
(behind football, rugby and water polo) (Soligard et al., 2017).

According to studies reporting match injury incidence separately for different player positions,
line players had the highest risk of injury (14.6 to 185.6), followed by wing players (18.6 to 93),
back players (10.5 to 88.0) and goalkeepers (7.3 to 30.6) (Jorgensen, 1984; Seil et al., 1998;
Wedderkopp et al., 1999; Bere et al., 2015). Conflicting results exits regarding the time of injury
during matches, with proportion measures ranging from 35% to 44% for the

1* half and from 56% to 65% for the 2 half (Junge et al., 2006; Piry et al., 2011; Giroto et al,,
2017), whereas a report on match injury incidence reveals that the risk was greater in the 1% half

(126.7 vs. 63.4) (Bere et al., 2015).

Severity of injuries

Only one study has reported on the severity of time-loss injuries according to the F-MARC
consensus statement (Fuller et al., 20006), with 8% categorised as slight (0 days), 22% as minimal
(1 to 3 days), 22% as mild (4 to 7 days), 33% as moderate (8 to 28 days) and 16% as severe (>28

days) (Moller et al., 2012). One study based on injury data from six international tournaments
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used the same distribution to report estimated absence, with 50% to 80% of the injuries
categorised as slight, 9% to 38% as minimal, 2% to 13% as mild, 1% to 7% as moderate and 1%
to 6% as severe (Langevoort et al., 2007). Three studies have categorised 27% to 57% of the
injuries as minor (less than one week), 30% to 53% as moderate (1 to 4 weeks) and 12% to 20%
as major (>4 weeks) (Nielsen & Yde, 1988; Wedderkopp et al., 1997, 1999). Two studies have
accounted for injury mechanism when reporting severity, with 3% to 22% of the acute injuries
categorised as slight (0 days), 25% to 34% as minor (1 to 7 days), 22% to 28% as moderate (8 to
21 days) and 32% to 35% major (>21 days), and with 8% to 20% of the overuse injuries
categorised as slight, 16% to 23% as minor, 16% to 31% as moderate and 38% to 48% as major
(Olsen et al., 2005; Olsen et al., 2006a). One study reported with the same distribution; however,
for all injuries, with 38% categorised as slight, 25% as minor, 20% as moderate and 15% as major
(Piry et al., 2011). The latest study reporting on the severity during an international tournament
categorised more than half of the time-loss injuries (61%) as less severe injuries, leading to an
estimated absence from full participation in training and match play for 1 to 2 days, while 34%
were categorised as moderate injuries (3 days to 4 weeks) and 5% as severe (>4 weeks) (Bere et

al,, 2015).

Location and type of injuries

The majority of injuries in handball are demonstrated to be located in the lower extremities (42%
to 63%), followed by upper extremity injuries (15% to 40%), head and face injuries (13% to
34%), head and neck injuries (4% to 26%) and trunk injuries (2% to 14%) (Wedderkopp et al.,
1997; Seil et al., 1998; Junge et al., 2006; Langevoort et al., 2007; Bere et al., 2015). Regardless of
injury type, the most common injury locations are reported to be the ankle (11% to 40%), head
(4% to 33%), fingers (4% to 24%), knee (9% to 19%) and leg (6% to 18%), with sprains (11% to
65%), contusions (3% to 56%), tendinopathies (8% to 12%) and strains (6% to 12%) as the most
frequently reported injury types (Jorgensen, 1984; Nielsen & Yde, 1988; Yde & Nielsen, 1990;
Wedderkopp et al., 1997; Seil et al., 1998; Wedderkopp et al., 1999; Junge et al., 2006; Langevoort
et al,, 2007; Moller et al., 2012; Bere et al., 2015). Acute injuries have been demonstrated to
represent 63% to 93% of all injuries, while 7% to 37% are overuse injuries (Nielsen & Yde, 1988;
Wedderkopp et al., 1997; Olsen et al., 2005; Olsen et al., 2006a; Piry et al., 2011; Moller et al.,
2012; Bere et al., 2015; Giroto et al., 2017). However, as these studies recorded injuries based on
medical attention alone or in combination with time loss, they are unlikely to have captured the
true extent of overuse injuries. In studies accounting for injury type when reporting overall

location, the knee (14% to 26%), ankle (19% to 24%), finger (9% to 17%) and thigh (3% to 10%)
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are reported as the most frequent acute injury locations, whereas the lower leg (52%), knee (16%
to 27%), shoulder (4% to 44%) and back (16%) are reported as the most frequent locations for
overuse injuries (Olsen et al., 2006a; Giroto et al., 2017). Also, one of these studies reported
injury types separately, with contusions (9%), strains (17%) and sprains (46%) as the most
common acute injury types, and bursitis (7%), tendinopathies (22%) and shin splints as the most

common types of overuse injuries (Moller et al., 2012).

Shoulder injuries

Eight studies have reported on the proportion of injuries represented by shoulder injuries
handball, with percentages ranging from 3% to 22% (Jorgensen, 1984; Nielsen & Yde, 1988; Seil
et al., 1998; Olsen et al., 2005; Junge et al., 2006; Langevoort et al., 2007; Moller et al., 2012; Bere
et al,, 2015). During a 31-week cohort study, using an any physical complaint definition, Moller et
al. (2017) reported the total incidence of shoulder injuries (both match and training) to be 1.4
among elite youth players (age 14 to 18), which is 2.5 greater than the results of a previous study
reporting on the incidence of shoulder injuries in a similar population using a time-loss definition
(Moller et al., 2012; Moller et al., 2017). In a prospective study of amateur male players, the
shoulder was reported as the most common anatomical region in which players experienced
overuse symptoms (Seil et al., 1998), which is in line with the results by Giroto et al. (2017),
showing that overuse shoulder injuries represented the majority of overuse injuries among elite

players in a prospective cohort study.

In studies specifically investigating shoulder injuries, several prevalence measures have been used
to report on the manifestations of dominant shoulder pain, problems or injuries in relation to
handball activity (training and match), irrespective of the need for medical attention or time loss.
Retrospectively at the elite senior level, 59% of female players and 44% to 75% of male players
have been demonstrated to experience shoulder pain at some point during their career (Mohseni-
Bandpei et al., 2012; Myklebust et al., 2013a; Clarsen et al., 2014a), and 41% of male players
during the preceding season (Mohseni-Bandpei et al., 2012). At the elite youth level, shoulder
pain or problems during the last season have been reported to range from 23% to 38% (Edouard
et al,, 2013; Osterds et al., 2015; Asker et al., 2018). The point prevalence of shoulder pain has
been demonstrated to be 36% in elite female players and ranging from 20% to 44% in elite male
players (Mohseni-Bandpei et al., 2012; Myklebust et al., 2013a; Clarsen et al., 2014a), whereas at
the amateur level, 49% of adolescent players reported current shoulder pain in a cross-sectional

study including a small sample (Oliveira et al., 2017).
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In a prospective cohort study with bi-weekly registration of shoulder problems, irrespective of
time loss or medical attention, 52% of elite male players were demonstrated to experience
shoulder problems at some point during the season, and at any given point in time, 28% of the
players were reported to be affected by a shoulder problem (Clarsen et al., 2014a). Using similar
methods to register shoulder problems at the elite youth level, Asker et al. (2018) recently
demonstrated that 44% of players reported a shoulder problem at some point during the season,
and at any given point in time, 25% of the players were affected by a shoulder problem. At the
elite female level, 56% of the players have been demonstrated to experience a shoulder injury or

pain leading to time loss of at least one day during a season (Edouard et al., 2013).

The causes of injuries in handball

Research aiming to establish the causes of injuries is traditionally guided by an injury actiology
model, such as the original multifactorial model described by Meeuwisse et al. (Meeuwisse, 1994),
or one of its subsequent revisions (Bahr & Krosshaug, 2005; Meeuwisse et al., 2007). According
to these models, knowledge about how injuries occur (injury mechanisms) as well as why certain
players may be at risk of an injury (risk factors) is essential to fully understand the causes of
injuries. With respect to injury mechanisms, descriptions should not only include details of the
whole body and joint biomechanics at the time of injury, but also needs to account for the events
leading up to the injury, i.e. the playing situation, as well as player and opponent behaviour (Bahr

& Krosshaug, 2005).

Traditionally, injury aetiology models divide risk factors into two main categories: internal or
intrinsic player related risk factors (e.g. sex, age, previous injury and strength) and external or
extrinsic environmental risk factors (e.g. rules, refereeing, equipment, weather) (Meeuwisse, 1994;
Bahr & Krosshaug, 2005; Meeuwisse et al., 2007). However, it is important to recognise that risk
factors can be divided into modifiable (e.g. strength, rules, refereeing, equipment) and non-
modifiable risk factors (e.g. sex, age, previous injuty, weather),

which probably is more in line with the overall aim of sports injury prevention, as it emphasises
factors which possibly can be altered through physical training or behavioural changes (Bahr &
Holme, 2003).

A prospective cohort design with measurements of the potential risk factors prior to injury is
preferred, as this allows for assessment of associations (Grimes & Schulz, 2002; Bahr & Holme,
2003). In order to establish if an association represents a causal relationship, risk factor studies

traditionally exclude all injured players at baseline and only record new injuries occurring during
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the study period. However, when applying this premise to the study of overuse injuries,
challenges arise. To exemplify, if a large proportion of the cohort reports overuse symptoms (e.g.
shoulder pain) at baseline, exclusion of these will result in a biased cohort not representative for
the target population. Consequently, only players reporting symptoms during the actual testing
can be excluded, limiting the study to only assess associations between the risk factors and

overuse conditions without assumptions of causality (Clarsen et al., 2014a).

Subsequent to the commencement of this PhD project, several proposals have been made to
enhance the study of risk factors in sport. Bittencourt et al. (2016) have emphasised the
importance of progressing from analyses of isolated risk factors to investigation of how risk
factors may interact. Windt & Gabbet (2017) have argued that none of the existing injury
actiology models account for the effects of training and competition load, resulting in a revised
model including workloads and how they contribute to injury risk. Finally Bahr (2016) has argued

that identified risk factors should be confirmed in relevant populations using similar methods.

Injury mechanisms

Overall, contact injuries have been reported to represent 35% to 92% of all injuries in handball,
with the highest proportions during international championships, while 8% to 47% are non-
contact injuries, with the highest proportions demonstrated in junior players (Nielsen & Yde,
1988; Olsen et al., 2005; Langevoort et al., 2007; Bere et al., 2015; Giroto et al., 2017). Direct
contact with opponent is reported as the main cause of contact injuries (31% to 53%), followed
by contact with the ball (14% to 18%), ground (9%) and teammate (3%) (Nielsen & Yde, 1988;
Seil et al., 1998). The majority of injuries are reported to occur while players are running (28% to
33%) or shooting (25% to 31%) (Nielsen & Yde, 1988; Yde & Nielsen, 1990). About half of the
injuries is reported among attacking players, about one-third among defending players and the

rest occur during warm-up or in unknown situations (Wedderkopp et al., 1997; Seil et al., 1998).

Despite video analysis being highlighted as an important tool to describe how injuries occur
(Krosshaug et al., 2005), none of the above mentioned studies have employed this method to
describe the playing situations leading to injuries in handball. Therefore, we wanted to describe

the mechanisms of acute match injuries in elite handball using video analysis (Paper IV).

Referee performance in relation to injuries

The degree of foul play in relation to contact injuries has been investigated during tournaments at

the international level, in which 44% to 77% of the injuries have been reported to be caused by
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foul play in the view of team physicians, although only 48% to 74% of these were followed by a
sanction by the referee (Langevoort et al., 2007). However, as these data are limited and solely
based on retrospective reports from team medical staff, knowledge regarding referee
performance in relation to injury situations is warranted, and we therefore included this as an

objective of Paper IV.

Modifiable risk factors for shoulder injuries in overhead sport

Glenohumeral range of motion

An overview of cohort studies investigating the association between glenohumeral range of
motion and shoulder injuries in overhead sport is presented in Table 2. Three studies have
demonstrated associations between internal rotation deficits and dominant shoulder and elbow
injuries in baseball and softball, with 225° and 213° as cut-offs (Shanley et al., 2011; Shanley et
al., 2015; Shitara et al., 2017). In contrast, Tyler et al. (2014) has reported that a lack of an internal
rotation deficit 220° represented an increased risk of dominant shoulder and elbow injuries in
high school baseball pitchers. In professional baseball pitchers, a total rotational motion deficit
>5° has been demonstrated to be associated with dominant shoulder injuries or pain leading to
time loss (Wilk et al., 2011), whereas among elite male handball players, absolute rather than
relative dominant total rotational motion values were found to be associated with shoulder
problems (Clarsen et al., 2014a). Only among professional baseball pitchers has an external
rotation deficit exceeding 5° been reported to be associated with shoulder injuries (Wilk et al.,
2015). The presence of a deficit 215° in hotizontal adduction has been reported to be associated
with shoulder and elbow injuries among youth and adolescent baseball pitchers (Shanley et al.,
2015). Still, three studies have reported no associations between glenohumeral range of motion

measures and injury (Forthomme et al., 2013; Camp et al., 2017; Moller et al., 2017).
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Introduction

Shoulder strength

A total of seven prospective cohort studies investigating the association between glenohumeral
strength measures and shoulder injuries in overhead sport were identified (Table 3). Reduced
abduction strength has been reported to be associated with shoulder and elbow injuries among
professional and high school baseball pitchers using isometric testing (Byram et al., 2010; Tyler et
al., 2014). External rotation weakness (isometric) has been reported to be associated with
shoulder and elbow injuries requiring surgery in professional baseball pitchers (Byram et al.,
2010), and with increased probability of reporting shoulder problems in elite handball (Clarsen et
al., 2014a). Also lower ratios of external to internal rotation strength have been reported to be
associated with shoulder injuries leading to time loss in baseball using isometric testing (Byram et
al.,, 2010), and in handball using isokinetic testing (Edouard et al., 2013). In addition, Moller et al.
(2017) have reported that a ratio of external to internal rotation strength (isometric) below 75%
accentuated the effect of handball load on shoulder injury rate among elite youth players when
weekly handball load increased >20%. When comparing external rotation strength (isometric)
between sides, Shitara et al. (2017) reported that lower values in the dominant shoulder were
associated with shoulder and elbow injuries in baseball pitchers. Similarly, higher values of
eccentric external rotation strength (isokinetic) have been reported to be protective in relation to

shoulder pain in volleyball (Forthomme et al., 2013).

Scapular dyskinesis

An overview of the cohort studies reporting on the relationship between scapular dyskinesis and
shoulder injuties in overhead sport is presented in Table 4. Of the six studies identified, only one,
including elite male handball players, reported an association between scapular dyskinesis and
shoulder injuries when assessing risk factors independently (Clarsen et al., 2014a). When assessing
scapular dyskinesis as an effect modifier, Moller et al. (2017) reported an exacerbating effect on
the association between an increase in weekly handball load above 20% and shoulder injury rate
in elite youth handball. The two studies carried out in baseball, both at the high school level,
reported no association between scapular dyskinesis and shoulder and elbow injuries (Myers et
al., 2013; Shitara et al., 2017). In a study including athletes from five different overhead sports,
none of the measures of scapular function were found to be associated with shoulder complaints
during the last month prior to follow-up at 12 and 24 months (Struyf et al., 2014). However,
athletes categorised as developing shoulder pain during the study period demonstrated less
scapular upward rotation during abduction at baseline. In the one study found on volleyball

players, no associations were reported (Forthomme et al., 2013).
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Introduction

External load

An overview of cohort studies investigating the association between external load and shoulder
injuries in overhead sport is presented in Table 5. Five of the seven studies identified have been
carried out in baseball, with the majority using pitch count as a measure of throwing workload.
Among youth pitchers, the number of pitches performed per game and per season, as well as
innings per years has been reported to be associated with shoulder pain irrespective of time loss,
resulting in suggested pitching limits of 75 per game and 600 per season (Lyman et al., 2001;
Lyman et al., 2002). In addition, pitching more than 100 innings per year has been found to be
associated with serious shoulder and elbow injuries requiring surgery or leading to retirement
among youth pitchers (Fleisig et al., 2011). Among adolescent pitchers, the recommendations are
to avoid pitching competitively more than eight months per year with a maximum of 80 pitches
per game, as these measures are reported to be associated with shoulder and elbow sutrgery
(Olsen et al., 2000b). In a recent study using training hours per week as measure of load in
baseball, Matsuura et al. (2017) reported that players exceeding 16 hours per week were more
likely to experience shoulder and elbow injuries leading to time loss. Using video recordings and
live observation to monitor throwing workload in elite cricket, Saw et al. (2011) reported an
association between performing more than 75 throws per week and shoulder or elbow pain.
Interestingly, injured players in this study demonstrated to have increased their throwing
workload significantly the week prior to injury onset. Recently Moller et al. (2017) were the first
to investigate risk factors for shoulder injury in overhead sports using an analysis accounting for
interactions as proposed by Bittencourt et al. (2016). With handball participation considered as
the primary risk factor in junior elite handball, they reported an association between a weekly
increase in handball load exceeding 60% and the rate of shoulder injuries. Furthermore, they
demonstrated that the effect of an increase in handball load between 20% and 60% was
exacerbated by the presence of external rotation weakness and scapular dyskinesis. Additionally,
external rotation weakness was reported to exacerbate the effect of an increase above 60%

(Moller et al., 2017).

Based on the evidence available at the commencement of this PhD project (2014), we wanted to
design and evaluate the effect of an exercise programme designed to reduce the prevalence of
overuse shoulder injuries in elite handball through alteration of suggested risk factors, i.e. reduced
glenohumeral range of motion, external rotation weakness and scapular dyskinesis (Paper I).
Additionally, we wanted to assess whether the previously identified risk factors could be

confirmed in a relevant population using similar methods (Paper II).
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Introduction

Prevention of injuries in handball

The traditional four-stage approach to prevention of sports injuries introduced by van Mechelen
et al. (1992) is completed by development of preventive measures (stage 3) on the basis of
epidemiology (stage 1) and aetiology (stage 2), in which the effectiveness ultimately is assessed in
randomised controlled trials (stage 4). Existing preventative efforts in handball have mainly
targeted acute and severe injuries to the lower extremities, with a particular focus on the knee and
ankle (Table 6). The common features of these studies are employment of exercise programmes
as a part of the handball warm-up, with players as end-users and coaches as delivery agents.
Among youth female players, overall reduction of acute injuries has been reported in two studies
using balance board and strength training (Wedderkopp et al., 1999; Wedderkopp et al., 2003),
with only ankle and finger sprains reaching statistical significance when comparing location and
type (Wedderkopp et al., 1999). In a quasi-experimental study in senior female handball, a
reduced risk of anterior cruciate ligament injuries was reported among elite players meeting the
compliance criteria (Myklebust et al., 2003). Among youth players a structured warm-up
programme designed to improve awareness and control of knees and ankles during landing and

cutting movements reduced the risk of acute injuries to the lower limb (Olsen et al., 2005).

No intervention studies targeting shoulder injuries in handball specifically, or overhead sport in
general, existed at the initiation of this PhD project, and we therefore included this as the aim of

Paper 1.

However, during the project period, two studies investigating preventative efforts to reduce
shoulder injuries in handball have been published. In a six-month pilot study including three elite
youth female teams in the intervention group (53 players), they reported that the prevalence of
shoulder complaints decreased during the intervention period among players completing specific
shoulder-strengthening exercises (descriptive statistics pre and post). The exercise programme
was implemented as a part of the handball warm-up three times per week (compliance 73%) and
consisted of three exercises, push-up plus, standing shoulder external rotation and internal
rotation with elastic band as resistance (Dsterés et al., 2015). Recently, the same research group
published a seven-month randomised controlled trial with a similar sample and size (53 players in
the intervention group), reporting no effect of a shoulder-strengthening exercise programme on
the prevention of shoulder pain among youth female handball players (Sommervold & Osteras,
2017). However, the sample size, injury definition, registration method and statistics used to

assess the effect of the programme can be questioned. To exemplify, current self-reported pain in
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Introduction

the throwing shoulder was registered seven times during the season using a visual analog scale,
with comparison of the mean group values at each time point using independent t-tests, without

any efforts to assess changes and differences over time, despite the use of repeated measures.
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Introduction

Considerations on preventing overuse shoulder injuries in handball

Exercise selection

Glenohumeral internal rotation

Several studies have demonstrated increased glenohumeral internal range of motion as a result of
stretching procedures for posterior shoulder tightness (McClure et al., 2007; Laudner et al., 2008;
Manske et al., 2010; Maenhout et al., 2012). McClure et al. (2007) compared the cross-body
stretch with the sleeper stretch in a four-week randomised controlled trial including
asymptomatic individuals with limited internal rotation, and showed that both stretching
procedures increased internal range of motion, with the sleeper stretch resulting in the greatest
increase (20°). The stretching exercises were performed five times per day, with each stretch
lasting 5 s. Similarly, it has been shown that a six-week daily sleeper stretch programme (3
repetitions of 30 s) increased the internal rotation of the dominant shoulder (13.5°) (Maenhout et
al., 2012). Furthermore, a single session (3 repetitions of 30 s) of the sleeper stretch has been

demonstrated to increase internal rotation (3°) in baseball players (Laudner et al., 2008).

Shoulder external rotation strength

Increased shoulder external rotation strength has been reported in a few studies investigating the
efficacy of shoulder strengthening exercise protocols (Moncrief et al., 2002; Carter et al., 2007,
Niederbracht et al., 2008). Moncrief et al. (2002) showed increased strength (isokinetic) in both
shoulder internal and external rotation in healthy individuals after a four-week period using a
shoulder exercise protocol consisting of five isotonic exercises: (1) external rotation in the prone
position with the shoulder abducted to 90° and elbow flexed to 90°; (2) side-lying external
rotation; (3) standing abduction in the scapular plane (empty can position); (4) prone horizontal
abduction with the shoulder externally rotated; and (5) prone extension. The exercise protocol
was performed five days per week and each exercise was performed with 15 repetitions to failure
and repeated two times at each session. Utilizing a shoulder exercise programme developed for
tennis players (Roetert et al., 1997), Niederbracht et al. (2008) demonstrated gains in eccentric
external total work (isokinetic) and increase in eccentric external to concentric internal total work
ratios in an experimental study over five weeks. The programme was performed four times per
week (3 sets of 10 to 15 repetitions) and consisted of five isotonic exercises targeting large muscle
groups, as well as six rotator cuff exercises, i.e. (1) side-lying external rotation, (2) prone

horizontal abduction with the shoulder externally rotated, (3) prone extension, (4) external
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rotation at 90° of shoulder abduction, (5) standing abduction in the scapular plane (open can
position), and (6) external rotation with shoulder in neutral. Furthermore, a plyometric shoulder
exercise programme has been reported to increase the eccentric peak torque of the external
rotators (isokinetic), as well as throwing velocity, during an eight-week experimental study
including collegiate baseball players (Carter et al., 2007). The exercises required minimal
equipment (Thera-Bands and weighted balls) and were performed twice weekly (3 sets of 10 to 20
repetitions), including: (1) external rotation with shoulder in neutral, (2) external rotation at 90°
of shoulder abduction, (3) overhead soccer throw, (4) backwards throw at 90° of shoulder

abduction, (5) eccentric deceleration at 90° of abduction, and (6) baseball throw.

Several studies have used electromyography to investigate the activation of the shoulder external
rotators during common exercises used in rehabilitation (Blackburn et al., 1990; Townsend et al.,
1991; Ballantyne et al., 1993; Hintermeister et al., 1998; Reinold et al., 2004; Myers et al., 2005;
Dark et al., 2007; Swanik et al., 2011). With the objective of describing the effectiveness of 12
rubber-tubing exercises commonly used by throwers, Myers et al. (2005) demonstrated that
throwing deceleration produced the highest maximal voluntary isomettic contraction (MVIC) of
the supraspinatus (64% MVIC), with the MVIC values for the infraspinatus and teres minor
muscle reported to be 45% and 90% respectively. External rotation at 90° of abduction produced
the greatest activation of the infraspinatus muscle (51% MVIC), with MVIC values for the
supraspinatus and teres minor muscle reported to be 50% and 89% respectively. And finally,
shoulder flexion resulted in the greatest activation of the teres minor muscle (112% MVIC), with
the MVIC values for the supraspinatus and infraspinatus muscle demonstrated to be 42% and
47%, respectively. Investigating a different set of exercises, Reinold et al. (2004) demonstrated
that side-lying external rotation produced the highest activation of both the infraspinatus (62%
MVIC) and teres minor muscle (67% MVIC), while the greatest amount of supraspinatus activity

was revealed during prone horizontal abduction (82% MVIC).

When utilizing standing shoulder external rotation exercises in the rehabilitation of throwing
athletes with shoulder pain, it is initially recommended to perform the exercises at 20° to 30° of
abduction, with progtession towards 90° of abduction, due to its resemblance with the throwing

position (Ellenbecker & Cools, 2010).

Scapular dyskinesis

A clinical reasoning algorithm has been proposed to facilitate clinicians’ efforts to alter the
presence of scapular dyskinesis in overhead athletes with shoulder pain (Cools et al., 2014b).

According to the algorithm, scapular muscle performance may be inhibited by both reduced
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muscle control (neuromuscular deficits) and reduced muscle strength (scapular strength deficits).
In the early stage of scapular muscle rehabilitation, therapeutic guided exercises and home-based
exercises to improve muscle control is emphasised, followed by advancement to exercises to
improve muscle control and introduction of exercises to restore scapular muscle imbalances, i.e.
weakness in the serratus anterior, middle trapezius and lower trapezius muscle, and hyperactivity
in the upper trapezius muscle (Ludewig & Cook, 2000; Cools et al., 2003; Cools et al., 2007a).
Ultimately (in the final stage), exercises to strengthen scapular muscles are emphasised (Cools et
al., 2014b). Thus, it seems reasonable to assume that exercises aiming to strengthen serratus
anterior, middle trapezius and lower trapezius, while maintaining scapular muscle balance, are

appropriate when aiming to prevent shoulder injuries in an active population.

Several studies have investigated scapular muscle activity during different exercises without
considering the simultaneous impact on the upper trapezius muscle (Moseley et al., 1992;
Hintermeister et al., 1998; Decker et al., 1999; Ekstrom et al., 2003; Myers et al., 2005). Exercises
demonstrated to produce high serratus anterior activity includes the push-up plus, shoulder
abduction in the scapular plane, forward punch, and shoulder flexion (Moseley et al., 1992;
Hintermeister et al., 1998; Decker et al., 1999; Ekstrom et al., 2003; Myers et al., 2005).
Furthermore, shoulder extension, prone flexion (Y-flies) and horizontal abduction with external
rotation (standing or prone) have been shown to produce high middle trapezius activity (Moseley
et al,, 1992; Ekstrom et al., 2003). And finally, exercises reported to produce high activity of the
lower trapezius includes shoulder abduction, prone flexion (Y-flies), rowing, horizontal abduction
with external rotation, external rotation at 90° of abduction and throwing deceleration (Moseley

et al.,, 1992; Ekstrom et al., 2003; Myers et al., 2005).

However, in order to restore scapular muscle imbalances in patients with shoulder pain, exercises
demonstrating high activity in the setratus anterior, middle trapezius and lower trapezius, with
simultaneously low activity in the upper trapezius, have been emphasised to be preferable
(Ellenbecker & Cools, 2010). According to Ludewig et al. (2004) the push-up plus should be
emphasised when aiming to strengthen the serratus antetior in patients with an imbalance of
upper trapezius to serratus anterior imbalance. However, both the knee push-up plus and the
elbow push-up plus are also applicable, as they both demonstrated low ratios of upper trapezius
to serratus anterior ratios. Similarly, Andersen et al. (2012) have recommended the push-up plus
to strengthen the serratus anterior when investigating scapular muscle activation during shoulder
exercises performed at low and high intensities (Borg scale level 3 and 8), as this exercise was
superior in activating the serratus anterior over the upper trapezius at intensities sufficient to

strengthen the serratus anterior. To promote middle and lower trapezius activity in the treatment
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of scapular imbalances, Cools et al. (2007b) have recommended clinicians to use side-lying
external rotation, side-lying forward flexion, prone horizontal abduction with external rotation,
and prone extension. When investigating exercises during different intensities, Andersen et al.
(2012) demonstrated that the favourable shift toward lower trapezius activity during prone
exercises disappeared at higher intensities (Borg scale 8), as all three parts of the trapezius showed
high activation. Furthermore, they reported that the press-up was preferable with respect to a low
upper to lower trapezius ratio at higher intensities. However, as this activation only was found to
be moderate, the authors expressed uncertainty regarding the possibility to induce strength gains

when performing this exercise.

In a 12-week experimental study aiming to evaluate and compare the effect of two different
exercise protocols, aiming to increase either scapular muscular strength or endurance in
adolescent swimmers, Van de Velde et al. (2011) demonstrated similar improvements of the
protocols with respect to strength. However, none of the protocols resulted in increased
muscular endurance. The exercise selection was similar for both protocols and consisted of two
exercises targeting the serratus anterior muscle, i.e. dynamic hug and elbow push-up and two
exercises targeting the entire trapezius muscle, i.e. side-lying external rotation and prone
horizontal abduction with scapular retraction. Both protocols were supervised by a
physiotherapist and performed three times per week prior to swimming training sessions.
Participants performing the strength protocol completed 3 sets of 10 repetitions to failure,
whereas the participants performing the endurance protocol completed 3 sets of 20 repetitions to

failure.

Interaction between exercises

It is important to note that exercises described to target scapular muscles also stimulate the
shoulder external rotators and vice versa, e.g. reports suggests high activation of the infraspinatus
and teres minor muscles during different scapular rowing exercises and prone horizontal
abduction (Townsend et al., 1991; Myers et al., 2005), whereas high activation of the serratus
anterior and lower trapezius muscle has been reported during shoulder internal and external
rotation at 90° of abduction (Ekstrom et al., 2003; Myers et al., 2005). This should be considered
as an advantage when planning exercise programmes and underlines the interaction between

scapulothoracic and scapulohumeral muscles.
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Multifactorial exetrcise programmes

In a six-week randomised controlled trial aiming to evaluate the effectiveness of a six-week
strengthening and stretching exercise programme in collegiate swimmers (n=37), Hibberd et al.
(2012) revealed no significant findings with respect to isometric shoulder strength measures or
scapular kinematics. No outcome measures were reported for glenohumeral range of motion.
The exercise programme was implemented three times per week after swimming practice and
consisted of eleven strength exercises (2 sets of 15 repetitions), with no compliance data
reported. Elastic bands were utilized to apply resistance during the strength exercises, which
included (1) shoulder flexion, (2) shoulder extension, (3) internal and (4) external rotation at 90°
of abduction, (5) throwing acceleration and (6) deceleration, (7) low rows, (8) scapular punches,

(9) Y-flies, (10) T-flies, and (11) W-flies.

In a 20-week cohort study, Moore et al. (2013) investigated the effect of an exercise programme
combining typical field-based exercises (elastic-resisted) with traditional strength exercises
(weight-resisted) to increase shoulder musculature endurance. The authors emphasised the
elastic-resistance exercises as the core of the programme, and were performed three times per
week throughout the study period, including one clinical based session and two field based
sessions. Exercise load was either based on time with progression to longer durations, i.e. 3 sets
of 30 s repetitions with 15 s progression per week, or sets and repetitions with a stair-step
progression, i.e. 3 sets with weekly increase in repetitions (from 10, 12, 15 and finally 20), or
simply progression from 1 set of 15 repetitions to 3 sets of 15 repetitions. The elastic resistance
exercises consisted of three rowing exercises: (1) low row, (2) mid row, and (3) high row. To
evaluate shoulder musculature endurance, they developed a test based on the prone horizontal
abduction exercise (Posterior Shoulder Endurance Test), in which participants performed
significantly more repetitions at four time points during the study period (4, 8 and 20 weeks)

compared to baseline.

Prescribing exercise load

When designing exercise programmes, load is emphasised as an important variable and refers to
the amount of weight assigned to an exercise set (McDonagh & Davies, 1984). The load can be
determined as either a percentage of one repetition maximum (1 RM), e.g. 60% of 1 RM, or by
the RM method, i.e. the greatest amount of weight lifted with optimal technique for a specified
number of repetitions, e.g. 15 RM (DeLorme, 1945). Prescribing load using the RM method is
thought to be superior to the percentage of 1 RM method, as this eliminates the need for

repeated 1 RM testing to secure optimal exercise effectiveness (Hass et al., 2001; Bird et al,,
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2005), and can be an alternative when 1 RM testing is inappropriate, e.g. when using elastic bands
to achieve external resistance. To secure exercise progression, it is recommended to progress the
load whenever a subject can perform the current load for one to two repetitions over the desired
number (Kraemer et al., 2002). According to a review providing guidelines on how to design
exercise programmes to enhance muscular fitness (Bird et al., 2005), the load prescription should
be 1 to 3 sets of 15 to 20 RM to enhance muscular endurance, 4 to 6 sets of 8 to 15 RM to
achieve hypertrophy and 3 to 5 sets of 3 to 8 RM to increase maximal strength. These
recommendations illustrate that a certain RM emphasises different outcomes. However, in reality,

the benefits of resistance training are blended at any given RM (Bird et al., 2005).

In addition to these recommendations, knowledge of exercise loads reported to be effective in
existing studies can be useful when planning the load prescription of exercise programmes.
Previous high quality intervention studies in team sport have demonstrated effect of strength
exercises aiming to prevent acute injuries to the lower limb, using load prescriptions of 3 sets,
each consisting of 8 to 15 repetitions, without application of the RM method (Olsen et al., 2005;
Walden et al., 2012). Furthermore, the studies demonstrating increased shoulder external rotation
strength applied different load prescriptions, with the frequency ranging from 2 to 5 days per
week, the number of sets from 2 to 3 and the number of repetitions from 10 to 20 (Moncrief et
al., 2002; Carter et al., 2007; Niederbracht et al., 2008), with only one study applying the RM
method (Moncrief et al., 2002). And finally, the studies aiming to increase scapular muscle
strength, prescribed the exercises to be performed 3 times per week, with the number of sets
ranging from 2 to 3, and the number of repetitions ranging from 10 to 15 (Van de Velde et al.,
2011; Hibberd et al., 2012), with only one of them utilizing the RM method (Van de Velde et al,,
2011).

Elastic tubing as resistance in strength exercises

Using electromyography, Andersen et al. (2012) investigated shoulder muscle activation duting
lateral raise and shoulder external rotation with dumbbells compared to elastic tubing as
resistance. Interestingly, their results revealed high levels of muscle activation during both
procedures, demonstrating that elastic tubing is well suited as an alternative to achieve resistance.
The same research group investigated infraspinatus and trapezius muscle activation during lateral
rise using elastic band as resistance, and showed that a plateau of high-level muscle activity was
reached at 10 to 12 repetitions of the predetermined 15 RM load. This illustrates that training to
complete failutre is not necessary to fully recruit the involved muscles and strength gains may be

achieved without the unpleasant experience of going to failure (Sundstrup et al., 2012).
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Facilitators and barriers to implementation

All intervention studies aiming to evaluate an injury preventive effect of an exercise programme
in sport are highly dependent on successful adoption and implementation. According to existing
injury prevention studies in team sport, several facilitators and barriers to implementation have
been reported (Cumps et al., 2007; Engebretsen et al., 2008; Soligard et al., 2008; Steffen et al.,
2008; Kraemer & Knobloch, 2009; Kiani et al., 2010; Soligard et al., 2010; Petersen et al., 2011;
Finch et al., 2014), and should be considered when planning exercise programmes. With respect
to the implementation setting, the ability to integrate the exercise programme as a part of teams’
normal training sessions, e.g. the warm-up, has been reported as an important facilitator (Soligard
et al,, 2008; Kraemer & Knobloch, 2009; Kiani et al., 2010). Considering the total number of
exercises included in the programme, variation and progression have been emphasised (Soligard
et al., 2008; Steffen et al., 2008; Finch et al., 2014). Furthermore, the exercises should seek to be
sport specific, and if possible, include interaction with a partner (Cumps et al., 2007; Soligard et

al., 2008).

However, in order to successfully implement an exercise programme, there are also several
barriers to overcome, with the length of the programme most frequently reported as a threat to
successful implementation (Cumps et al., 2007; Engebretsen et al., 2008; Soligard et al., 2010;
Petersen et al., 2011; Finch et al., 2014). Furthermore, if the programme requires expensive
equipment, or if the teams are dependent on their team medical staff to perform the programme,

the degree of implementation may be challenged (Cumps et al., 2007).

The evidence presented regarding exercise selection and prescription of exercise load, as well as
information on facilitators and barriers to implementation, were used to develop the exercise

programme evaluated in Paper I.
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The research to practice gap

Despite widespread use of the traditional four-stage approach since its origin in the early 90 s,
several papers have emphasised the need for integration of implementation science in sports
injury prevention research (Finch, 2006; Finch & Donaldson, 2010; Donaldson & Finch, 2012;
Hanson et al., 2014). It is argued that evaluation of injury prevention exercise programmes in
randomised controlled studies poorly reflects the final implementation context (Finch, 2006;
Finch & Donaldson, 2010). Hence, dissemination and widespread use of evidence based
prevention programmes in the real-world sport setting may be inhibited, as the full potential will
only be realised if the targeted delivery agents and end-users adopt, implement and maintain the
programmes as intended (Finch, 2006; Donaldson & Finch, 2012). To meet these challenges,
Finch (2000) outlined the Translating Research into Injury Prevention Practice (TRIPP)
framework, an extension to the traditional four-stage approach. Subsequent to evaluating
programmes under ideal scientific conditions, researchers should aim to understand how to
translate them into actions to be implemented in the real-wotld sport setting (stage 5). Key
elements of this stage are knowledge regarding attitudes, beliefs and current behaviours towards
injury causes, predisposing factors and preventative measures, as well as identification of
facilitators and barriers to implementation of programmes in the targeted population (Finch,
2006; Finch et al., 2011). Finally, the programme effectiveness should be evaluated in a real-world
sport setting by implementing it among the intended end users, while taking into account the

knowledge identified in stage 5 (stage 6) (Finch, 2000).

To fully understand the complexities of implementation contexts and gain knowledge to improve
study designs and dissemination efforts, integration of a five-dimensioned framework from
implementation science is recommended in sports injury prevention research: the Reach Efficacy
Adoption Implementation Maintenance (RE-AIM) framework (Finch & Donaldson, 2010;
O'Brien & Finch, 2014). However, when applying the framework originally developed to enhance
the impact of public health research (Glasgow et al., 1999), adjustments are necessary to meet the
specific features of a sport setting. To meet these challenges, Finch & Donaldson (2010)
proposed an extension to the original framework: the RE-AIM Sports Setting Matrix, which
accounts for the fact that preventive measures in sport, such as coach delivered programmes, can
be targeted at multiple levels of delivery, e.g. at an organisational level and/or at a club, team and

participant level.

To date, studies expanding on the traditional four-stage approach and efforts to report on the

dimensions in the RE-AIM framework are lacking in handball, with only one study reporting on
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the maintenance of preventive measures aimed at anterior cruciate ligament injuries.(Myklebust et
al., 2013b) Therefore, in paper I1I, we wanted to examine attitudes, beliefs and current behaviour
towards risk factors and prevention of shoulder injuries, and to investigate the application of the

exercise programme in Paper 1.
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Aims of the dissertation

The overall research aim of this dissertation was to inform injury prevention efforts in elite
handball. Three studies encompassed overuse shoulder injuries specifically (Paper I to 11I) and

one dealt with mechanisms of acute match injuries in general (Paper IV).
The following aims were addressed in the four papers:

L To evaluate the effect of an exercise programme designed to reduce the prevalence and

risk of overuse shoulder injuries in elite handball (Paper I).

1L To assess whether previously identified risk factors are associated with overuse shoulder

injuries in a mixed-sex cohort of elite handball players (Paper II)

III. ~ To examine attitudes, beliefs and current behaviour towards risk factors and prevention
of shoulder injuries, and to investigate the application of the OSTRC Shoulder Injury
Prevention Programme during a randomised controlled trial aiming to prevent overuse

shoulder injuries in elite handball (Paper III).

V. To describe the mechanisms of acute match injuries in elite male handball, with emphasis
on the events leading up to injures, and to evaluate referee performance in injury

situations (Paper IV).
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Methods

Study designs and approach

The four papers included in this dissertation were the result of two separate research projects.

In the first project, a seven-month cluster-randomised controlled trial to evaluate the preventive
effect of an injury prevention exercise programme on overuse shoulder injuries among 660 elite
handball players was completed (Paper I), with an embedded prospective cohort study of risk
factors for overuse shoulder injuries in the control group (Paper II). Towards the end of the
intervention period, we also invited all team captains and coaches in both study arms to take part
in a survey addressing end-user perspective on prevention of shoulder injuries, as well as key
issues related to the application of the OSTRC Shoulder Injury Prevention Programme in the
intervention group (Paper III). In the second project, using prospective video analysis of acute
injury situations during the 24™ Men’s Handball World Championship in 2015, we described

acute injury mechanisms and evaluated referee performance (Paper IV).

Material and participants

In the first project (Paper I, II and III) we aimed to include every male and female handball team
in the two top divisions in Norway (n=48). During the off-season in 2014 we contacted coaches
for each team, of whom 46 agreed to participate. After recruitment of the final team, a neutral,
blinded person who had no further involvement in the study randomised teams stratified by
gender and competition level into an intervention or control group, with all players from the
same team assigned to the same group. We visited each team during preseason handball training
sessions and invited players present to participate on an individual basis, itrespective of their
baseline injury status or history. A total of 660 of the 677 players (45 of 46 teams) in the two top
divisions were in attendance, agreed to participate and constituted the intervention (331 players,
22 teams) and control arm (329 players, 23 teams) of the trial (Paper I). In parallel, the control
group constituted the cohort in the prospective risk factor study (Paper II). Towards the end of
the intervention period, we invited all team captains and coaches of the 44 teams (21

intervention, 23 control) still participating in the trial to take part in a survey (Paper III).
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The video material included in the second project (Paper IV) consisted of 55 videos of acute
injury situations, in which the referee decisions were visible and recorded in 37. All videos were
derived from matches during the 24™ Men’s Handball World Championship in 2015 using video
analysis software. The specific acute injury situations were identified on the basis of injury reports
from a previous publication, which also included approximate timing of match injuries (Bere et

al,, 2015).

In the first project (Paper I, II and III), all players with a team contract were eligible for
participation. Written and verbal information regarding the aims of the project, the procedures
involved and any potential risk with participation was provided. The Regional Committee for
Medical and Health Research Ethics reviewed the project and concluded that, according to the
Act on Medical Health and Research, the project did not require full review. The Norwegian
Social Science Data Services approved the project, and all players included completed informed
consent forms (Appendix II). The second project (Paper IV) was reviewed and approved by the

Aspire Zone Foundation Research Committee (Appendix II).

Prevention and risk factors for overuse shoulder injuries

Baseline testing

We visited each team included in the second project (22 intervention, 23 control) during a
training session in the six weeks prior to the season. All players (331 intervention, 329 control)
were asked to complete a baseline questionnaire (Paper I and II). In the intervention group,
coaches, team captains and team medical staff received specific training on the content and
execution of the injury prevention exercise programme evaluated in the trial (Paper I). In the
control group, all players took part in a series of shoulder tests completed in random order,
including measurements of glenohumeral joint range of motion and isometric rotation strength,

as well as assessment of scapular control (Paper II).

Questionnaire

In Paper I and II, Information on baseline shoulder injury status and history was collected using
a modified version of the Fahlstrdm questionnaire previously used in studies on elite handball
players (Appendix III) (Myklebust et al., 2013a; Clarsen et al., 2014a). Players were also asked
whether they had sustained any acute shoulder injuries within the past six months and if they had
undergone any shoulder surgery within the past 12 months. This information was crosschecked

with the team medical staff. Finally, we recorded any shoulder problems during the previous
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week using the OSTRC Overuse Injury Questionnaire previously used in a study on elite male

handball players (Appendix III) (Clarsen et al., 2014a).

Shoulder tests

In paper I, six different test teams, each of two sports physiotherapists, performed the shoulder
testing, with one tester responsible for questionnaire administration and assessment of scapular
control, and the other measuring glenohumeral range of motion and isometric strength. Prior to
baseline testing, we performed three days of training and assessed the inter- and intrarater
reliability of the testers in a pilot study. Three testers, blinded to the results of each other,
measured glenohumeral range of motion and isometric rotational strength in 38 shoulders in a
random order at two time points within the same day and three testers assessed scapular control

following the same procedure.

Glenobumeral range of motion

The test procedure employed to measure glenohumeral range of motion was identical to the one
used by Clarsen et al. (2014a) in a previous risk factor study on elite male handball players. We
used a digital inclinometer attached to a 30 cm Perspex ruler (Acumar Digital Inclinometer,
Lafayette Instrument, Lafayette, Indiana, USA), with the player in supine and with their shoulder
abducted to 90° with 0° rotation and the elbow flexed to 90° (Wilk et al., 2009; Cools et al.,
2014a; Moller et al., 2017). The end of internal and external rotation was defined as the point at
which the scapula was felt to move during palpation of the coracoid process and the spine of the

scapula (Wilk et al., 2009).
Lsometric strength

We used a digital handheld dynamometer (MicroFET, Hoggan Health Industries, Salt Lake City,
Utah, USA) to measure isometric rotational strength on the dominant side, with the player in
supine, similar to the procedure by Clarsen et al. (2014a). However, due to the use of multiple
testers, we externally fixed the dynamometer to limit measurement error related to manual
fixation.(Moller et al., 2017) In addition, we modified the position of the shoulder to 90°
abduction with 0° rotation (Hayes et al., 2002; Cools et al., 2014a), as this position is more

comparable to the overhead throwing motion in handball.

Scapular control

The procedure used to assess scapular control was identical to the one used by Clarsen et al.

(2014a). We observed players perform five repetitions of bilateral flexion and abduction while
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holding an external weight: 5 kg for males and 3 kg for females (Moller et al., 2017). Each
shoulder was rated as having normal control, slight scapular dyskinesis or obvious scapular

dyskinesis (McClure et al., 2009).

The injury prevention exercise programme

When planning and developing the OSTRC Shoulder Injury Prevention Programme in Paper I,
we predefined two fundamental premises of the programme. First, the exercises should be able to
alter previously proposed and identified risk factors for shoulder injuries in elite handball,

i.e. reduced glenohumeral rotation, external rotation weakness and scapular dyskinesis (Almeida
et al,, 2013; Edouard et al., 2013; Clarsen et al., 2014a). And second, the programme should
incorporate recommendations from previous studies reporting on the implementation of injury
prevention exercise programmes in team sport (Cumps et al., 2007; Engebretsen et al., 2008;
Soligard et al., 2008; Steffen et al., 2008; Kraemer & Knobloch, 2009; Kiani et al., 2010; Soligard
et al., 2010; Petersen et al., 2011; Finch et al., 2014). Hence, the programme should require
minimal equipment and fit into the handball warm-up, with a maximum duration of ten minutes,
and coaches and team captains should manage to deliver the programme without involvement of

their team medical staff. The development process is illustrated in Figure 1.

Literature review

! ~
Pooled set of exercises
Y
Expert panel meeting
l /
-,

Preliminary version(s)

r

Expert panel meeting ( Final programme J Pilot testing

Figure 1. Flow chart illustrating the development of the OSTRC Shoulder Injury Prevention Programme.
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Based on a literature review (Appendix I), we created a pooled set of exercises previously
reported to alter the targeted risk factors. Due to a low number of experimental studies, we also
included exercises demonstrated to produce high activation of the shoulder external rotators
(supraspinatus, infraspinatus, teres minor), as well as scapular muscles emphasised in the
rehabilitation of scapular dyskinesis (serratus anterior, middle trapezius, lower trapezius) (Cools et
al,, 2014b). Overall, the pooled set of exercises included the cross-body stretch and sleeper
stretch to increase glenohumeral internal rotation (McClure et al., 2007; Laudner et al., 2008;
Manske et al., 2010; Maenhout et al., 2012), various isotonic and plyometric exercises to
strengthen shoulder external rotators (Moncrief et al., 2002; Reinold et al., 2004; Myers et al.,
2005; Carter et al., 2007; Niedetbracht et al., 2008), and vatious isotonic exetcises to enhance
scapular muscle strength (Moseley et al., 1992; Hintermeister et al., 1998; Decker et al., 1999;
Ekstrom et al., 2003; Myers et al., 2005; Van de Velde et al., 2011), in which a selection
considered the simultaneous impact on the upper trapezius muscle (Ludewig et al., 2004; Cools et

al., 2007b; Andersen et al., 2012).

An external expert panel consisting of a fitness coach employed by the Norwegian Handball
Federation (>10 years of experience) and four physiotherapists (5 to >10 years of experience)
clinically working with handball players nationally and internationally reviewed the pooled set of
exercises and participated in meeting to provide their feedback. The objectives of this meeting
were to get their opinions on the content of the programme and thoughts on how we could
enhance adoption and implementation. In relation to the content, they urged us to include
exercises to enhance thoracic mobility and improve kinetic chain function, as these factors often
are implicated in shoulder injuries (Lintner et al., 2008; Kibler et al., 2013a; Kibler et al., 2013b;
Kibler et al., 2013c), despite a lack of evidence supporting their role as risk factors for shoulder
injury. Based on their experience with player compliance, they expressed scepticism to exercises
requiring players to be placed in a supine or prone position, and recommended exercises to be as
sport-specific as possible (Cumps et al., 2007), e.g. strengthening of external rotators should be
performed in a 90° abducted position due to its resemblance with the handball throw
(Ellenbecker & Cools, 2010). In addition, they emphasised variation and progression of exercises,
as well as inclusion of partner exercises to enhance motivation to comply with the programme

(Cumps et al., 2007; Soligard et al., 2008; Steffen et al., 2008).

Subsequent to the expert panel meeting, we invited a female handball team in the second division
(n=16), not included in the study, to test the preliminary exercise programme and respond to a
questionnaire based on the RE-AIM framework. The objectives of this pilot were to obtain

knowledge regarding potential end-users beliefs and experiences of content, duration, load and
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applicability of the programme (Donaldson & Finch, 2012; Finch et al., 2014). In addition, we
had a short meeting with the players and coaches to receive verbal feedback. The knowledge
obtained supported exercise variation and inclusion of partner exercises as previously mentioned,
as well as sport-specific exercises imitating the throwing position. Subsequently, we performed
two additional revisions of the exercise programme, including a second round of feedback from

the expert panel.

The final version of the OSTRC Shoulder Injury Prevention Programme consisted of five
exercises with different variations and levels aiming at increasing glenohumeral internal range of
motion, external rotation strength and scapular muscle strength, as well as improving kinetic
chain function and thoracic mobility. We recommended implementing the exercise programme
three times per week as a part of the team’s warm-up to handball training. Coaches and team
captains were delivery agents and received, together with the team medical staff, specific
instructions and training on the content and execution of the exercise programme. The complete

exercise program is presented with illustrations in Appendix IV.

The final version did not solely include evidence-based exercises. In fact, the recommendations
from the expert panel and the feedback provided by the potential end-users in the pilot study
were highly weighted to include exercises that potentially would secure compliance with the
programme. Hence, we primarily included exercises that were thought to be sports specific and

applicable for the handball warm-up (Table 7).

Exercises targeting the serratus anterior muscle (1A-C) consisted of different variations of the
push-up plus exercise (Moseley et al., 1992; Decker et al., 1999; Ludewig et al., 2004; Andersen et
al., 2012), with modifications to enhance player motivation and sport specificity, e.g. inclusion of
a handball and a partner. In addition, we extended the traditional push-up plus exercise with a
backward slide of the body (1C) to simultaneously facilitate upward rotation of the scapula during
shoulder flexion (Ekstrom et al., 2003). Initially we aimed to include side-lying external rotation,
side-lying forward flexion, prone horizontal abduction with external rotation, and prone
extension to target both scapular muscles and shoulder external rotators (Moncrief et al., 2002;
Reinold et al., 2004; Cools et al., 2007a; Niederbracht et al., 2008). However, as both the expert
panel and the potential end-users expressed scepticism to these exercises due to the position of
the player, we refrained from adding them in fear of low compliance. Hence, abduction in the
scapular plane with external rotation was added to target the middle and lower portions of the
trapezius muscle (2A) (Moseley et al., 1992; Ekstrom et al., 2003), despite reports of high activity
in the upper trapezius muscle during this exercise (Ekstrom et al., 2003). Furthermore, a modified

version of bilateral rowing was added to target the middle trapezius (2B) (Hintermeister et al.,
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1998), as feedback from the expert panel and potential end-users suggested high compliance with
this exercise. The throwing deceleration (2C) was added to increase strength in shoulder external

rotators and our reports suggested high compliance with this exercise (Myers et al., 2005).

The exercises targeting dynamic mobility in the thoracic (3A), the latissimus dorsi muscle (3B)
and the protractors and internal rotators of the shoulder (3C) were solely included based on
recommendations from the expert panel. The sleeper stretch (4A) and cross-body stretch (4B)
were included to increase internal rotation (McClure et al., 2007; Laudner et al., 2008; Manske et
al., 2010; Maenhout et al., 2012), with inclusion of a partner in the cross-body stretch to enhance
implementation (Soligard et al., 2008). Additional exercises included to increase shoulder external
rotation strength (5A-C) were based on studies reporting high activity in the shoulder external
rotators at 90° of abduction (Ballantyne et al., 1993; Reinold et al., 2004; Myers et al., 2005). This
position corresponded also with the shoulder position favoured by the expert panel and potential
end-users (Cumps et al., 2007). The plyometric exercises targeting external rotation strength (5B-
C) were based on previous exercises showing increased eccentric peak torque of the external
rotators (Carter et al., 2007), and we received promising feedback regarding expected compliance

from both the expert panel and potential end-users.

Whenever possible, exercises to increase external rotation strength and scapular muscle strength
were performed in a position involving segments in the kinetic chain proximal to the shoulder,
e.g. push-up position (3A-C) involving core musculature or standing throw position (2A-C and
5A-C) involving energy transfer through the lower extremities, pelvis and trunk to the shoulder

(Sciascia et al., 2012).
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Exercises aiming to increase internal rotation (4A-B) were prescribed to be performed with a
static stretch of 30 s and repeated three times per session, which is within the upper and lower
prescription in previous studies reporting an effect of these exercises (McClure et al., 2007;
Laudner et al., 2008; Manske et al., 2010; Maenhout et al., 2012). Exercises included to increase
strength (1A-C, 2A-C and 5A-C) were instructed to be performed in three sets of either 8 to 16
repetitions or 10 to 20 repetitions, which is in line with recommendations to induce hypertrophy
or increased muscular endurance (Bird et al., 2005). Similar exercise loads have been prescribed in
previous studies showing increased strength of both shoulder external rotators and scapular
muscles (Moncrief et al., 2002; Carter et al., 2007; Niederbracht et al., 2008; Van de Velde et al.,
2011), as well as been applied in studies demonstrating injury preventive effect of strength
exercises in team sport (Olsen et al., 2005; Walden et al., 2012). Delivery agents were instructed
to inform players to progress an exercise if they exceeded the maximum tepetitions stated (RM
method) (DeLorme, 1945; Kraemer et al., 2002), e.g. by using a stiffer elastic band or heavier
weighted ball. In contrast, players should regress an exercise if they did not reach the minimum
repetitions stated. As no optimal exercise load was identified for dynamic mobility exercises (3A-
C), we chose to prescribe the same load as for the strength exercises to secure programme

continuity.

Prospective data collection

The same registration method was used to monitor shoulder problems during the 2014-2015
season in Paper I and Paper II. On the last Sunday of each month, six times in total, all players
received a link by e-mail, providing them access to the OSTRC Overuse Injury Questionnaire
(Appendix V) using online survey software (Questback v.9692, Questback AS, Oslo, Norway).
Automatic reminders wete sent to non-responders after three and seven days per e-mail using the
survey software and manually per SMS (Pling, Front Information DA, Oslo, Norway). In
addition, we visited teams throughout the season and asked non-responders to complete a paper

version of the questionnaire.

The questionnaire consisted of four questions addressing the extent to which overuse shoulder
injuries, expressed as shoulder problems, affected participation, training volume and
performance, as well as the level of shoulder pain during the past week (Clarsen et al., 2013).

We only asked players about their throwing shoulder, with shoulder problems defined as any
pain, ache, stiffness, instability, looseness or other symptoms related to their shoulder (Clarsen et

al., 2014a).
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To avoid misreporting of acute shoulder injuries as shoulder problems, and ensure that we could
exclude them from the dataset, we added a supplementary question in which players reported any
acute shoulder injury during the past week, defined as an injury caused by a single identifiable

event (Fuller et al., 2007). In addition, team medical staff reported any acute shoulder injury by e-

mail at the end of each month and their records was crosschecked with player reports.

We recorded player exposure to handball training, match play and strength training in four
additional questions in minutes. Based on these reports, we calculated the average weekly

exposure for each measure and for the entire season.

In the intervention group (Paper I), we monitored compliance with the prevention programme
by asking how often they had performed the programme during the past week, both with the
team and by themselves. Based on these reports, we calculated the average weekly compliance

with the programme per measure and for the entire season.

Outcome measures

The primary outcomes in Paper I were the prevalence of shoulder problems and substantial
shoulder problems, with the average severity of shoulder problems as a secondary outcome.
To be able to compare our results with Clarsen et al. (2014a), the primary outcome in Paper II
was the average severity score of shoulder problems, with prevalence measures as secondary

outcomes.
Prevalence measures

A player was defined as having a shoulder problem if they reported anything but the lowest
response to all four questions in the questionnaire. If they reported a moderate or severe
reduction in training volume or performance, or a total inability to participate, they were defined

as having a substantial shoulder problem (Clarsen et al., 2013).

For each of the six measures during the season, we calculated the prevalence of shoulder
problems and substantial shoulder problems by dividing the number of cases by the number of

respondents. Based on these measures, we calculated the average prevalence for the entire season

(Clarsen et al., 2013).

Severity measures

For each player response to the questionnaire, the response enabled the calculation of a severity

score ranging from 0 to 100. These measures were monitored throughout the season for each

51



Methods

player. At the end of the project, we calculated the individual average severity score in Paper II by
summing each player’s scores and dividing by the number of responses, and in Paper I we
calculated the average severity score on a group level by summing the scores of all players and

dividing by the number of respondents.

Implementation context

The survey

To be able to assess the end-users’ perspective on the risk and prevention of shoulder injuries, as
well as key issues related to the application of the OSTRC Shoulder Injury Prevention
Programme in the trial, we developed a questionnaire based on the RE-AIM framework and a
previous survey examining implementation of the Nordic Hamstring Exercise in football

(Glasgow et al., 1999; Finch & Donaldson, 2010; Bahr et al., 2015).

The questionnaire consisted of a common section addressing attitudes, beliefs and current
behaviours among team captains and coaches in both study arms. In the intervention-specific
section, questions addressed their views on completion of the prevention programme. In the
section specified for the control teams, we addressed their knowledge with the prevention
programme used by the intervention teams. All questions were closed, with multiple response

options.

Data collection

Towards the end of the intervention period, we emailed a link to all team captains and coaches,
providing them access to the questionnaire using online survey software (Questback v.9692,
Questback AS, Oslo, Norway). Automatic reminders were sent to non-responders after three and
seven days per e-mail using the survey software and manually per SMS (Pling, Front Information

DA, Oslo, Norway). In addition, reminders were completed per telephone, if necessary.

Acute injury mechanisms and referee performance

Analysis of acute injuries

The 55 videos, with visible acute injury situations, were included in an individual analysis
performed by an expert panel consisting of a handball coach and four clinicians working with

handball players nationally and internationally. As we were unable to identify any existing forms
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to analyse the mechanisms of acute injuries in handball, the expert panel developed a new form
to describe the situations and mechanism leading to injury (Appendix VI), based on a form
developed for similar purposes in volleyball (Skazalski et al., 2018). Following the individual
analyses, a consensus meeting including the five handball experts and a moderator was organised,
with consensus defined as three of the five experts in the panel agreeing on each of the variables

related to an injury.

Outcome variables

All outcome variables are presented in the video analysis form (Appendix VI). Depending on ball
possession, injuries were classified as an acute injury to an attacking player or a defending player.
The cause of injury was divided into contact trauma (with opponent, teammate, static object or
moving object), landing trauma following contact (with opponent or teammate) and non-contact
trauma (during running, cutting, jumping or landing). At the time of injury, the action of both the
attacking and defending player was analysed, with specification of the body part injured and the

body part involved in tackling or hitting the opponent.

Evaluation of referee performance

In order to evaluate referee performance, we invited three referees employed by the Norwegian
Handball Federation, all with extensive refereeing experience from international handball, to
participate in an expert referee panel. The referees performed individual blinded evaluation of the
37 videos. Prior to the individual analyses, we accomplished blinding by editing the videos so that
the decision of the referees could not be seen. Following the individual analyses, we performed
an online consensus meeting, with consensus defined as two of the three referees in the expert

panel agreeing on a decision.

Outcome variables

The evaluation criteria used by the expert referee panel to evaluate the acute injury situations
were identical to the ones used by the referees during the championship, i.e. no foul, defensive
foul (free throw or penalty in favour of attacking team) or offensive foul (free throw in favour of
defending team), as well as whether foul play led to the use of sanctions, i.e. two-minute

suspension, yellow card (warning) or red card (disqualification) (IHF, 2005, 2010).
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Data management and statistics

All analyses were performed using SPSS (SPSS versions 21-24, IBM Corporation, New York,
USA). In paper II and III, the two-tailed alpha level was set to 0.05 for all statistical tests, and all
results are presented as the mean with either 95% confidence intervals (CI), the standard

deviation (SD) and/ot range.

Paper I

Prior to initiation of the second project, we estimated the sample size on the basis of the average
prevalence of shoulder problems (28%) and substantial shoulder problems (12%) reported
among elite male handball players using the same injury registration method employed in this
project (Clarsen et al., 2014a). Based on analysis of variance of within-participant and within-team
prevalence, we adjusted for cluster correlations (estimated intraclass correlation coefficient <0.1)
and assumed that we would need to include 15 players from each of the 48 available teams
(n=720). On this basis, we estimated being able to detect a 10% reduction in the prevalence of
shoulder problems with a power of 0.94, and a 6% reduction with a power of 0.87, at a 5%

significance level.

Initial data analyses revealed that 81% of the players (n=534) met our a priori criteria of at least
three responses to the OSTRC Overuse Injury Questionnaire and complete injury data were
available from 61% (n=405). When assessing differences in baseline characteristics between
responders (=3) and non-responders (<3), female players were found to have a higher response
rate within both groups, with no group difference. No other significant differences were
discovered between responders and non-responders within or between groups. We therefore,
with the assumption of missing at random, performed multivariate imputation using a predictive
mean matching approach with a maximum of 20 iterations to estimate missing data points in our
responders (Van Buuren, 2012). This led to pooled data of five imputed datasets, which were

used to analyse group differences.

Differences over time in the prevalence of shoulder problems and substantial shoulder problems

between the intervention and control groups were assessed using generalised estimating equation

(GEE) models. Binary logistic models with an exchangeable covariance matrix were used. Subject
age and years of handball participation in both sexes and weight in males were added to the GEE
models using a forward selection procedure, as these variables showed a possible difference

between groups at baseline (p<0.2). If inclusion of a variable changed the beta-coefficient of at
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least 10% it was kept in the model. However, since we identified no confounding effects,

univariate analyses were performed.

Paper 11

Considering the aim of the paper, the same statistical methods used by Clarsen et al. (2014a) were
performed. We excluded all players with no injury data (n=53) from the risk factor analyses and
calculated a summary outcome measure for the remaining players (n=276) by dividing their
cumulative severity score by their number of responses to the questionnaire, with =40 set as the
cut-off point to dichotomize the outcome into injured and non-injured players. Only players with
a valid test result, without the presence of pain during testing, were included in the analysis of
glenohumeral range of motion (n=267), isometric strength (n=240) and scapular control (n=238)

as risk factors for shoulder injury.

Multivariable logistic regression models were constructed with anthropometric and demographic
variables possibly associated with shoulder injury (p<0.2) included in each model using a forward
selection procedure. If inclusion of a variable changed the beta-coefficient of at least 10% it was

kept in the model. Strength measures were adjusted for body mass.

To assess differences in isometric shoulder strength and range of motion between sexes, we used
independent-sample t-tests or Mann-Whitney U tests, depending on the distribution of data.
Wilcoxon signed-rank tests were used to investigate differences in range of motion between
dominant and non-dominant shoulders, due to non-parametric data. Differences between sexes

in scapular control was analysed with Chi-square tests.

To assess the reliability of glenohumeral range of motion and strength measurements in the pilot
study, we calculated the intraclass correlation coefficient using a two-way mixed single measure
model (absolute agreement) for interrater reliability and a two-way random single measure model
(absolute agreement) for intrarater reliability . Spearman rank-order correlation coefficient was

used to assess the inter- and intrarater reliability of subjective evaluation of scapular control.

Paper II1

We used simple descriptive statistics to present the results of the survey, reported as absolute

numbers with percentages of the different respondent groups.

Paper IV

We used simple descriptive statistics to present the results from the video analysis of acute injury

situations and referee decisions, reported as absolute numbers with percentages of the
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population. To assess the agreement between the decisions made by the referees and the expert

panel we calculated kappa correlation coefficients.
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Results and discussion

Prevention of overuse shoulder injuries in elite handball (Paper 1)

During the study period, a total of 90 players (14%) dropped out of the study, 51 players (15%)
in the intervention group and 39 players (12%) in the control group. As players with insufficient
injury data were excluded, our primary analyses included 534 players (264 intervention, 270
control). Of these, 249 players (47%) reported to have experienced a shoulder problem during
the seven days prior to inclusion, 125 (47%) in the intervention group and 124 players (46%) in
the control group. No differences were identified in baseline characteristics when comparing

players with sufficient injury data between groups.

In total, 2940 questionnaire responses were recorded from the 534 players throughout the season
(1454 intervention, 1486 control), with 600 responses classified as shoulder problems (250
intervention, 350 control) and 187 of these as substantial shoulder problems (68 intervention, 199
control). In addition, 33 cases of acute injuries (20 intervention, 13 control), which all were

excluded from the analyses, were reported.

Players in the intervention group included in the primary analysis (n=264) reported on average to
have completed the OSTRC Shoulder Injury Prevention Programme 1.6 times per week (95% CI
1.4 to 1.8). Only 28 players (11%) complied with our recommendations of three sessions per
week, with 17 players (6%) reporting a higher average weekly compliance than recommended.

Sixteen players (6%) did not complete the exercises programme at all during the season.

Effect of the intervention

Our primary analyses revealed a 28% lower risk of reporting shoulder problems during the
season in the intervention group compared to the control group (OR 0.72, 95% CI 0.52 to 0.98,
p=0.038). No significant difference was detected in the risk of reporting substantial shoulder
problems over time between the intervention and control groups (OR 0.78, 95% CI 0.53 to 1.16,
p=0.23).

As players were included irrespective of their baseline injury status or history, we performed
subgroup analyses including players depending on their reporting of shoulder problems at
inclusion. Interestingly, a 35% lower risk of reporting shoulder problems was revealed in the

intervention group compared to the control group when including only players with shoulder
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problems at baseline (Table 8). In contrast, we found no significant effect when including only
players without shoulder problems at baseline, even if their compliance was as good as players
with shoulder problems (average weekly sessions: 1.57 vs 1.69, p=0.791), suggesting that the
exercise programme mainly had effect on existing problems.

Table 8 Generalised estimating equation models including players meeting the a priori criteria of sufficient
injury data in the intervention (n=264) and control group (n=270).

Shoulder problem Substantial shoulder problem
Subgroup analyses OR (95% CI) P value OR (95% CI) P value
Without shoulder problem® 0.80 (0.47-1.37) 0.42 0.68 (0.36-1.31) 0.25
With shoulder problem” 0.65 (0.43-0.98) 0.04 0.86 (0.51-1.45) 0.58

“Including 285 players without shoulder problems at baseline (139 intervention, 146 control)

bI1'1cluding 249 players with shoulder problems at baseline (125 intervention, 124 control)

Players in the control group represent the reference group.
To investigate the influence of compliance on the risk of reporting shoulder problems within the
intervention group we performed subgroup analyses including players depending on their
compliance (Table 9). These analyses did not reveal any clear dose-response association.
However, players in the intervention group reporting more than zero compliance (n=248) had a
69% lower risk of reporting substantial shoulder problems compared to players reporting zero
compliance (n=16; OR 0.31, 95% CI 0.15 to 0.67, p=0.003), suggesting that completing the
exercise programme between one and two times per week may be sufficient. Nevertheless, as the
average prevalence of substantial shoulder problems was observed to be greater among players
reporting zero compliance (7%, 95% CI 0% to 14%) compared to any degree of compliance (5%,
95% CI 4% to 5%, these results may be influenced by inability to perform the exercise

programme in the zero compliance group. Therefore, the optimal dose remains unknown.

Table 9 Generalised estimating equation models including players in the intervention group meeting the a priori
criteria of sufficient injury data (n=264).

Shoulder problem Substantial shoulder problem
Compliance group n OR (95% CI) P value OR (95% CI) P value
0.1-1.0 sessions per week 77 0.49% (0.20-1.21) 0.125 0.36* (0.16-0.82) 0.02
1.1-2.0 sessions per week 88  0.69%* 0.27-1.75) 0.435 0.25% (0.10-0.60) 0.002
>2.0 sessions per week 83  0.58* (0.22-1.52) 0.271 0.35*% (0.15-0.82) 0.02

*Players reporting zero completed sessions during the season represent the reference group (n=16).
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The six prevalence measures during the season are illustrated for both groups in Figure 2.

35 1

25 A

Prevalence

October

November December

January February March

Figure 2. Prevalence of shoulder problems and substantial shonlder problems in the intervention group (open squares, shoulder problems;

Sfilled squares substantial shonlder problems) and control group (open triangles, shoulder problems; filled triangles substantial shoulder

problems), with 95% confidence intervals, measnred six times during the season.

Simple comparison of the prevalence measures revealed a lower average prevalence in the

intervention group of both shoulder problems (mean difference: 6%) and substantial shoulder

problems (mean difference: 3%) compared to the control group (Table 10).

Table 10 Average prevalence of shoulder problems and substantial shoulder problems in both groups

and in both sexes.

Group n Shoulder problems Substantial shoulder problems
Intervention 331 17 (16-19) (4-6)

Male players 171 16 (14-18) (3-5)

Female players 160 19 (17-21) 4-7)
Control 329 23 (21-26) 8 (7-9)

Male players 168 20 (15-26) (6-7)

Female players 161 26 (26-27) 9 (8-11)

Data are shown in percentage (%) with 95% confidence intervals

This is the first randomised controlled trial to evaluate the effect of an exercise programme

designed to prevent overuse shoulder injuries in elite handball, or overhead sport in general

(Lauersen et al., 2014), although similar observations have been demonstrated in a six-month

pilot study including 109 elite youth female handball players (53 intervention, 56 control) by

Osteras et al. (2015). They found that the prevalence of shoulder complaints decreased during the

intervention period among players completing specific shoulder strengthening exercises. Similar

to our study, the exercises were implemented as a part of the warm-up and consisted of exercises

to increase rotational shoulder strength and scapular muscle strength. Recently, the same research
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group reported conflicting results assessing the effect of a similar exercise programme in a seven-
month randomised controlled trial including 106 elite youth female players (53 intervention, 53
control) (Sommervold & Dsteris, 2017). Using current shoulder pain on a visual analog scale
(VAS) as outcome, they reported no effect on the group mean VAS values measured seven times
during the season. However, they did not perform any analyses to account for changes over time
and the sample size can be questioned. Considering that established methods are emphasised as
preferable when assessing overuse conditions in athletes, their registration of cases and use of
outcome measute can also be questioned (Clarsen et al., 2013; Clarsen et al., 2014b; Bahr et al.,

2017).

Female players within both groups in the current study reported a higher prevalence of shoulder
problems (mean difference: 3% to 6%) and substantial shoulder problems (mean difference: 1%
to 2%) compared to male players (Table 2). However, as a study investigating risk factors for
shoulder injuries previously has been performed in elite male handball in Norway (Clarsen et al,,
2014a), these differences may be influenced by increased awareness of shoulder problems among

male players in this project.

Limitations of the study

One of the main limitations of this study is that we did not perform baseline and follow-up
testing to examine the effect of the exercise programme on the different risk factors targeted.
This information could have provided important knowledge to confirm previously identified risk
factors and possibly revealed why the exercise programme had a preventive effect on shoulder
problems. For example, if we could demonstrate that players in the intervention group increased
their external rotation strength during the study petiod, this would have strengthened the
relationship between external rotation strength and shoulder injury, and established increased
external rotation strength as an effect of the exercise programme. Furthermore, this information
may have allowed us to shorten the programme. Considering the low compliance in the current
study and the fact that programme length was an important barrier to implementation (Paper

III), shortening the programme may improve compliance.

There are also a number of limitations related to the methods used to monitor player exposure
and compliance with the exercise programme. First, exposure data were self-reported as the
number of minutes and compliance data were self-reported as the number of sessions completed

during the past seven days; both are cleatly vulnerable to recall bias. Second, the season averages
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for both exposure and compliance data are approximations based on the six measurements

recorded during the season.

Implications for injury prevention

This is the first randomised controlled trial to evaluate the effect of an exercise programme
designed to prevent overuse shoulder injuries in elite handball. Our results suggest that an
exercise programme targeting glenohumeral internal rotation, external rotation strength, scapular
muscle strength, kinetic chain and thoracic mobility should be included as a part of the general

warm-up in elite handball.
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Risk factors for overuse shoulder injuries in elite handball (Paper II)

Our results are based on 276 players from the control group of the intervention study (Paper I)
who responded at least one time to the questionnaire throughout the season. As players were
excluded if they did not have a test result or experienced pain during testing, between 238 and
267 players were included in each analysis. Sixteen players had an average severity score above
the cut-off for being classified as injured (=40) and constituted the injured group in risk factor
analyses. Acute injuries reported during the season were not included when players were

categorised as injured or not injured (n=13).

Risk factor analyses

Demographics

No associations were identified between overuse shoulder injury and demographic variables.

Glenohumeral range of motion

As shown in Figure 3, comparisons of range of motion between the dominant and non-dominant
shoulder revealed significant differences, with dominant shoulders demonstrating reduced
internal rotation in male (mean difference: 4° 95% CI 3° to 5°, p<<0.01) and female players (mean
difference: 6° 95% CI 5° to 8°, p<0.01), increased external rotation in male (mean difference: 2°,
95% CI 0.2° to 3°, p<0.03) and female players (mean difference: 3°, 95% CI 2° to 5°, p<0.01)
and less total rotational motion in male (mean difference: 2°, 95% CI 1° to 4°, p<0.01) and

female players (mean difference: 3°, 95% CI 1° to 4°).
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Figure 3. Range of motion of dominant shonlders (white boxes) and non-dominant shoulders (hatched boxes) for both sexes; *p<0.05
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Similar findings have been demonstrated in a range of asymptomatic overhead athletes and are
generally considered as normal adaptations to repeated overhead throwing (Ellenbecker et al.,
1996; Baltaci et al., 2001; Ellenbecker et al., 2002; Reeser et al., 2010; Wilk et al., 2012; Almeida et
al., 2013; Forthomme et al., 2013; Kibler et al., 2013a; Manske et al., 2013; Myklebust et al.,
2013a; Camp et al., 2017). Nevertheless, several prospective cohort studies on overhead sport
have reported associations between measures of glenohumeral range of motion and dominant
shoulder injury, i.e. internal rotation deficit, reduced absolute internal rotation, total rotational
motion deficit, reduced absolute total rotational motion and external rotation deficit (Table 2)
(Shanley et al., 2011; Wilk et al., 2011; Clarsen et al., 2014a; Shanley et al., 2015; Wilk et al., 2015;
Shitara et al., 2017). None of these risk factors were confirmed in the current study. In fact, our
data demonstrated conflicting results compared to previous research, as an association between
increased absolute internal rotation and shoulder injury was observed (OR 1.16 per 5, 95% CI
1.00 to 1.34, p=0.046). However, as the magnitude of this association appears to be limited (16%
increased risk per 5° increase in internal rotation) and the reliability of out range of motion

measurements is questionable (see limitations below), this result must be interpreted with caution.

Isometric strength dominant shoulder

Male players were stronget in both external rotation (mean difference: 0.23 N/kg, 95% CI 0.12 to
0.33, p<0.01) and external rotation (mean difference: 0.13 N/kg, 95% CI 0.02 to 0.25, p<0.01)

in their dominant shoulder compared to female players. The average ratio of external to internal
rotation strength was 96% (SD 17%) in male players and 91% (SD 18%) in female players (mean
difference: 5%, 95% CI 1% to 9%, Figure 4).
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Figure 4. Isometric strength differences in the dominant shoulder between sexes (female, white; male, hatched boxes).

IR, internal rotation; ER, external rotation; ER:IR, ER fo IR strength ratio; *p<0.05
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In contrast to previous prospective cohort studies reporting external rotation weakness and lower
ratios of external to internal rotation strength as risk factors for shoulder injury in overhead sport
(Table 3) (Byram et al., 2010; Edouard et al., 2013; Forthomme et al., 2013; Clarsen et al., 2014a;
Moller et al., 2017; Shitara et al., 2017), our results did not reveal any significant associations

between strength measures and injury risk.
Scapular dyskinesis

A total of 205 players (71%) were rated as having any degree of scapular dyskinesis in their
dominant shoulder (102 male, 103 female) and 44 players (15%) were rated as having obvious

scapular dyskinesis in their dominant shoulder (18 male, 26 female).

Similar to several cohort studies including overhead athletes (Table 4) (Forthomme et al., 2013;
Myers et al., 2013; Struyf et al., 2014; Shitara et al., 2017), our results did not demonstrate any
significant association between scapular dyskinesis and shoulder injury, which is in contrast to
our previous cohort study in elite male handball, employing similar methods (Clarsen et al.,
2014a). However, as multiple testers performed the assessments and the reliability of our scapular

assessments is variable (see limitations below), these results must be interpreted with caution.

Limitations of the study

Test reliability

A key limitation of this study is that we, due to the large cohort and geographical challenges, used
multiple testers, and there was large variability in both the inter- and intrarater reliability (Table
11). In particular, the poor inter and intrarater reliability of our range of motion measures reflects
the variation of the data presented in Figure 3 and is clearly a threat to the internal validity of the
current study. Similatly, as the interrater reliability of our scapular assessments was found to
range from poor to good (ICC: 0.32 to 0.82), this may have increased the probability of a type 11

error when investigating the association between scapular dyskinesis and shoulder injury.
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Table 11 ICC for measures of isometric rotational strength and glenohumeral range of motion.

Interrater Intrarater
ICC (3.1) (95% CI) ICC (2.1) (95% CI)

Isometric strength

IR 0.85 (0.69 to 0.93) 0.94 (0.86 to 0.98)

ER 0.86 (0.70 to 0.94) 0.86 (0.73 to 0.98)
Range of motion

IR 0.31 (0.08 to 0.57) 0.65 (0.33 to 0.84)

ER 0.31 (0.08 to 0.56) 0.72 (0.45 to 0.87)

ICC, intraclass correlation coefficients; IR, internal rotation; ER, external rotation; ROM, range of
motion

Test selection

To ensure comparability to our previous publication (Clarsen et al., 2014a), we used a similar
selection of shoulder tests. However, two modifications were made to the isometric
measurements of rotational shoulder strength and may have reduced the comparability. First, the
shoulder position was changed to 90° of abduction due to its resemblance with the throwing
position. And second, to limit measurement error related to manual fixation of multiple testers,
we externally fixated the handheld dynamometer (Moller et al., 2017). Additionally, it can be
questioned to which degree isometric testing in this position relates to shoulder strength in a
throwing position. Similarly, the validity of both our scapular control assessments and range of
motion measurements can be questioned, as they clearly differ from actual throwing. For
example, when comparing range of motion measurements of external rotation with throwing
kinematics, van den Tillaar (2016) reported a weak correlation, with greater values during actual

throwing,.

Risk factors interact and change over time

Similar to our previous publication (Clarsen et al., 2014a), we analysed the risk factors
individually, without taking into account that they may interact. This conflicts with the recent
recommendations by Bittencourt et al (2016), emphasising the importance of investigating how
risk factors may interact, and is as a limitation of our study. Furthermore, risk factors should be
considered as temporal and be expected to change over time (Meeuwisse et al., 2007), e.g.
reduced strength throughout a competitive season. This suggests that repeated measurements and
prospective monitoring of risk factors should be performed. However, as we did not assess

potential interaction or changes with time, this must also be considered as a limitation.
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Statistical power

The number of cases representing injured players in the risk factor analyses is an important
limitation of the study. Similar to our previous publication (Clarsen et al., 2014a), we used =40 on
the average severity score as a cut-off to classify players as injured, resulting in 16 cases in total in
the current study (11 male, 5 female), versus 14 in the previous one. This cut-off can be justified
from a clinical perspective, as we are likely to capture shoulder problems that truly affect the
players. However, it challenges the internal validity of both studies and may have increased the
likelihood of both type I and type II errors in the risk factor analyses. This can possibly explain
the conflicting results between our studies, as both are underpowered. Naturally, this also

inhibited us from performing sub-analyses separately for each gender.

Implications for injury prevention

The current study, employing similar methods to our previous publication, did not confirm risk
factors reported to be associated with shoulder injuries in elite handball (Clarsen et al., 2014a),
including reduced glenohumeral total rotational motion, external rotation weakness and scapular
dyskinesis. However, considering the limitations of the current study and our previous
publication, the relationship between these risk factors and shoulder injuries in elite handball

remains unknown.
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Methodological considerations (Paper | and II)

Inclusion of players irrespective of injury status or history

Traditionally, injury prevention studies and risk factor studies exclude players injured at baseline
and only record new injuries throughout the study period, which is emphasised as an important
premise to establish causal relationships between risk factors and injury, as well as to investigate
the primary preventive effect of an intervention (Shrier, 2007; Jacobsson & Timpka, 2015).
However, applying such an approach in Paper I and II would have been inappropriate, as
exclusion of players reporting shoulder problems at baseline (n=249, 47%) would have resulted
in a biased study population, not representative of elite handball players, where overuse shoulder
injuries with periods of remission and exacerbation are common. Therefore, we included players
present at training sessions, irrespective of their baseline injury status or history (Paper I and II).
However, we did exclude players experiencing shoulder pain during the actual shoulder testing
from the risk factor analyses (Paper II). Consequently, our results from Paper I encompass both
primary and secondary prevention, and in Paper II, we are limited to assess associations between

risk factors and overuse shoulder injury and causation cannot be assumed.

Prospective injury registration

To register shoulder problems during the season (Paper I and II), we distributed the OSTRC
Overuse Injury Questionnaire to all players at a regular basis. This method is previously shown to
capture more than 10 times as many cases than a standard injury surveillance method using a
traditional time-loss definition, and is recommended in the study of overuse injuries in athletes
(Clarsen et al., 2013). Ideally, we would have preferred players to respond to the questionnaire
each week during the season, as originally described. However, considering the low response rate
observed in a previous publication distributing the questionnaire bi-weekly in elite male handball

(63%), we decided to only distribute the questionnaire on a monthly basis, six times in total.

As the questionnaire only allowed players to report shoulder problems and/or acute shoulder
injuries during the past seven days, we are uncertain how players may have responded in cases
where they were affected by a problem not related to the shoulder. This may have led to missing
data or overestimation of shoulder problems. To exemplify, if a player experienced a lower back
problem, he might omit to respond to the questionnaire or report the lower back problem as a
shoulder problem. Thus, we should have included an additional question allowing players to

specify whenever they sustained a problem not related to the shouldet.
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Implementation context (Paper IlI)

Our results are based on 88 survey responses from team captains (n=44) and coaches (n=44)
representing the teams constituting the intervention (21 teams) and control arm (23 teams) in our
cluster-randomised controlled trial (Paper II). As the head coach of each team nominated the
individual responsible for the team’s prevention and physical training to take part in the survey,
the coach group consisted of a varied selection of responders: 23 head coaches, 11 fitness
coaches, six individuals with a combined responsibility for fitness and medical follow-up (e.g.

physical therapist) and three assistant coaches.

Team captains and coaches perspective on shoulder injury prevention

The questionnaire section addressing attitudes, beliefs and current behaviours in both study arms
(n=88, 44 coaches, 44 captains) revealed that the vast majority of coaches (n=37) and captains
(n=39) believed that handball players are at high risk for shoulder injuries and that an exercise
programme would have a preventive effect (coaches 43, captains 38). In fact, the majority
responded to previously having performed prevention training to reduce the rate of shoulder
injuries (coaches 35, captains 29) However, 12 coaches and 21 captains reported that it is more
important to spend time on specific handball training than injury prevention training. According
to the majority of coaches (n=35) and captains (n=21), their medical staff was strongly positive
towards prevention of shoulder injuries, whereas players were reported to be positive (coaches
28, 26 captains). Coaching staff was reported to be strongly positive by coaches themselves
(n=25) and to be positive by captains (n=29). The majority of both coaches (n=16) and captains
(n=24) responded to have no knowledge of their administration’s attitudes towards shoulder

injury prevention.

No previous studies have investigated attitudes, beliefs and current behaviours towards shoulder
injury prevention in handball. Our results show that the majority of coaches and captains in elite
handball perceive that players are at high risk of injury and that the general belief is that an
exercise programme will reduce the risk, suggesting that there is fertile ground for

implementation.

Application of the exercise programme in the intervention group

All delivery agents (21 coaches, 21 captains) in the trial (Paper II) reported to be familiar with the
OSTRC Shoulder Injury Prevention Programme and the majority believed that it would prevent

shoulder injuries (19 coaches, 17 captains) The majority of respondents were satisfied with the
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education and follow-up they had received on the execution of the programme (coaches 17,
captains 17) and reported that the programme was well suited as a part of the handball warm-up
(coaches 13, captains 16), with good variation and progression of the exercises (coaches 17,
captains 17). These factors have previously been reported as important facilitators to
implementation of exercise programmes in team ball sport (Cumps et al., 2007; Soligard et al.,
2008; Steffen et al., 2008; Kraemer & Knobloch, 2009; Kiani et al., 2010). Additional facilitators
emphasised in our material were “expected preventive effect” (coaches 21, captains 13),
“expected performance gains” (coaches 12, captains 7), “influence from the team medical staff”

(coaches 7, captains 11) and “sense of duty” (coaches 6, captains 11).

Despite these results, suggesting that adoption and implementation of the exercise programme
was successful, the majority of delivery agents reported that their team completed the exercise
programme less than the three times per week recommended (coaches 15, captains 18). Less than
half responded to have performed the programme as a part of the warm-up (coaches 10, captains
7), with before organised training (coaches 12, captains 14) reported as the most common
completion setting, suggesting that alternative implementation settings should be explored. Only
six coaches and five captains responded that they would continue to perform the full version of
the exercise programme next season. Similar to previous injury prevention studies reporting on
the uptake of exercise programmes (Petersen et al., 2005; Cumps et al., 2007; Engebretsen et al.,
2008; Soligard et al., 2010; Petersen et al., 2011), “programme length” was emphasised as an
important barrier to implementation (coaches 14, captains 17). Additional barriers emphasised in
our material were “lack of player motivation” (coaches 16, captains 13) and “low priority of the

head coach” (coaches 3, captains 8).

Limitations of the study

One of the main limitations of this study is that we did not validate nor test the reproducibility of
the survey, which naturally is a threat towards the internal validity of our results. Additionally, as
the survey only included team captains, we do not know to what extent their responses reflect the
views of their teammates. Similarly, as the individual nominated to respond on behalf of the
coaching staff varied among teams, we cannot generalise our results to head coaches at the elite
level. Furthermore, we do not know if our results are transferable to lower completion levels or

to younger age groups.
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Implications for implementation of the exercise programme

Despite these limitations, our results provide important information on the facilitators to
emphasise in future implementation of the OSTRC Shoulder Injury Prevention Programme.
However, prior to widespread dissemination in the handball community, research efforts are
warranted to reduce the length of the programme and initiatives to increase motivation to

perform the programme should be explored.

70



Results and discussion

Acute injury mechanisms and referee performance (Paper V)

Our results regarding injury mechanisms are based on 55 videos of real-time acute match injuries
during the 24® Men’s Handball World Championship. When assessing referee performance in
relation to acute injury situations, we only included videos showing the referees decision during

the matches (n=37).

Description of acute injury mechanisms

The video analysis of the acute injury situations (n=>55) revealed that contact trauma due to a
tackling episode between opponents was the most frequent acute injury cause (n=27), followed
by landing trauma subsequent to a tackling episode (n=8). Hence, a tackle between opponents
was the most frequent event observed at time of injury in our video material (n=35). This
supports the results of previous studies retrospectively reporting direct contact with an opponent
as the main injury cause in handball (Nielsen & Yde, 1988; Seil et al., 1998; Junge et al., 2000;
Langevoort et al., 2007). However, as these studies are based on retrospective reporting by the
injured players or their medical team, ours are the first results based on real time analysis of acute

injury situations.

The distribution of injuries was observed to be even between attackers (n1=29) and defenders
(n=22), with the majority of injuries occurring between the 6- and 9-m lines on the court (n=37).
At the time of injury, the back position was the most common playing position for attackers
(n=19) and mid-defence for defenders (n=15). Injured attackers were most frequently
performing a jump shot at the time of injury (n=9), whereas defenders most frequently tackled
the throwing arm of an attacker performing a jump shot when sustaining an injury (n=10).
Hence, the most common playing situation observed at the time of injury were similar for both

attackers and defenders.

Despite video analysis previously highlighted as an important approach to obtain accurate
information on how injuries occur (Krosshaug et al., 2005), only one previous study has
employed this method in handball, specifically to investigate the whole body and joint
biomechanics at the time of non-contact anterior cruciate ligament injuties (Olsen et al., 2004).
Thus, this paper provides new information on the mechanisms of acute injuries in elite handball,

especially in relation to the events leading up to injuries during matches.
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Injury mechanisms of specific body regions

When developing the analysis form, the expert panel agreed to include specific sections on
injuries to the head/face, knee and ankle, as these body parts were emphasised as relevant for
video analysis in the preceding injury surveillance study conducted during the championship
(Bere et al., 2015). However, due to the limited number of cases included in this material, i.e. 17
head/face injuties, 6 ankle injuries and 4 knee injuries, our results must be interpreted with
caution. Furthermore, it is important to note that our results only describe the joint biomechanics
at a superficial level, without any kinematic analysis software. Thus, these desctiptions should

receive less attention.

No previous studies have reported on the mechanisms of head/face injuries in handball.

All injuries were classified as contact trauma (n=17), with a tackling episode observed at the time
of injury in majotity of situations (n=12). A straight blow to the front of the head/face region
was the most common injury mechanism (n=10). An interesting observation was that despite
more than half of the injuries requiring medical attention on court (n=11), only four players were
withdrawn from play. This raised some questions in the expert panel: “Do the medical teams
perform relevant and valid assessments of potential concussions during matches?”” “Do they have

the opportunity and time to perform such assessments?”’

Referee decisions and performance

The recording of referee decisions in acute injury situations (n=37) showed that foul played was
called in 62% of the cases (n=23), with only a minority leading to the use of sanctions (n=8), all
two-minutes suspensions of defenders. All situations leading to foul play resulted in free throws,
with the vast majority in favour of the attacking team (defensive foul, n=20), despite injuries
being evenly distributed among attackers and defenders. None of the situations qualified for a

penalty throw and no yellow or red cards were awarded by the referees in the video material.

As shown in Table 12, there was agreement between the referees and the expert panel in only 14
of the 37 situations leading to an acute injury (kappa: 0.22, 95% CI 0.07 to 0.36), with
substantially stricter interpretation of the rules in the expert panel. In fact, the expert panel
awarded two yellow cards and three two-minute suspensions in relation to three free throws and
two penalties, all in favour of the attacking team (defensive foul), in five situations in which the
referees called no foul. In addition, the expert panel sanctioned an attacking player perpetrating
an offensive foul with a red card in one situation in which the referees called no foul. When

investigating the overall use of sanctions, the expert panel awarded an additional five yellow cards
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and 11 two-minute suspensions in 16 situations in which the referees refrained from the use of

sanctions.

Table 12 The decisions made by the referees versus the decisions made by the expert referee panel for acute
injury situations (n=37)

Referees
Two-min
Expert panel No foul Free throw®  Free throw®  Yellow card suspension Red card
No foul 8 1 1 - - -
Free throw® - 2 - - - -
Free throw” - - - - - -
Yellow card 2 3 - - 1 -
Two-min suspension 3 6 2 - 4 _
Red card 1 0 . ) 3 )

In favour of attacking team (defensive foul), P favour of defending team (offensive foul)

The shaded cells denote agreement between the match referees and the expert panel

Previous information on foul play in relation to acute injuries in handball is solely based on
retrospective data reported by team physicians, showing that foul play was present in 44% to
77% of acute injuries during international tournaments, in which the referees sanctioned 48% to
74% of these (Langevoort et al., 2007). Thus, our paper is the first to describe and evaluate
referee decisions in relation to acute injury situations using appropriate methods, providing new
information that may be valuable in guiding preventive measures towards stricter refereeing and

potentially also rule amendments.

Limitations of the study

The time of injury was determined subjectively and was in most cases obvious according to the
expert panel. However, as this may differ from the actual onset in real life, this must be
considered as a limitation of the study. Furthermore, the cases included are limited to match play
and there may be additional or different mechanisms involved during training. In addition, as the
video material consisted of limited camera angles and only included a minimum of 5 s preceding
and following the injury situations, our ability to describe the mechanisms may have been
affected. And finally, the external validity is limited due to the homogenous population and the

limited number of cases included, especially when reporting on the specific body parts.

73



Results and discussion

The videos not showing the referees and their decisions (n=18) were excluded from the material
and may have biased our sample. However, it seems reasonable to assume that these videos were
random. The decisions made by the expert panel were used as the gold standard when evaluating
the referee performance. However, we cannot be certain that their evaluations were correct,

which is an important premise of this approach.

Additional limitations due to differences between live evaluations compared to on video may also
have affected our results, as previous evidence shows that referees (ice hockey) tend to be stricter
in their interpretation of rules when evaluating situations on video (Trudel et al., 2000). First,
environmental factors, such as crowd noise and coach influence, may have affected the decision
making during the championship (Wilkins et al., 1991; Nevill et al., 2002). In contrast, these
factors will not be present during video evaluation. Second, the expert panel had access to
multiple camera angles in most cases, with the opportunity to watch unlimited slow-motion
replays, providing them with advantages in their evaluations. Third, as the videos were limited in
length, this may have affected the expert panels ability to account for events occurring prior to
the specific injury situation, e.g. not interfere if they consider the attacker not to be obstructed
and will benefit from continued play. Finally, our results may be affected by cultural differences
between the homogenous expert panel (Norwegian referees) and the championship referees

(multinational) in relation to their tradition of refereeing and adherence to the rules of the game.

Implications for injury prevention

Despite the limitations of this study, our results provide new evidence supporting rule
amendments and stricter rule enforcement as measures to consider in the prevention of acute
injuries in elite handball. Specifically, delayed video review of matches with the possibility to
retrospectively sanction players violating the rules, as well as extensive referee education with
emphasis on playing situations with injury potential, i.e. tackling episodes when an attacker is
performing a jump shot, should be communicated as potential measures and tested in future

research.
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Conclusions

1. The OSTRC Shoulder Injury Prevention Programme, an exercise programme to increase
glenohumeral internal rotation, external rotation strength and scapular muscle strength,
as well as improve kinetic chain and thoracic mobility, reduced the prevalence and risk of

shoulder problems in elite handball and should be included as a part of the warm-up.

2. None of the risk factors previously reported to be associated with shoulder injuries in
elite male handball, including glenohumeral total rotational motion, external rotation
strength and scapular dyskinesis, could be confirmed in a mixed-sex cohort of elite

handball players.

3. Coaches and captains in elite handball believed that players are at high risk of shoulder
injuries and that an exercise programme targeting risk factors would be effective. This
suggests that there is fertile ground for implementation of the OSTRC Shoulder Injury
Prevention Programme. However, as programme length and lack of player motivation
were important barriers to implementation, shortening the programme and strategies to

enhance player motivation may be beneficial.

4. Tackling episodes occurring when an attacker performed a jump shot was the most
common playing situation observed when both attackers and defenders sustained an
acute injury in elite male handball. Compared to an expert referee panel, the referees were
found to be substantially more lenient in their interpretation of rules and use of sanctions

in acute injury situations.
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Future perspectives

As described in this dissertation, the OSTRC Shoulder Injury Prevention Exercise Programme
reduced the risk of shoulder problems in elite handball, suggesting that dissemination and
widespread use in the handball community would be beneficial. However, it should be
recognized that several challenges remains to succeed with implementation in a real-world sport
setting. First, the time it takes to complete the programme was emphasised as an important
batrier to implementation, suggesting that efforts to reduce the length of the programme is
needed. In this regard, our research group has recently initiated a project to assess the effect of
the programme on glenohumeral joint range of motion, shoulder rotational strength and scapular
dyskinesis. These results may provide information to explain what caused the effect of the
programme and potentially allow us to reduce the length, e.g. if only external rotation strength
increases, exercises with this potential should be prioritised. Second, the majority of coaches and
captains reported to complete the programme prior to organised training, suggesting that
initiatives to make the programme more suitable as a part of the warm-up routine should be
performed in collaboration with representatives from the handball community. And finally,
future dissemination efforts should include initiatives to motivate coaches and players to adopt
the programme, as lack of player motivation and lack of priority among the head coaches was
reported as key barriers to implementation. These efforts should emphasise the preventative
effect of the programme, as this was reported as the most important motivator to

implementation.

Future research is needed to investigate risk factors for shoulder injuries in elite handball and
should progress to assess how different risk factors interact (Bittencourt et al., 20106), with
exposure to handball activity considered as the primary risk factor (Moller et al., 2017). Ideally,
the exact individual throwing workload should be monitored prospectively. However, accurate

and feasible methods to complete this are not yet available (Black et al., 2016).

Rule amendments and stricter rule enforcement should be considered to prevent acute match
injuries in elite handball, especially in relation to tackling episodes when an attacker is performing
a jump shot. Specific measures to consider are delayed video review of matches with the
possibility to retrospectively sanction players violating the rules, as well as extensive referee
education focusing on playing situations with injury potential, i.e. defender use of extended arms
during tackles and attacker use of knee, elbow and hand during jump shots. These measures to
reduce foul play should be communicated at an organisational level and be addressed by future

research to assess the effects on acute injury rates.
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ABSTRACT

Background Shoulder problems are highly prevalent
among elite handball players. Reduced glenohumeral
rotation, external rotation weakness and scapula
dyskinesis have been identified as risk factors.

Aim Evaluate the effect of an exercise programme
designed to reduce the prevalence of shoulder problems
in elite handball.

Methods 45 elite handball teams (22 female teams,
23 male teams, 660 players) were cluster randomised
(22 teams, 331 players in the intervention group, 23
teams, 329 players in the control group) and followed
for 1 competitive season (7 months). The Oslo Sports
Trauma Research Center (OSTRC) Shoulder Injury
Prevention Programme, an exercise programme to
increase glenohumeral internal rotation, external
rotation strength and scapular muscle strength, as well
as improve kinetic chain and thoracic mobility, was
delivered by coaches and captains 3 times per week as
a part of the handball warm-up. The main outcome
measures, prevalence of shoulder problems and
substantial shoulder problems, were measured
monthly.

Results The average prevalence of shoulder problems
during the season was 17% (95% Cl 16% to 19%) in
the intervention group and 23% (95% Cl 21% to
26%) in the control group (mean difference 6%). The
average prevalence of substantial shoulder problems
was 5% (95% Cl 4% to 6%) in the intervention group
and 8% (95% Cl 7% to 9%) in the control group
(mean difference 3%). Using generalised estimating
equation models, a 28% lower risk of shoulder
problems (OR 0.72, 95% Cl 0.52 to 0.98, p=0.038)
and 22% lower risk of substantial shoulder problems
(OR 0.78, 95% Cl 0.53 to 1.16, p=0.23) were
observed in the intervention group compared with the
control group.

Conclusions The OSTRC Shoulder Injury Prevention
Programme reduced the prevalence of shoulder
problems in elite handball and should be included as a
part of the warm-up.

Trial registration number ISRCTN96217107.

INTRODUCTION

Shoulder injuries, predominantly from overuse,
have been highlighted as an area warranting pre-
ventative efforts in a wide variety of throwing
sports,' ™% where the shoulder is exposed to large
demands due to repeated overhead motion at high
velocity."*"'® Elite handball is no exception; a
history of shoulder pain is common (44-75%), the
point prevalence of current shoulder pain is high

(20-52%) and the average weekly prevalence of
shoulder problems (28%) and substantial shoulder
problems (129) is significant.> 7 7

Several internal modifiable risk factors for shoul-
der injury have been investigated among throwing
athletes, predominantly handball and baseball
players. In handball, reduced glenohumeral internal
rotation and excessive glenohumeral external rota-
tion have been suggested as risk factors in a cross-
sectional study.'® In a prospective study, a reduction
of total glenohumeral rotation has been associated
with shoulder problems.” Similarly, in baseball,
reduced glenohumeral internal rotation and total
rotational range of motion have been linked to
shoulder injury® ° 172! Regarding rotator cuff
strength, external rotation weakness and low ratios
of concentric and eccentric external to internal
rotation strength have been reported as risk factors
in handball and baseball.? © 2>~ In addition, weak-
ness in glenohumeral abduction strength has been
associated with shoulder injury in baseball.® ** *
Recently, the presence of scapular dyskinesis was
reported as a risk factor correlated with shoulder
problems in elite handball.> However, this factor
has not been associated with shoulder injury among
baseball players.?® Reduced kinetic chain function
and limited thoracic mobility are often implicated
in shoulder injuries,”” ** despite a lack of evidence
associating these factors with shoulder injury.

There are no randomised controlled trials target-
ing prevention of overuse shoulder injuries in elite
handball, or throwing sports in general.*’ Thus,
the main objective of this randomised controlled
trial was to evaluate the effect of an exercise pro-
gramme designed to reduce the prevalence of
shoulder problems in elite handball.

METHODS

Study design and participants

This was a two-armed cluster-randomised con-
trolled trial. The authors followed and completed
the Consolidating Standards for Reporting Clinical
Trials (CONSORT) with the subsequent extension
to cluster randomised trials.’® During the off-
season (June to July 2014) we invited, in collabor-
ation with the Norwegian Handball Federation,
every male and female handball team (n=48) in the
two top divisions (elite level) in Norway to partici-
pate in the study. Of these, 46 teams agreed to par-
ticipate and were randomised by team into an
intervention or control group (figure 1). A neutral,
blinded person who had no further involvement
in the study conducted and revealed the
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Approached for recruitment
(n=48 teams; 705 players)

Declined to participate
(n=2 teams; 28 players)

Randomised
(n=46 teams; 677 players)

Prevention
(n=23 teams; 344 players)

Control
(n=23 teams; 333 players)

[

Declined to participate at baseline
(n=1 team, 13 players)

Declined to participate at baseline
(n=4 players)

Prevention
(n=22 teams; 331 players)

Control
(n=23 teams; 329 players)

Dropout (n=51)
Withdrawn (n=22)
Retired from handball (n=7)
Pregnant (n=2)

Acute injury rest of season (n=20)

Dropout (n=39)
Withdrawn (n=16)
Retired from handball (n=11)
Pregnant (n=1)

Acute injury rest of season (n=11)

I

I

Players with insufficient injury data
(n=67)

Players with insufficient injury data
(n=59)

I

Players included
in the primary analysis
(n=264)

Players included
in the primary analysis
(n=270)

Players without shoulder problem
at baseline
(n=139)

Players without shoulder problem
at baseline
(n=146)

Players with shoulder problem
at baseline
(n=125)

Sub-analysis

Players with shoulder problem
at baseline
(n=124)

Figure 1

randomisation after the final team had been recruited to ensure
concealment of allocation. A computer-generated list of random
team numbers was used to randomise teams stratified by gender
and competition level, where all players from the same team
were assigned to the same group. The randomisation aimed to
achieve a balanced number of female and male teams from the
two top divisions in the intervention and control groups.

We visited each team (n=46) during a training session in the
preseason (August to mid September 2014) and invited every
player present to participate in the study. All players with a team
contract were eligible for participation, irrespective of their

Study flow chart showing the recruitment, dropout and the number of players included and analysed.

baseline injury status or history (N=677). Players who consented
to participate completed baseline questionnaires and were fol-
lowed for the duration of the regular season (September 2014
through March 2015). Six times during the season, players
reported any shoulder problems using the Oslo Sports Trauma
Research Center (OSTRC) Overuse Injury Questionnaire,®! as
described in a previous study on risk factors for shoulder pro-
blems among male elite handball players.” During our baseline
visit, we instructed teams in the intervention group on how to
use the exercise programme to be implemented during the subse-
quent week. We asked control teams to warm up as usual.

1074 Andersson SH, et al. Br J Sports Med 2017;51:1073-1080. doi:10.1136/bjsports-2016-096226



Downloaded from http://bjsm.bmj.com/ on November 20, 2017 - Published by group.bmj.com

Original article

Baseline questionnaires

We registered demographic and anthropometric data, dominant
arm, playing position and number of years as an active handball
player. Players reported a history of shoulder pain and current
shoulder pain using a modified version of the Fahlstrom ques-
tionnaire, previously used in studies on elite handball players.”> 7
Players reported acute shoulder injuries within the past
6 months and shoulder surgery within the past 12 months. This
information was crosschecked with the team medical staff.
Finally, we asked them to report any shoulder problems during
the previous weeks using the OSTRC Overuse Injury
Questionnaire.>!

Intervention

We created a preliminary version of the exercise programme
based on risk factors for shoulder problems identified among
elite handball players.” '® 2> An expert panel consisting of a
fitness coach employed by the Norwegian Handball Federation
and four physiotherapists clinically working with handball
players nationally and internationally reviewed the exercise pro-
gramme. A female handball team in a lower division, not
included in the study, tested the exercise programme and
responded to a questionnaire based on the Reach Effectiveness
Adoption Implementation Maintenance framework to provide
information regarding their beliefs and experiences of content,
duration, load and applicability of the exercise programme.®* *3

The final version of the OSTRC Shoulder Injury Prevention
Programme consisted of five exercises with different variations
and levels, aiming at increasing the glenohumeral internal range
of motion, external rotation strength and scapular muscle
strength. In addition, exercises to improve the kinetic chain and
thoracic mobility were included on the basis of recommenda-
tions from the expert panel. Examples of exercises included in
the programme are illustrated in figure 2. Detailed information
on the OSTRC Shoulder Injury Prevention Programme is avail-
able as an online supplementary appendix.

Players in the intervention group were targets for the exercise
programme. Coaches and team captains were delivery agents
and received, together with team medical staff, specific training
on the content and execution of the exercise programme. We
recommended implementing the exercise programme three
times per week as a part of the team’s regular warm-up to train-
ing, before any throwing activity. Teams received posters of the
exercise programme, as well as the equipment needed. We
instructed the team medical staff to be present at least one
session every week during the first 4 weeks, and every second
week for the rest of the season, to supervise the quality of the
exercises and ensure that players experiencing pain conducted
the exercises correctly and with the correct load.

We emphasised the quality of movement, correct positioning
of the scapula, good posture and core stability. If a team did not
have their own medical staff, we recruited a physiotherapist. We
completed follow-up visits to all teams in the intervention
group during the mid-season (December 2015 through January
2016) to supervise exercise quality, answer questions and
encourage them to complete the exercise programme as recom-
mended. Once players were familiar with the exercises, the pro-
gramme took about 10 min to complete.

Monitoring of shoulder problems

The OSTRC Overuse Injury Questionnaire was sent electronic-
ally by mail to all players in the study on the last Sunday of each
month from October 2014 to March 20135, six times in total,

using online survey software (Questback V9692, Questback AS,
Oslo, Norway). Automatic reminders were sent to non-
responders after 3 and 7 days per email and SMS (Pling, Front
Information DA, Oslo, Norway). In addition, we visited teams
throughout the season to ensure a high response rate by asking
non-responders to complete the questionnaire on paper. The
questionnaire gathers information on the extent to which
overuse shoulder injuries, expressed as shoulder problems,
affect participation, training volume and performance, as well as
the level of shoulder pain experienced during the past week.
Players were only asked about their dominant shoulder, with
shoulder problems defined as any pain, ache, stiffness, instabil-
ity, looseness or other symptoms related to their shoulder.’! In a
supplementary question, players reported any acute injury to
the dominant shoulder during the past week, defined as an
injury caused by a single identifiable event.’* *° Team medical
staff also reported any acute shoulder injury by mail at the end
of each month (October 2014 to March 2015) and their
records were crosschecked with player reports to avoid misre-
porting of an acute shoulder injury as an overuse injury. Acute
injuries were excluded from the analyses.

Outcome measures

Primary outcomes were the prevalence of shoulder problems
and substantial shoulder problems in the dominant arm, as mea-
sured six times during the season. We calculated the prevalence
of shoulder problems in both groups by dividing the number of
players who reported any problem (ie, anything but the
minimum value in any of the four questions) by the number of
questionnaire respondents.®! To filter problems with fewer func-
tional consequences, we calculated the prevalence of substantial
shoulder problems in the same way, but only including shoulder
problems leading to moderate or severe reductions in training
volume or performance, or a total inability to participate.®!
Secondary outcome was the severity score of shoulder problems
reported during the season. The severity score ranged from 0 to
100 and was calculated on the basis of the four questions in the
OSTRC Overuse Injury Questionnaire for every player reporting
a shoulder problem.>! The severity scores for all players were
summed and divided by the number of respondents. In addition,
we calculated the relative impact of shoulder problems in both
groups by summing player severity scores during the season and
dividing by the total number of responses.

Compliance

We monitored the degree to which the players in the interven-
tion group completed the exercise programme according to our
recommendations through self-reporting. Six times during the
season, players reported how many times they had completed
the exercise programme during the past 7 days, both with the
team and by themselves. The total number of sessions com-
pleted was summed and divided by the number of respondents
to calculate the average weekly compliance with the exercise
programme for each measure.

Exposure

Players reported their exposure to handball training, match play
and additional strength training six times during the season. We
calculated the average weekly exposure to handball training,
match play and strength training (minutes) for each measure in
both groups by summing up the number of minutes reported
and dividing by the number of respondents.
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Figure 2 Examples of exercises aiming to improve glenohumeral range of motion (1A, B), thoracic mobility (2A, B), external rotation strength
(3A, B), scapular muscle strength (4A, B) and kinetic chain (4A, B; A, start position; B, end position).

Sample size

We estimated the sample size on the basis of the average preva-
lence of shoulder problems (28%) and substantial shoulder pro-
blems (12%) reported in a prospective risk factor study of
shoulder problems among male elite handball players.” We
adjusted for cluster correlations (estimated intraclass correlation
coefficient <0.1) based on analysis of variance of within-
participant and within-team prevalence, and assumed that we
could include 15 players from each of the 48 available teams
(n=720). On this basis, we estimated being able to detect a

10% reduction in the prevalence of shoulder problems with a
power of 0.94, and a 6% reduction with a power of 0.87, at a
5% significance level.

Statistical methods

Theoretically, we set three responses to the OSTRC Overuse
Injury Questionnaire as a minimum to include a player in the
analyses. Initial data analyses showed that player response to the
questionnaire was sufficient to estimate missing values using
multiple imputations. We performed multiple imputations with
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the assumption of missing at random and used multivariate
imputation by chained equation algorithm in combination with
a predictive mean matching approach, which led to the pooled
results of five multiple imputed data sets.>® In order to assess
differences in the prevalence of shoulder problems and substan-
tial shoulder problems between the intervention and control
groups over time, we used generalised estimating equation
(GEE) models. We used an exchangeable covariance matrix and
the significance level (o) was 0.05 for all analyses. Any
anthropometric or demographic variables showing a possible
difference between groups at baseline (p<0.2) were added to
the GEE models using a forward selection procedure. However,
since we identified no confounding effects, univariate analyses
were performed. All analyses were performed using SPSS statis-
tical software (SPSS V21, IBM Corporation, New York,
New York, USA).

RESULTS

Participants

A total of 22 prevention teams (n=331) and 23 control teams
(n=329) entered the study, with no group differences in gender
or competition level. Dropout during the study and the
numbers included in the analyses are shown in figure 1. The
male players in the intervention group were younger compared
with the control group, with no other group differences in
anthropometrics or demographics (table 1). Players reported
having played handball for an average of 14 years (SD 3, range
4-37). The majority were right-handed (78%). There were no
group differences in playing position, with 40% backs, 24%
wings, 149 line players, 13% goalkeepers and 7% reporting
multiple positions.

Shoulder pain and problems at baseline

At the time of inclusion, 145 players (45%) in the intervention
group and 155 players (48%) in the control group reported a
history of shoulder pain during the previous handball season.
Current shoulder pain was reported by 93 players (29%) in the
intervention group and 96 players (30%) in the control group.
At baseline, 155 players (47%) in the intervention group and
156 players (48%) in the control group reported a shoulder
problem during the previous 7 days based on the OSTRC
Overuse Injury Questionnaire. Of these, 45 players (14%) in the
intervention group and 46 players (14%) in the control group
reported a substantial shoulder problem. There were no group
differences in the prevalence of shoulder pain or problems
reported at baseline.

Shoulder injuries and surgery at baseline

Five players (1.6%) in the intervention group and seven players
(2.2%) in the control group reported an acute shoulder injury
within the past 6 months; however, all participated in normal

Table 1 Age, height and body mass by gender for both groups

Intervention (n=331) Control (n=329)

handball activity. Team medical staff confirmed this and speci-
fied the diagnoses: two superior labral lesions and three anterior
shoulder dislocations in the intervention group and six superior
labral lesions and one anterior dislocation in the control group.
One player (0.3%) in the intervention group and two players
(0.6%) in the control group had undergone shoulder surgery
within 12 months before baseline; however, all three were par-
ticipating in normal handball activity. There were no group dif-
ferences in the prevalence of acute shoulder injuries or surgery
reported at baseline.

Response rate

The average response rate for the OSTRC Overuse Injury
Questionnaire was 87% (range 84-93%) in the intervention
group and 85% (range 82-879%) in the control group. Complete
injury data were available from 57% and 65% of the players in
the intervention and control groups, respectively. Eighty per cent
(n=264) of the players in the intervention group and 82%
(n=270) in the control group met the a priori criteria of at least
three responses. Female players had a higher response rate, with
no group differences between the intervention (90%) and
control groups (89%). The average response rate for the expos-
ure data was 67% (range 58-79%) in the intervention group and
49% (range 30-67%) in the control group. The average response
rate for the compliance data in the intervention groups was
similar to that for the injury data, 87% (range 84-92%).

Exposure

There were no group differences in the average weekly exposure
to handball training or match play (table 2). However, the
players in the control group reported having completed 17
more minutes of strength training per week on average
(p=0.004).

Compliance

On average, the OSTRC Shoulder Injury Prevention Programme
was completed 1.6 times per week (range 1.4-1.8) in the inter-
vention group, 53% of the 3 times recommended. Twenty-one
players (7%) did not complete the exercise programme at all
during the season. Seventy-nine players (28%) reported an
average compliance of between 0.1 and 1.0, 91 players (32%)
between 1.1 and 2.0, and 90 players (32%) >2.0 sessions per
week. The average compliance per week did not differ between
players without shoulder problems compared with players with
shoulder problems at baseline (1.57 vs 1.60, p=0.791).

Acute shoulder injuries

A total of 20 and 13 acute injuries were reported in the inter-
vention and control groups, respectively, corresponding to an
average prevalence of acute shoulder injuries throughout the
season of 1.4% (95% CI 0.8% to 1.9%) in the intervention
group and 0.9% (95% CI 0.5% to 1.2%) in the control group

Table 2 Average weekly exposure to handball training, match play
and strength training in both groups

Female Male Female Male
Characteristics  (n=160) (n=171) (n=161) (n=168) Activity type Intervention (n=331) Control (n=329)
Age (years) 225 (4.2) 21.9 3.7)* 21.6 (3.3) 23.5 (4.8)* Handball training 366 (336 to 395) 371 (349 to 393)
Height (cm) 1736 (5.7)  187.8(7.1)  1732(58)  183.6 (6.8) Match play 32 (27 to 36) 34 (29 to 38)
Body mass (kg) 70.0 (7.6) 88.8 (7.1) 70.1 (7.6) 91.0 (12.4) Strength training 83 (79 to 87)* 100 (94 to 108)*

Results are shown as the mean (SD).
*p<0.05 intervention versus control group.

Data are shown in minutes with 95% Cls.
*p<0.05 intervention versus control group.
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Figure 3  Prevalence of shoulder problems (open symbols) and
substantial shoulder problems (filled symbols) in the intervention
(squares) and control group (triangles), with 95% Cls, measured six
times during the season.

(mean difference 0.5%). These injuries were excluded from the
following analysis examining the effect of the exercise
programme.

Effect of the intervention

The average prevalence of overuse shoulder problems during
the season was 17% (95% CI 16% to 19%) in the intervention
group and 23% (95% CI 21% to 26%) in the control group
(mean difference: 6%). The average prevalence of substantial
shoulder problems was 5% (95% CI 4% to 6%) in the interven-
tion group and 8% (95% CI 7% to 9%) in the control group
(mean difference 39%). The six prevalence measures in both
groups are illustrated in figure 3. GEE analysis revealed a 28%
lower risk of reporting shoulder problems over time in the inter-
vention group compared with the control group (OR 0.72, 95%
CI 0.52 to 0.98, p=0.038). We did not detect a significant dif-
ference in the risk of reporting substantial shoulder problems
over time between the intervention and control groups (OR
0.78, 95% CI 0.53 to 1.16, p=0.23).

Within the intervention group, compliance did not influence
the risk of shoulder problems (table 3). However, players in the
intervention group who reported an average compliance of at
least 0.1 sessions per week (n=248) had a 69% lower risk of
reporting substantial shoulder problems than players reporting
zero compliance (n=16; OR 0.31, 95% CI 0.15 to 0.67,
p=0.003).

The average severity score of the shoulder problems reported
was 29 (95% CI 28 to 31) in the intervention group and 35
(95% CI 32 to 37) in the control group (mean difference 5).
The relative impact of shoulder problems was 64% lower in the
intervention group (intervention group 5.2 vs control group
8.1).

GEE models including only players with shoulder problems
at baseline revealed a 35% lower risk of reporting shoulder
problems in the intervention group than the control group

(OR 0.65, 95% CI 0.43 to 0.98, p=0.04). However, we
detected no significant difference in the risk of reporting sub-
stantial shoulder problems between groups (OR 0.86, 95% CI
0.51 to 1.45, p=0.58). When only including players without
shoulder problems at baseline, we identified no significant group
difference in the risk of reporting shoulder problems (OR 0.80,
95% CI 0.47 to 1.37, p=0.42) or substantial shoulder problems
(OR 0.68, 95% CI 0.36 to 1.31, p=0.25) during the season.

Unintended effects
No severe shoulder injuries were reported due to completion of
the exercise programme in the intervention group. However, at
the start of the study, two coaches reported a total of four cases
of players experiencing muscle soreness after completing the
exercise programme.

DISCUSSION

Our main finding was that a 10 min exercise programme, the
OSTRC Shoulder Injury Prevention Programme, reduced the
prevalence of shoulder problems and substantial shoulder pro-
blems among elite handball players; the risk of reporting shoul-
der problems during the competitive season was 28% lower in
the intervention group.

This is the first randomised controlled trial investigating an
exercise programme designed to reduce overuse shoulder injur-
ies in elite throwing athletes,”” although similar observations
were reported from a 6-month pilot study with 53 female
junior handball players (three teams) in the intervention
group.®” They found that the prevalence of shoulder symptoms
decreased significantly during the intervention period among
players completing specific shoulder-strengthening exercises.
The exercise programme was completed as a part of the
warm-up three times per week and consisted of three exercises,
push-up plus, standing glenohumeral internal and external rota-
tion with elastic band as resistance, similar to exercises included
in the current study.

On average, the exercise programme was completed 1.6 times
per week in the intervention group, only 53% of the 3 times
recommended. No clear dose-response relationship was identi-
fied. However, players within the intervention group actually
performing the exercise programme had a 69% lower risk of
reporting substantial shoulder problems compared with players
not performing the exercise programme in the intervention
group. On this basis, it seems that it is enough to complete the
exercise programme between one and two times per week to
achieve the reported effect.

Subanalyses including only players with a self-reported shoul-
der problem at baseline revealed a 35% significantly lower risk
of reporting shoulder problems during the season in the inter-
vention group. In contrast, we found no significant effect of the
exercise programme when including only players without a

Table 3 Generalised estimating equation model including players in the intervention group meeting the a priori criteria of sufficient injury data

(n=264)

Shoulder problem Substantial shoulder problem
Compliance group (sessions/week) n OR (95% CI) p Value OR (95% CI) p Value
0.1t0 1.0 77 0.49 (0.20 to 1.21) 0.125 0.36 (0.16 to0 0.82) 0.02
111020 88 0.69 (0.27 to 1.75) 0.435 0.25 (0.10 to 0.60) 0.002
>2.0 83 0.58 (0.22 to 1.52) 0.271 0.35 (0.15 to 0.82) 0.02

Players reporting zero completed sessions during the season represent the reference group (n=16).
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shoulder problem at baseline, even if their compliance was as
good as that among players with shoulder problems at baseline.

Methodological considerations

A major strength of this trial is the use of cluster randomisation
to avoid crossover effects between the intervention and control
groups. We also stratified for gender and competition level to
ensure that groups were comparable. An injury surveillance
method recently developed and validated to study overuse injur-
ies was employed to capture the true extent of shoulder pro-
blems.*" ** Parallel registration of acute shoulder injuries was
done by players and team medical staff to avoid misreporting of
acute injuries as overuse injuries. This allowed us to assess the
effect of the exercise programme on the prevalence of overuse
problems alone. However, a limitation of the injury registration
method is the lack of detailed diagnostic information on each
case. Our definition of a shoulder problem encompasses all
physical symptoms and may have multiple causes, such as suba-
cromial and internal impingement, tendon pathology, glenoid
labrum injuries, glenohumeral joint instability and acromioclavi-
cular joint dysfunction.'* 15 3% 40 The effect of the exercise pro-
gramme reported in this trial may differ between these; we were
unable to discriminate between such relationships.

Traditionally, injury prevention studies exclude players injured
at baseline and only record new cases throughout the study,
with incidence as the measure for risk. Applying such an
approach in the current trial would be inappropriate. First,
excluding players reporting a shoulder problem at baseline
would have resulted in a biased study population, not represen-
tative of athletes from throwing sports, where shoulder pro-
blems are very common. Therefore, we included all players
participating in normal handball activity, irrespective of their
baseline injury status or history. Second, overuse shoulder pro-
blems are often chronic, with periods of remission and exacer-
bation. Only a handful of the cases reported in this trial
represented first-time problems. Therefore, the proportion of
players affected by shoulder problems at any given time, the
population prevalence, is a more appropriate measure of the
magnitude of the problem.*®

The prevalence of shoulder problems reported in the control
group is lower than in a recent study on risk factors for shoulder
problems among male elite handball players using the same
injury registration method,” possibly due to a crossover effect.
Before agreeing to participate in the study and before the ran-
domisation process, all coaches and players received the same
information about the study, both orally and in writing. This
may have increased the awareness of shoulder problems in the
control group, even though we encouraged them to train as
usual. We had no control over whether the control group per-
formed exercises similar to our exercise programme. In fact, the
control group reported doing more strength training than the
intervention group, possibly because they replaced the exercise
programme with additional strength training. Nevertheless, any
bias arising from contamination would result in an underestima-
tion of the preventive effect reported in this trial.

Simple comparison of prevalence measures between the inter-
vention and control groups revealed a lower average prevalence
of shoulder problems and substantial shoulder problems
reported during the season in the intervention group. The main
benefits of this comparison are that it is easy to calculate and
takes into account all available injury data. It is, however, made
on crude summary measures of prevalence and does not
account for change over time, confounding or missing. A high
response rate and sufficient completeness of injury data allowed

us to address missing using multiple imputation techniques. We
could therefore perform GEE analysis to include players
meeting our a priori criteria of at least three responses to the
OSTRC Overuse Injury Questionnaire. The GEE is a more
robust analysis which accounts for repeated measures and
allowed us to compare changes in prevalence of shoulder pro-
blems between the intervention and control groups over time,
revealing a significantly lower risk of reporting shoulder pro-
blems in the intervention group. However, we underestimated
the number of players needed to establish the effects of the
exercise programme on substantial shoulder problems.

Baseline demographics, anthropometrics or injury status/
history of injury had no confounding effect on the comparison
of prevalence of shoulder problems or substantial shoulder pro-
blems between groups over time. However, a limitation of our
GEE analysis was the inability to include player exposure as a
potential confounder, due to a lower response rate for the
exposure data, although we found no difference in the reported
exposure to handball training or match play between groups.

The exercise programme evaluated in this trial is comprehen-
sive and includes exercises to improve glenohumeral rotation,
external rotation strength and scapular muscle strength, as well
as improve kinetic chain and thoracic mobility. We did not
conduct baseline and follow-up testing to examine the effect of
the exercise programme on the different risk factors targeted;
this is a limitation of the study.

When developing and introducing the exercise programme,
we followed recommendations from implementation research,
for example, limit the length of the programme, enhance vari-
ation in the exercises and equip the delivery agents with skills to
confidently implement the programme.*' ** Despite this, the
players in the intervention group reported only having com-
pleted the exercise programme 53% of the three times recom-
mended per week; this is a limitation of the study. To ensure
quality in the performance of the exercises, we instructed the
team medical staff to be present at certain periods during the
intervention. However, the extent to which this was followed
remains unknown; this is a limitation of the study.

The methods used to monitor player exposure and compliance
with the exercise programme deviate from former injury preven-
tion studies and have several limitations.**~** First, exposure was
self-reported as the number of minutes and compliance was self-
reported as the number of sessions completed during the past
7 days; both are vulnerable to recall bias. Second, the season
averages for exposure and compliance are approximations based
on the six measurements taken during the season.

Implications

Our results suggest that an exercise programme targeting gleno-
humeral internal rotation, external rotation strength, scapular
muscle strength, kinetic chain and thoracic mobility should be
included as a part of the general warm-up in elite handball.
Whether the preventive effect observed in this trial can be gen-
eralised to other throwing athletes is not known. However, the
internal modifiable risk factors associated with shoulder pro-
blems in other throwing sports are similar to those in hand-
ball.? 3 5 © 1825 [t therefore seems reasonable to assume that the
OSTRC Shoulder Injury Prevention Programme could benefit
other throwing athletes as well.

CONCLUSION

The OSTRC Shoulder Injury Prevention Programme, an exer-
cise programme to increase glenohumeral internal rotation,
external rotation strength and scapular muscle strength, as well
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as improve kinetic chain and thoracic mobility, reduced the
prevalence and risk of shoulder problems in elite handball and
should be included as a part of the warm-up in throwing sports.

What are the findings?

The Oslo Sports Trauma Research Center (OSTRC) Shoulder
Injury Prevention Programme, an exercise programme to
increase glenohumeral internal rotation, external rotation
strength and scapular muscle strength, as well as improve
kinetic chain and thoracic mobility, reduced the prevalence and
risk of reporting shoulder problems in elite handball.

How might it impact on clinical practice in the future?

The OSTRC Shoulder Injury Prevention Programme should be
included as a part of the warm-up in throwing sports.

Twitter Follow Stig Andersson at @stighandersson and Benjamin Clarsen at
@benclarsen
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Risk factors for overuse shoulder injuries in a mixed-
sex cohort of 329 elite handball players: previous
findings could not be confirmed

Stig Haugsboe Andersson, Roald Bahr, Benjamin Clarsen, Grethe Myklebust

ABSTRACT

Background Shoulder injuries are common among
handball players and predominantly characterised by
overuse characteristics. Reduced total glenohumeral
rotation, external rotation weakness and scapular
dyskinesis have been identified as risk factors among
elite male handball players.

Aim To assess whether previously identified risk factors
are associated with overuse shoulder injuries in a large
cohort of elite male and female handball players.
Methods 329 players (168 male, 161 female) from the
two upper divisions in Norway were included and tested
prior to the 2014-2015 season. Measures included
glenohumeral internal and external rotation range of
motion, isometric internal and external rotation strength,
and assessment of scapular dyskinesis. Players were
followed prospectively for one competitive season, with
prevalence and severity of shoulder problems registered
monthly using the Oslo Sports Trauma Research Center
Overuse Injury Questionnaire. A severity score based

on players' questionnaire responses was used as the
outcome measure in multivariable logistic regression to
investigate associations between candidate risk factors
and overuse shoulder injury.

Results No significant associations were found
between total rotation (OR 1.05 per 5° change, 95% Cl
0.98 to 1.13), external rotation strength (OR 1.05 per
10N change, 95% C1 0.92 to 1.20) or obvious scapular
dyskinesis (OR 1.23, 95% CI 0.25 to 5.99) and overuse
shoulder injury. A significant positive association was
found between greater internal rotation (OR 1.16 per
5° change, 95% CI 1.00 to 1.34) and overuse shoulder
injury.

Conclusion None of the previously identified risk
factors were associated with overuse shoulder injuries in
a mixed-sex cohort of elite handball players.

INTRODUCTION
Shoulder injuries are common among handball
players,' ? particularly at the elite level. In the
Norwegian elite division, 52% of male players expe-
rienced shoulder problems at some point during
the season,® and 58% of female players reported
a history of shoulder injury.* Among elite players,
a majority of shoulder problems are thought to be
related to overuse.”™ Recent attention has therefore
been directed towards the prevention of overuse
shoulder injuries in elite handball,® and identifica-
tion of risk factors is a key step to develop successful
prevention programmes.”

Several studies have investigated internal modi-
fiable risk factors for shoulder injuries among

overhead athletes, with particular focus on gleno-
humeral range of motion (ROM),> 5'* shoulder
strength® '' ' and scapular control.’ ¥ In hand-
ball, cross-sectional studies have suggested several
potential risk factors for shoulder injuries, including
reduced glenohumeral internal rotation (IR), exces-
sive glenohumeral external rotation (ER), low ratios
of concentric ER to concentric IR strength and high
ratios of eccentric IR to concentric ER strength.’
1216 1n a prospective risk factor study of 206 male
Norwegian elite handball players, Clarsen et al®
observed significant associations between obvious
scapular dyskinesis, total rotation (TROM), ER
strength and the risk of shoulder injury. In a recent
critical review, it was argued that identified risk
factors should be confirmed in relevant popula-
tions."”

Therefore, the aim of the current study was to
investigate if the risk factors reported by Clarsen
et al’ could be confirmed in a large, mixed-sex
cohort of Norwegian elite handball players using
the same methods. Our hypothesis was that the risk
of overuse shoulder injury would be associated with
scapular dyskinesis, reduced total rotation and low
ER strength.

METHODS

Study design and participants

This was a prospective cohort study involving
the control group arm of a recently published
randomised controlled trial.® The cohort consisted
of 23 handball teams (12 male; 11 female) from
the two upper divisions in Norway. We visited each
team during a preseason training session and invited
every player present to participate in the study.
All players with a team contract were eligible for
participation, irrespective of their baseline injury
status or history (n=333). Players who consented
to participate (n=329) completed questionnaires
and shoulder testing at baseline (figure 1), and
were followed for the duration of the regular
season (September 2014-March 2015). Six times
during the season, players reported any shoulder
problems using the Oslo Sports Trauma Research
Center (OSTRC) Overuse Injury Questionnaire,'
as described in previous studies of shoulder prob-
lems among elite handball players.® ©

Baseline testing

Six different test teams of two sports physiother-
apists conducted baseline testing. Each test team
visited between three and four teams in the period
from August to mid-September 2014. Within each
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Figure 1  Study flow chart showing the number of players included and tested at baseline, dropout during the study and the number included in the

analyses.

test team, one tester was responsible for administering question-
naires and evaluating scapular control, and the other measured
players’ strength and glenohumeral ROM. Prior to baseline
testing, 3 days of training was carried out to ensure that exam-
iners were familiar with the measurement techniques.

Questionnaires

Players reported baseline injury status and history using a modi-
fied version of the Fahlstrém questionnaire, as used in previous
studies of elite handball players.® * ¢ In addition, players reported
any shoulder problems during the week prior to baseline testing
using the OSTRC Overuse Injury Questionnaire.®

Range of motion

Glenohumeral joint IR and ER ROM was measured bilaterally
using a digital inclinometer attached to a 30cm Perspex ruler
(Acumar Digital Inclinometer, Lafayette Instrument, Lafayette,
Indiana, USA), with the player in supine and with their shoulder
abducted to 90° with 0° rotation and elbow flexed to 90°.* 19!
If necessary, a folded towel was used to align the upper arm in
the frontal plane. The examiners palpated the scapula with their
thumb on the coracoid process and four fingers on the spine of
the scapula to control scapular compensation. The end of IR and
ER ROM was defined as the point at which the scapula was felt

to move, as previously described by Wilk ez al.' The examiners

performed two repeated measurements and the average was
recorded as the players’ IR and ER values. TROM was calculated
by summing these values.

Isometric strength

Isometric IR and ER shoulder strength was measured on the
dominant side using a handheld dynamometer (microFET,
Hoggan Health Industries, Salt Lake City, Utah, USA), with
the player in supine and with their shoulder abducted to 90°
with 0° rotation and elbow flexed to 90°.*"** The opposite arm
was placed resting on the hip. The handheld dynamometer was
externally fixed to limit measurement error related to manual
fixation from multiple examiners.*' Players were verbally and
manually assisted to stabilise their scapula prior to testing. We
used no external fixation of the scapula during the actual testing.
Players performed the strength measures three times and the best
attempt was recorded.

Scapular control

The examiners observed players performing five repetitions of
flexion and abduction in the glenohumeral joint while holding
an external weight: 5kg for male players and 3 kg for female
players.” *! The examiners were situated 3 m behind the players
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and rated shoulders bilaterally as having normal scapular control,
slight scapular dyskinesis or obvious dyskinesis for each of the
two motions individually, according to the method proposed
by McClure et al*® and previously used in studies on handball
players.® !

The methods used to measure ROM, isometric strength and
scapular control has been described in detail in the appendices of
previous publications. *!

Monitoring of shoulder problems

We emailed the OSTRC Overuse Injury Questionnaire to all
players in the study on the last Sunday of each month from
October 2014 to March 20135, six times in total, using online
survey software (Questback V.9692, Questback AS, Oslo,
Norway). Automatic reminders were sent to non-responders after
3 and 7 days per email and short message service (Pling, Front
Information DA, Oslo, Norway). In addition, we visited teams
throughout the season and asked non-responders to complete
a paper version of the questionnaire. The questionnaire, used
in a previous study on shoulder problems in elite handball,®
¢ addresses the extent to which overuse shoulder injuries,
expressed as shoulder problems, affect participation, training
volume and performance, as well as the level of shoulder pain
experienced during the past week.!® Players reported shoulder
problems only in their dominant shoulder, with shoulder prob-
lems defined as any pain, ache, stiffness, instability, looseness or
other symptoms related to their shoulder.® ® Acute shoulder inju-
ries were recorded as previously described and excluded from
the analyses.®

Outcome measures

For each player response to the OSTRC Overuse Injury Ques-
tionnaire, the response enabled the calculation of a severity score
ranging from 0 to 100." At the end of the study, we calculated
the individual average severity score by summing each player’s
scores and dividing by their number of questionnaire responses.
The average severity scores were dichotomised using a cut-off
value of 40 to distinguish players with an overuse shoulder injury
from uninjured players. This was used as the outcome measure
in the risk factor analyses, as previously described.® In addition,
we calculated the prevalence of shoulder problems for the domi-
nant shoulder for both sexes each time the questionnaire was
administered by dividing the number of players who reported
any problem (ie, anything but the minimum value in any of the
four questions) by the number of questionnaire respondents.'
To filter out problems with fewer functional consequences, we
calculated the prevalence of substantial shoulder problems in the
same way, including only shoulder problems leading to moderate
or severe reductions in training volume or performance, or a
total inability to participate.'® At the end of the study, the average
prevalence of shoulder problems and substantial shoulder prob-
lems was calculated for both sexes.

Exposure

By the end of each month, players reported their exposure to
handball training, match play and additional strength training
during the past week. We calculated the mean weekly exposure
in each measure for both sexes by summing up the number of
minutes reported and dividing by the number of respondents. At
the end of the study, we calculated the individual average weekly
exposure by summing each player’s exposure data and dividing
by their number of responses.

Statistical methods

Players with no injury data and players with missing test results
or pain during baseline testing were excluded from the risk
factor analyses. We used multivariable logistic regression models
to investigate associations between candidate risk factors and
overuse shoulder injury (average severity score >40).®

The following were analysed as potential risk factors for
injury to the dominant shoulders: IR strength, ER strength,
ratio of ER to IR strength (ER:IR ratio), ER:IR ratio of <75%,
<80%and <85%, IR ROM, ER ROM, TROM, >5° TROM
difference between shoulders, <5° ER gain and glenohumeral
IR deficits of =5° =10° =15° and =20°, obvious scapular
dyskinesis during flexion and/or abduction, slight or obvious
scapular dyskinesis during flexion and/or abduction, average
weekly exposure to handball training, match play, and additional
strength training. A range of cut-off values were used for ER:IR
ratio and IR deficits, as previous studies in throwing sports have
reported associations with shoulder injury with different cut-offs
for these variables.® ® 101224

We adjusted strength measures for body mass, and demo-
graphic variables possibly associated to shoulder injury (p<0.2)
were added to each model using a forward selection procedure.
We compared dominant and non-dominant shoulder ROM
using paired-samples t-tests for both sexes. Isometric shoulder
strength and shoulder ROM were compared between sexes using
independent-samples t-tests. Scapular control was compared
between sexes using X? test.

To assess the reliability of the baseline tests, we performed a
pilot prior to the study including a convenience sample of 19
asymptomatic adults (10 male and 9 female). The reliability of
strength and ROM measures was assessed by calculating the
intraclass correlation coefficient (ICC), using a two-way mixed
single measure model (absolute agreement) for inter-rater reli-
ability and two-way random single measure model (absolute
agreement) for intrarater reliability.’ * Spearman’s r (R) was
used to assess the inter-rater and intrarater reliability of subjec-
tive rating of scapular control.

RESULTS

Players had played handball for an average of 14years (SD 5,
range 4-37) and 78% were right-handed. There were no sex
differences in playing position distribution, with 41% backs,
259 wings, 15% line players, 13% goalkeepers and 6% reporting
multiple positions. Dropout during the study and the number
that was tested and included in each analysis are presented in
figure 1.

Shoulder injury status and history at baseline

At the time of testing, 87 male players (52%) and 68 female
players (43%) reported a history of shoulder pain during the
previous handball season. Current shoulder pain was reported
by 47 male players (289%) and by 49 female players (31%). Based
on the OSTRC Overuse Injury Questionnaire, 82 male players
(499%) and 74 female players (46%) reported a shoulder problem
during the previous 7 days. Of these, 21 male players (13%) and
25 female players (16%) reported substantial shoulder problems.
There were no sex differences in the prevalence of shoulder pain
or problems reported at baseline.

Shoulder testing

Range of motion

Women and men both had less IR in their dominant shoulders
than their non-dominant shoulders, male players with a mean
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Figure 2 Range of motion of dominant shoulders (white boxes) and non-dominant shoulders (hatched boxes) for both sexes; *p<0.05.

difference of 4° (95%CI 3° to 5°, p<0.01; figure 2) and female
players with a mean difference of 6° (95% CI 5° to 8°, p<0.01;
figure 2). Female players had significantly more IR in their
non-dominant shoulders compared with male players (mean
difference: 5°, 95%CI 1° to 8 °, p<0.01). A total of 16 players
(59%), 8 male and 8 female, had greater than 20° glenohumeral
IR deficit. The ER ROM was greater in the dominant shoul-
ders for both sexes, male players with a mean difference of 2°
(95%CI 0.2° to 3° p<0.03; figure 2) and female players with
a mean difference of 3° (95%CI 2° to 5°, p<0.01; figure 2).
One hundred and eighty-seven players (59%), 103 male and 84
female, had <5° ER gain in their dominant shoulder. Signifi-
cantly less TROM in the dominant shoulders was observed in

both sexes, male players with a 2° mean difference (95% CI 1°
to 4°, p<0.01; figure 2) and female players with 3° mean differ-
ence (95%CI 1° to 4°, p<0.01; figure 2). A total of 135 players
(42%), 71 male and 64 female, had >5° TROM loss on their
dominant side. There were no significant sex differences in ER
ROM and TROM measures.

Isometric strength dominant shoulder

Compared with female players, male players were significantly
stronger in both ER (mean difference: 0.23 N/kg, 95%CI 0.33
to 0.12, p<0.01; figure 3) and IR (mean difference: 0.13N/
kg, 95%CI 0.25 to 0.02, p<0.01; figure 3) in their dominant
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external rotation; ER:IR, ER to IR strength ratio; *p<0.05.
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Isometric strength differences in the dominant shoulder between sexes (female, white; male, hatched boxes). IR, internal rotation; ER,
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Table 1 ICC for measures of strength and ROM

Inter-rater Intrarater

ICC(3.1)  (95%C1) 1CC (2.1) (95%Cl)
Strength
R 0.85 (0.69 t0 0.93) 0.94 (0.86 t0 0.98)
ER 0.86 (0.70 to 0.94) 0.86 (0.73 t0 0.98)
ROM
R 0.31 (0.08 t0 0.57) 0.65 (0.33t00.84)
ER 031 (0.08 to 0.56) 0.72 (0.45 t0 0.87)

ER, external rotation; ICC, intraclass correlation coefficients; IR, internal rotation;
ROM, range of motion.

shoulders. The average ER:IR ratio in the dominant shoulders
was 919% (SD 18%) among female players and 96% (SD 17%)
among male players (mean difference: 5%, 95% CI 1% to 9%,
p=0.017; figure 3). A total of 71 players (25%), 43 male and 28
female players, had an ER:IR ratio of less than 80%.

Scapular control

A total of 161 players (56%), 81 male and 80 female players,
were rated as having slight scapular dyskinesis in their dominant
shoulders during flexion and 100 players (35%) during abduc-
tion (43 male, 57 female). Thirty-two players (11%), 13 male
and 19 female, were rated as having obvious scapular dyskinesis
in their dominant shoulders during flexion and 22 (8%) during
abduction (11 male; 11 female). There were no significant sex
differences in scapular control.

Reliability of shoulder tests

The inter-rater and intrarater reliability (ICC) of strength and
ROM measures is presented in table 1. The inter-rater reliability
(R) of subjective rating of scapular control into three groups
(normal, slight and obvious dyskinesis) varied from 0.57 to 0.82
for flexion and from 0.32 to 0.55 for abduction. The intrarater
reliability (R) was 0.68 for flexion and 0.85 for abduction. As
shown in table 1, the inter-rater reliability of ROM measures
was fair.

Response rate

The average response rate for the OSTRC Overuse Injury
Questionnaire during the season was 85% (range 82%-87%).
Complete injury data were available from 65% (215 players) of
the cohort, while 16% (53 players) had no injury data during
the season. Female players had a higher average response rate
(90%, range 88%-93%) compared with male players (79%,
range 78%-809%). The average response rate for the exposure
data was 49% (range 30%-679%).

Exposure
There were no sex differences in the average weekly exposure to
match play or strength training (table 2). However, male players

Table 2 Average weekly exposure to handball training, match play
and strength training in both sexes

Activity type Male (n=168) Female (n=161)
Handball training 402 (381 to 423)* 355 (339 to 370)*
Match play 35(32t039) 34 (31t038)
Strength training 106 (96 to 116) 93 (85 to 101)

Data are shown in minutes with 95% Cls.
*p<0.05 female versus male.

Table 3  Average prevalence of shoulder problems and substantial
shoulder problems during the season in both sexes

Male (n=168) Female (n=161)
Shoulder problems 20 (15 to 26) 26 (26 to 27)
Substantial shoulder 7(61t07) 9(8to11)

problems
Data are shown in percentage (%) with 95% Cls.

reported higher average weekly exposure to handball training
(mean difference: 47 min, 95% CI 22 to 72, p<0.01; table 3).

Shoulder problems during the season

The average prevalence of shoulder problems during the season
was 23% (95% CI 21% to 26%). The average prevalence of
substantial shoulder problems was 8% (95% CI 7% to 9%).
Female players reported a higher prevalence of both shoulder
problems (mean difference: 6%) and substantial shoulder
problems (mean difference: 2%) compared with male players

(table 3).

Risk factor analyses

No associations were identified between overuse shoulder injury
and sex, age, height, body mass, dominant arm, player position,
team affiliation, competition level, years of handball participa-
tion, shoulder pain at baseline or history of shoulder pain last
season.

Shoulder tests

No associations were detected between overuse shoulder injury
and obvious scapular dyskinesis, total rotation or external rota-
tion strength (figure 4). As shown in the figure, increased IR
ROM was significantly associated with overuse shoulder injury.

Exposure

No associations were observed between overuse shoulder injury
and average weekly exposure to handball training, match play or
additional strength training.

DISCUSSION

Based on the findings of our previous study exploring potential
risk factors for shoulder problems among elite male handball
players,® we hypothesised that the risk of overuse shoulder injury
would be associated with obvious scapular dyskinesis, reduced
total rotation and low external rotation strength. However,
in this study, none of these three factors were associated with
injury. In fact, players with greater IR range of motion had a
higher probability of experiencing overuse shoulder injuries
throughout the season.

Our prospective injury data extend previous epidemiolog-
ical studies reporting that shoulder injuries, predominantly
from overuse, are common among handball players.'™ > These
studies, conducted in a range of player populations, have used
a variety of designs, measurement methods and injury defini-
tions. The injury registration method used in the current study
was designed specifically to capture overuse problems,® and has
previously been used to study shoulder problems among elite
male handball players.® Similar to Clarsen et al,® we found that
the prevalence of shoulder problems was among the highest
reported with this method, regardless of anatomical region or
sport.” 26

Our results revealed a higher average prevalence of shoulder
problems (26% vs 20%) and substantial shoulder problems (9%
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OR (95% Cl) P
Obvious scapular dyskinesis [ | 1.23 (0.25 - 5.99)"234 0.80
Slight or obvious dyskinesis [ | 1.39 (0.41-4.70)"356  0.64
External rotation ROM? - 1.05 (0.93 - 1.19)"3 0.46
Internal rotation ROM? - 1.16 (1.00 - 1.34)12 0.046
Total rotational motion® - 1.05 (0.98 - 1.13)"2 0.15
External rotation strength® - 1.05 (0.92 - 1.20)"57 0.45
Internal rotation strength® = =l 1.02 (0.90 - 1.16)""23457  0.77
Ratio ER:IR strength® —r— 1.16 (0.62 - 2.15)12345 (.65
Ratio ER:IR strength <80% | 3.11(0.99 - 9.71)"3 0.051
T T T T T
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Figure 4 ORs and 95% Cls for associations between risk factors and overuse shoulder injury (average severity score >40) based on multivariable
logistic regression analyses adjusted for 'sex, 2shoulder pain at baseline, >history of shoulder pain last season, “player position, *body mass
(kg), 6heigh‘( (cm) and “age (years). Expressed per °5° change, "10N change and “5% change. ER, external rotation; IR, internal rotation; ROM, range

of motion.

vs 7%) among female elite handball players than male. This
indicates that female sex may represent a risk factor for overuse
shoulder injury, although this was not confirmed in the univar-
iate statistical analysis. For the whole cohort, our results showed
lower average prevalence of shoulder problems (23% vs 28%)
and substantial shoulder problems (8% vs 12%) compared with
Clarsen et al.’> This may be due to an increased awareness of
shoulder problems, since Clarsen et al® monitored male handball
players in the top division, who also formed part of our cohort.
In addition, our prevalence results may be affected by a cross-
over effect, since our study population represented the control
group in a randomised intervention study aiming to reduce the
prevalence of shoulder problems.® Nevertheless, our results reit-
erate the importance of targeting the throwing shoulder with
preventative efforts and may provide guidance when deter-
mining which risk factors to target in prevention programmes.

Glenohumeral ROM and overuse shoulder injury

In throwing sports, reduced IR and increased ER have been
reported in the dominant arm of asymptomatic athletes.® * **
2427 This is considered as a normal soft tissue and/or bony adap-
tation to repeated throwing,”® and has even been suggested
to prevent shoulder injuries.”’ However, several studies have
reported an association between reduced IR and total ROM in
the dominant shoulder and throwing-related shoulder injuries.’®
89 We did not identify any associations between IR deficits or
TROM differences and overuse shoulder injury, despite using a
range of cut-off values to define these terms.

Reduced ER ROM has also been proposed as a potential risk
factor,”” but we did not identify any association with shoulder
injury. However, we did find that increased IR was a significant
risk factor. This contrasts with the results of Clarsen et al,’ who
suggested that stretching should be considered in the develop-
ment of injury prevention programmes. As the magnitude of
the association appears to be limited (16% increased risk per 5°
increase in IR) and the reliability of the IR measurements may
be questioned, this result must be interpreted with caution; IR

stretching should therefore not be abandoned as a prevention
strategy based on our data.

Glenohumeral rotation strength and overuse shoulder injury
Weakness in ER is a risk factor for shoulder injury in elite
male handball.’ In the current study, we found no association
between ER strength and overuse shoulder injury, despite excel-
lent reliability of the strength measures performed. However,
non-significant trends in our data suggest that lower ER:IR ratios
may also be worth considering as a risk factor. Similar findings
have been reported among elite youth handball players and
baseball pitchers, where lower ER:IR ratios have been associated
with shoulder injury.!' '*2* In addition, Moller et al*' recently
reported that reduced ER strength exacerbated the association
between handball load and shoulder injury among elite youth
handball players increasing their load by 20% or more per week.
Based on this overall body of evidence, it appears reasonable to
suggest that exercises to strengthen ER should be included in
injury prevention programmes.

Scapular dyskinesis and overuse shoulder injury

Scapular dyskinesis is common among overhead athletes with
shoulder pain, across a variety of shoulder pathologies.'? '* 3=
However, it has also been demonstrated to be common among
asymptomatic overhead athletes, ' 1° 33 3% and there is conflicting
evidence from prospective cohort studies on the association
between scapular dyskinesis and shoulder pain among overhead
athletes.” '* ¥ In contrast to Clarsen et al,’ we did not find any
association between scapular dyskinesis and shoulder injury.
However, Moller et al*' recently reported that scapular dyski-
nesis exacerbated the association between handball load and
shoulder injury among elite youth handball players increasing
their load between 20% and 60% per week. Due to method-
ological limitations of this study (discussed below) and variable
reliability, the relationship between scapular dyskinesis and
shoulder injury remains unclear in elite handball players.
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Handball load and overuse shoulder injury

There is growing evidence supporting a rapid increase in training
load as a risk factor for overall injury.”” ** Recently, Moller et al*!
reported that a large weekly increase in handball load represents
the primary risk factor for shoulder injuries among elite youth
players. Our results show that both female and male elite hand-
ball players have high exposure to handball training, match play
and strength training. However, we did not find any association
between any of these exposure measures and overuse shoulder
injury. These results must however be interpreted with caution,
as the exposure measures are only average weekly approximates
based on self-reporting, do not include any measure of intensity
and clearly are vulnerable to recall bias.

Future risk factor studies should strive to investigate the
association between load and shoulder injuries prospectively,
and examine whether the association is influenced by internal
modifiable risk factors. Ideally, the exact individual throwing
workload should be monitored prospectively. However, accurate
and feasible methods to complete this are not yet available.>”

Methodological considerations

A major strength of this study is the use of a prospective cohort
design with a large representative sample of elite male and female
handball players. We employed an injury surveillance method
developed, validated and recommended to study overuse inju-
ries.'® *¥ % The method was previously used in the study of
shoulder injuries among elite handball players and allows
comparability.? ¢ Players and team medical staff reported acute
injuries alongside their reports of shoulder problems to avoid
misreporting acute injuries as overuse injuries; this allowed us to
assess the association between risk factors and overuse injuries
alone.

Test selection

A key consideration is the choice of tests and measurement tech-
niques to assess risk factors. We used the same tests as Clarsen
et al,’ with minor modifications, to ensure comparability and
maximise the clinical relevance. As previously discussed, the
reliability of the strength measurements was observed to be
excellent. However, the reliability of the ROM measurements
and subjective rating of scapular control varied from fair to good
and from fair to excellent, respectively.

The validity of the strength measurements can be ques-
tioned. They are isometric and performed with the player in a
supine position for IR and ER with players’ shoulder abducted
to 90° and elbows flexed to 90°. This position is reliable?® >
and was selected for its resemblance to the throwing position
in handball compared with the neutral shoulder position used
by Clarsen et al.’ This difference should be borne in mind when
comparing the results. To limit measurement error related to
manual fixation, we externally fixated the handheld dynamom-
eter. However, to which degree isometric testing in this position
relates to shoulder strength in a throwing motion is unknown.

Similar to Clarsen et al,’ we used single testers with a digital
inclinometer rather than two testers with a bubble goniometer
for ROM measurements. Both methods are reliable.”’ However,
there may be systematic differences in the results.*® *! There-
fore, our ROM values in this study may be compared directly
with previous results on elite male handball players,® but not
to previous research in general. The use of multiple testers to
perform ROM measurements and the fair inter-rater reliability
observed represent limitations, indicate that our results must
be interpreted with caution and may explain the difference in

results between this study and Clarsen et al,> where only two
testers performed all measurements.

When evaluating the presence of scapular dyskinesis, we
used subjective assessment based on criteria recommended in a
consensus statement and previously used on elite male handball
players.® * The method used consists of three rating options,
and proved valid and reliable for assessing three-dimensional
scapular motion in overhead athletes.” ** It has been suggested
that a two-option rating (normal or abnormal) is more reliable.*
Clarsen et al® did, however, not find this, and we therefore used
the three-option rating to ensure comparability. Due to the use
of multiple testers and the inter-tester reliability, ranging from
fair to excellent when assessing scapular control, our results
must be interpreted with caution and may explain the difference
in results between the current study and Clarsen et al,®> where
one experienced physiotherapist performed all evaluations.

Inclusion of players irrespective of injury status or history
Traditionally, risk factor studies exclude players injured at base-
line and only record new cases throughout the study, allowing
for an assumption of cause and effect. However, applying such
an approach in the current study would have resulted in a biased
cohort, not representative of elite handball players, where
overuse shoulder injuries with periods of remission and exacer-
bation are common. Therefore, we included all players present
at training sessions, irrespective of their injury status or history,
and only excluded players experiencing pain during actual
testing from analyses. Consequently, we are limited to assess
associations between risk factors and overuse shoulder injury
and causation cannot be assumed.

Diagnostic accuracy

In contrast to Clarsen et al’, we excluded acute injuries from the
analyses. However, we were not able to differentiate between
specific shoulder injury diagnoses, since we did not have diag-
nostic information on each case.’ ® Our definition of overuse
shoulder injury encompassed all physical symptoms and the
condition may have had multiple causes, such as subacromial
and internal impingement, tendon pathology, glenoid labrum
injuries, glenohumeral joint instability and acromioclavicular
joint dysfunction, all commonly observed in throwing athletes.”®
24 The risk factors may differ among these conditions, but
our study design meant we were unable to link risk factors with
specific conditions.

Missing data

The response rate and the number of players with complete
injury data are high compared with previous studies using the
same surveillance method.” Nevertheless, we excluded 53
players from the risk factor analyses, as they had not reported
their injury data. In addition, players with missing test results
and pain during testing were excluded (figure 1). Consequently,
our statistical power decreased and this may have affected the
accuracy of our coefficient estimates. Another limitation was
the low response rate for the exposure data, which may have
limited our ability to detect any association between exposure
and shoulder injury.

CONCLUSION

Our prospective cohort study of over 300 elite handball players
did not confirm previously identified, so-called ‘established” risk
factors for overuse shoulder injuries, including total ROM, ER
strength and scapular dyskinesis.

Andersson SH, et al. Br J Sports Med 2017;0:1-9. doi:10.1136/bjsports-2017-097648
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ABSTRACT

Objectives To examine attitudes, beliefs and current behaviour towards risk factors and
prevention of shoulder injuries, and to investigate the application of an exercise programme
during a cluster-randomised controlled trail aiming to prevent shoulder injuries in elite

handball.

Methods All captains and coaches of 44 elite handball teams (22 male, 22 female)
constituting the intervention (21 teams) and control arm (n=23 teams) in a cluster-
randomised controlled trial were invited to take part in a survey. A questionnaire, based on
the Reach, Efficacy, Adoption, Implementation and Maintenance framework, addressing the
end-user perspective on risk factors and prevention of shoulder injuries, as well as key issues
related to the application of the Oslo Sports Trauma Research Center (OSTRC) Shoulder

Injury Prevention Programme, was distributed using electronic survey software.

Results The response rate was 100%. Overall, the majority of coaches (84%) and captains
(89%) believed that handball players are at high risk for shoulder injuries. All delivery agents
in the trial reported to be familiar with the exercise programme and the majority believed in
a preventative effect (coaches 90%, captains 81%). Only a minority reported full compliance
with the recommended frequency (coaches 29%, captains 14%), with programme being too
time consuming (coaches 67%, captains 81%) and lack of player motivation (coaches 76%,

captains 62%) as the main barriers.

Conclusion There is fertile ground for implementation of the OSTRC Shoulder Injury
Prevention Programme in elite handball, with programme length and lack of player

motivation as the main barriers to overcome.



INTRODUCTION

Existing research on overuse shoulder injuries in elite handball has addressed all stages of
the traditional van Mechelen four-stage approach to prevention of sports injuries.' Shoulder
pain and problems are established as common burdens affecting participation and
performance,”® as well as daily life (Stage 1).> Reduced glenohumeral rotation, external
rotation weakness and scapular dyskinesis have been identified as internal modifiable risk
factors in prospective studies (Stage 2),” although not confirmed in a recent study using
similar methods.® Nevertheless, the four-stage approach was recently completed with a trial
reporting preventative effect of the Oslo Sports Trauma Research Center (OSTRC) Shoulder
Injury Prevention Programme on the prevalence and risk of shoulder problems in elite

handball (Stage 3 and 4).”

Despite the widespread use of the van Mechelen model since its origin in the early 90s,
several papers have highlighted the need for integration of implementation science in sports
injury prevention research.>*? It is argued that randomised controlled trials evaluating the
effect of injury prevention exercise programmes in sports, such as the OSTRC Shoulder Injury
Prevention Programme, are performed in highly controlled settings and do not reflect the

final implementation context.** 2

Consequently, dissemination and widespread use of
evidence-based programmes in the real-world sport setting may be inhibited,*?*® as the full
potential will only be realised if the targeted end-users adopt, implement and maintain the
programmes as intended.*? To meet these challenges, Finch outlined the Translating
Research into Injury Prevention Practice (TRIPP) framework,™? an extension to the traditional
approach. She recommended that researchers should seek to understand how evidence-
based injury prevention exercise programmes can be translated into actions that can be
implemented in the real-world sport setting (Stage 5). Key elements at this stage are
information regarding attitudes, beliefs and current behaviour towards injury causes,
predisposing factors and preventative measures, as well as identification of facilitators and

1012 Finally, the effectiveness should be

barriers to implementation of programmes.
evaluated in a real-world sport setting by implementing the programmes among the

intended end users, while taking into account the elements identified in stage 5 (Stage 6)."2
In addition, to successfully understand the full complexities of the implementation context

and enhance implementation efforts in sports injury prevention, integration of a five



dimensioned framework from implementation science has been developed: the Reach

Efficacy Adoption Implementation Maintenance (RE-AIM) framework.® !

Despite these
recommendations, information on the RE-AIM dimensions in published trials evaluating the

effect of injury prevention exercise programmes in sports is lacking. °

Thus, the main objectives of this study were to use the RE-AIM framework to examine
attitudes, beliefs and current behaviour towards risk factors and prevention of shoulder
injuries, and to investigate the application of the OSTRC Shoulder Injury Prevention
Programme during a cluster-randomised controlled trial aiming to prevent overuse shoulder

injuries in elite handball.

METHODS

Study design and participants

This was a cross-sectional and retrospective survey involving 44 elite handball teams (22
male, 22 female) constituting the intervention (21 teams) and control arms (23 teams) in a
cluster-randomised controlled trial aiming to prevent overuse shoulder injuries.” Towards
the end of the intervention period (August 2014 to March 2015), we invited all team
captains (n=44) and a coaching staff representative (n=44), nominated by the head coach as
the individual responsible for the team’s prevention and physical training, to take part in the
survey. In most cases, the head coach (n=23) and the fitness coach (n=11) was nominated as
the representative, followed by individuals with a combined responsibility for fitness and
medical follow-up (n=6, e.g. physical therapist) and assistant coaches (n=3). All captains and
coaches from both study arms consented to participate and represented four separate
respondent groups in the survey (21 intervention coaches; 21 intervention captains, 23

control coaches; 23 control captains).

The injury prevention exercise programme

Full details of the development, content and implementation of the injury prevention
exercise programme used in the trial have been published previously.” Briefly, the OSTRC
Shoulder Injury Prevention Programme consisted of five exercises with different variations

and levels (15 in total) to be implemented three times per week as a part of the intervention



team’s regular warm-up to handball training. The exercises aimed at increasing
glenohumeral internal range of motion,?** external rotation strength and scapular muscle

strength,”*® as well as to improve kinetic chain and thoracic mobility.

The programme was developed in collaboration between authors and an external expert
panel consisting of four physiotherapists, clinically working with handball players, and a
fitness coach employed by the Norwegian Handball Federation. As a part of the
development process, a female team not included in the study, tested the programme and
responded to a questionnaire based on the RE-AIM framework to provide information
regarding their beliefs and experiences of the content, duration, load and applicability of the

programme.’* ?

The programme targeted all players in the intervention teams and was delivered by team
coaches and captains, which, together with the team medical staff, received specific training
on the execution of the exercises in the programme. Once players were familiar with the
exercises, the programme took about 10 minutes to complete. Team medical staff were
asked to be present to supervise the quality of the exercises and ensure that players
experiencing pain were performing the exercises as intended, at least one session per week
during the first 4 weeks performing the programme, and every second week for the rest of
intervention period. In addition, follow-up visits by the research group were completed to all

intervention teams to stimulate adherence and ensure quality of the exercises.

The survey

A questionnaire, with variations depending on group affiliation, was developed in
collaboration between authors and pilot tested by two coaches and two players not involved
in the study to ensure readability and understanding. The questions, which were worded
identically for coaches and captains within each study arm, were based on the RE-AIM
framework and a previous survey aiming to examine implementation of the Nordic

Hamstring Exercise in elite football.*®

All questions were closed, with multiple response
options. The questionnaire consisted of a section addressing attitudes, beliefs and current
behaviour towards the risk for and prevention of shoulder injuries in both study arms.

An intervention-specific section addressed views on and experiences with completion of the

OSTRC Shoulder Injury Prevention Programme. In addition, a section specific for the control



teams investigated knowledge with the prevention programme used by the intervention
teams and included description of five randomly selected exercises from the programme to

examine completion of these or similar exercises during the season.

Data collection

The coaches and captains received a link by e-mail, providing them access to the
questionnaire using online survey software (Questback V. 9692, Questback AS, Oslo,
Norway). The questionnaires were distributed and completed during February 2015.
Automatic reminders were sent to non-responders after 3 and 7 days both per e-mail using
the survey software and per SMS (Pling, Front Information DA, Oslo, Norway), or per
telephone. Responders were encouraged to take contact to clarify any questions regarding
the content of the questionnaire, and two did. The data were analysed using SPSS statistical

software (SPSS V.24, IBM Corporation, New York, USA).

RESULTS

The overall response rate was 100%. Table 1 shows how coaches and captains in both study
arms responded to questions addressing attitudes, beliefs and behaviour towards the risk
for and prevention of shoulder injuries. Irrespective of group affiliation, the majority of
coaches and captains reported that they believed that handball players are at high risk for
shoulder injuries and that performance of a shoulder injury prevention exercise programme
definitely or to some degree would reduce the risk. Poor fitness in general, tackles, throwing
load and length of career were the most frequent risk factors reported. The majority of
respondents reported to previously having performed shoulder injury prevention and

disagreed that it is more important to spend time on specific handball training.
[Table 1 near here]

Table 2 shows how the four respondent groups experienced attitudes towards shoulder
injury prevention among different stakeholders in their team. The majority of respondents
reported that their team medical staff was strongly positive, whereas players were positive.

The majority of coaches in both study arms reported that the coaching staff was strongly



positive, whereas the majority of captains reported that coaches were positive. The majority

of all respondents had no knowledge of the attitudes of their administration.

[Table 2 near here]

All coaches (n=21, 100%) and captains (n=21, 100%) in the intervention teams reported that
all players of their team were familiar with the OSTRC Shoulder Injury Prevention
Programme. The majority of intervention coaches and captains (delivery agents) agreed that
the education and follow-up they had received regarding the programme had been sufficient
and that the programme was well suited as a part of the handball warm-up, with good
variation and progression of the exercises (table 3). Less than 30% of coaches and less than
15% of captains reported that their team had completed the programme three times per
week as recommended and less than half reported that they had performed it as a part of
the handball warm-up. Only a minority of the surveyed coaches and captains agreed that
they would continue to use the complete programme the next season. Among both coaches
and captains, belief that the programme will prevent shoulder injuries was the most
frequently reported facilitator to perform the programme and the majority agreed that the
programme would prevent shoulder injuries when used systematically (table 4). Lack of
player motivation and too time consuming programme were most frequently reported by
coaches and captains as the barriers to complying with the programme as recommended

(table 4).

[Table 3 and 4 near here]

According to the majority of intervention coaches and captains, their medical staff was
strongly positive to the OSTRC Shoulder Injury Prevention programme, whereas the coaching
staff was positive and players were neutral (Figure 1). Regarding the team administration,

the majority of coaches and captains had no knowledge of their attitudes.

[Figure 1 near here]

In the control teams, approximately one third of the captains and the vast majority of
coaches reported that their team did perform shoulder injury prevention training (table 5).

The majority of coaches and captains reported that the coaching staff, the players and the



medical staff of their team all were familiar with details of the programme used by the
intervention teams. Only a few coaches and captains reported that this knowledge had

affected their efforts towards shoulder injury prevention (table 5).
[Table 5 near here]

Table 6 shows the control coaches and captains responses to questions regarding
completion of five specific exercises from OSTRC Shoulder Injury Prevention Programme or
similar. The majority of coaches and captains reported that they had completed two of the
exercises on a sporadic to regular basis. None of the exercises were completely unknown to

neither coaches nor captains.

[Table 6 near here]

DISCUSSION

Our main findings were that the vast majority of coaches and captains in elite handball
believed that players are at high risk for shoulder injuries, and that a shoulder injury
prevention exercise programme targeting risk factors would reduce the risk, suggesting that
there is fertile ground for implementation. However, the minority of delivery agents
reported to have implemented the OSTRC Shoulder Injury Prevention Programme as
recommended in the trial, with lack of player motivation and too time consuming
programme as the main barriers. This suggests that initiatives to reduce the programme
length and strategies to influence player motivation are needed to succeed with widespread

dissemination.

The recently reported preventative effect of the OSTRC Shoulder Injury Prevention
Programme suggests that dissemination and widespread use in the handball community
would be beneficial.” However, to succeed in a real-world sport setting, knowledge
regarding attitudes, beliefs and current behaviour towards shoulder injury prevention
among delivery agents and end-users, as well as identification of facilitators and barriers to

1.2 Overall, the coaches and captains surveyed

implementation of the programme is crucia
had the impression that handball players are at high risk for shoulder injuries, suggesting

that their perceived susceptibility for shoulder injuries is in line with the literature,*® an



important premise to succeed with implementation.’® The vast majority of coaches and
captains in both groups believed that a shoulder injury prevention programme targeting risk
factors would reduce the risk for shoulder injuries and the majority had previously employed
preventative measures towards shoulder injuries. Only a minority reported that it is more
important to spend time on specific handball training than injury preventative training.
Hence, the elite handball community seems primed for adoption and implementation of the
OSTRC Shoulder Injury Prevention Programme, as there seems to be a common beneficial

belief.

All delivery agents in the trial reported to be familiar with the prevention programme and
the majority believed that the programme would prevent shoulder injuries, which in fact
was reported as the main facilitator to implementation among both coaches and captains.
These findings support the importance of emphasising the preventative effect of the
programme when aiming for a widespread dissemination. Additional common facilitators
reported were satisfactory education and follow-up, programme variation and progression,
expected performance gains and the practicability to implement the programme as a part of
the training session. These facilitators were in line with previous studies reporting on

101722 and should

implementation of injury prevention exercise programmes in team sports,
be emphasised in future dissemination. Influence from the team medical staff was further
highlighted as a common facilitator in our data. However, as requirement of medical staff
previously has been reported as a barrier to implementation and the fact that only a few

handball teams will have access to one, even in the top divisions in Norway, this facilitator

should receive less emphasis.*°

Despite these results suggesting that adoption of the prevention programme was successful
among the delivery agents, they still responded to deviate from the implementation
recommendations, with the majority responding to perform the programme between one to
three times per week, which is in line with the self-reported player compliance in the trial.”
Similar to previous studies reporting on the uptake of injury prevention exercise

. 20 23-25
programmes in team ball sport,

the time it takes to complete the programme was
emphasised as an important barrier and only a minority of the surveyed coaches and
captains reported that they would continue to use the complete programme the next

season. Considering that the OSTRC Shoulder Injury Prevention Programme targets several



risk factors associated with shoulder injury in handball, future research should investigate
how these factors are altered among players performing the programme in order to reduce
the number of exercises. In addition, despite the majority agreeing that the programme was
well suited as a part of the warm-up, less than half reported to perform the programme in
this setting. This implies that alternative settings should be considered when planning future
dissemination, e.g. before the organised training, during other organised or individual

training, as these were reported to be common delivery settings in the trial.

Future dissemination efforts should also include initiatives to motivate coaches and players
to adopt the programme, as lack of player motivation and lack of priority among the head
coaches was reported as important barriers to implementation. These efforts should seek to
communicate the preventative effect of the programme to end-users and delivery agents, as
this was reported as the most important motivator among both coaches and captains.
Unfortunately, there is no guarantee that increased knowledge of the preventative effect
automatically will translate into changed behaviour, as the learning process and experiences
of each individual will affect adoption and implementation of the programme.?® In order to
succeed with behavioural modifications towards preventative measures, it is suggested that
it should be included as a part of skill training from an early age to become an accepted part
of their routine and culture.?® Thus, dissemination of the programme should target players
from a young age and instructions on how to perform the programme should be a

mandatory at all levels of coach education.

A common understanding among the stakeholders within a team is emphasised as an
important premise to succeed with implementation of preventative measures.'* According
to our results there were discrepancies in the attitudes towards the programme in the trial,
with the team medical staff reported to be strongly positive, the coaching staff to be positive
and the players to be neutral. In addition, the majority of coaches and captains reported to
be unaware of their administration’s attitudes towards the programme, illustrating that
communication between stakeholders can be improved. In order to succeed in future
dissemination of the programme, all stakeholders need to be addressed to reach a common

understanding on the advantage of implementation.



Interestingly, the majority of coaches and captains in the control teams reported to have
detailed knowledge of the prevention programme used by the intervention teams in the
trial, with the vast majority of coaches reporting to perform prevention training to reduce
the risk of shoulder injuries. In fact, the majority of surveyed coaches and captains reported
to perform two of the exercises in OSTRC Shoulder Injury Prevention Programme on a
sporadic to regular basis. Thus, it seems that there is fertile ground for implementation of
the programme across the whole population surveyed. However, this suggest also that there
was a considerable cross-over effect in the trial, indicating that the efficacy of the prevention

programme as reported in the trial may have been underestimated.

This study has limitations that need to be addressed. The survey included only team
captains, and it is not known to what extent their attitudes, beliefs and current behaviour
represent the views of their teammates. Considering the role of a team captain, it is possible
that they are more devoted and conscious towards preventative measures. Further, as the
person nominated to represent the coaching staff varied between teams, we cannot
generalise our results to all head coaches at the elite level. In addition, as the surveyed
coaches and captains all were at the elite level, it is possible that coaches and players at

lower level of competition (e.g. amateur level) have different views.

CONCLUSION

Coaches and captains in elite handball believed that players are at high risk of shoulder
injuries and that an exercise programme targeting risk factors would be effective, suggesting
that there is fertile ground for implementation of the OSTRC Shoulder Injury Prevention
Programme. However, as programme length and lack of player motivation were important
barriers to implementation, shortening the programme and strategies to enhance player

motivation may be beneficial.
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WHAT ARE THE NEW FINDINGS?

* Coaches and captains in elite handball believe that players are at high risk of shoulder
injuries and that an exercise programme targeting risk factors will reduce the risk.

* The OSTRC Shoulder Injury Prevention Programme was reported to be well suited as a
part of the handball warm-up and the majority of coaches and captains were satisfied
with the variation and progression in the programme.

* Only a minority of the surveyed coaches and captains agreed that they would continue
to use the complete programme, with time consumption and lack of player motivation

reported as the main barriers.

HOW MIGHT IT IMPACT ON CLINICAL PRACTICE IN THE NEAR FUTURE?

* Coaches and captains in elite handball seem primed for implementation of the OSTRC
Shoulder Injury Prevention Programme. However, prior to widespread dissemination,

initiatives to reduce the length of the programme are essential.
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Table 3 Experiences with completion of the OSTRC Shoulder Injury Prevention Programme among coaches and captains in

intervention teams (n=21).

Coaches (n=21)

Captains (n=21)

Question/statement Response n (%) n (%)
Which players have mainly All players 20 (95.2) 17 (81.0)
performed the programme? Players with a previous shoulder problem 0 (0.0) 1 (4.8)
Players with a current shoulder problem 1 (4.8) 1 (4.8)
None of the players 0 (0.0) 0 (0.0)
I don’t know 0 (0.0) 2 (9.5)
Have your performed the Yes, three times per week or more 6 (28.6) 3 (14.3)
programme three times per week as  No, between one to three times per week 14 (66.7) 14 (66.7)
recommended? No, less than once per week 1 (4.8) 4 (19.0)
I don’t know 0 (0.0) 0 (0.0)
In which context has the programme  Before organised handball training 12 (57.1) 14 (66.7)
been performed? (MR) As a part of the handball warm-up 10 (47.6) 7 (33.3)
During handball training 2 (9.5) 0 (0.0)
During other organised training 4 (19.0) 6 (28.6)
During individual training 5 (23.8) 5 (23.8)
Other 0 (0.0) 1 (4.8)
Have you usually performed the Yes, always 7 (33.3) 4 (19.0)
programme as a whole? Yes, most of the time 10 (47.6) 11 (52.4)
Sometimes 4 (19.0) 5 (23.8)
No, never 0 (0.0) 1 (4.8)
Have you followed the planned Yes, absolutely 8 (38.1) 8 (38.1)
progression and variation of the Yes, to some degree 11 (52.4) 10 (47.6)
exercises in the programme? No, we use a random selection 1 (4.8) 2 (9.5)
I don’t know 1 (4.8) 1 (4.8)
What do you think about the Very good 2 (9.5) 1 (4.8)
progression and variation of the Good 15 (71.4) 16 (76.2)
exercises in the programme? Not very good 1 (4.8) 3 (14.3)
Poor 1 (4.8) 0 (0.0
I don’t know 2 (9.5) 1 (4.8)
Who has had the main responsibility The head coach 6 (28.6) 9 (42.9)
for implementing the programme? The physical trainer 2 (9.5) 3 (14.3)
The medical staff (e.g. physiotherapist) 10 (47.6) 6 (28.6)
The team captain 2 (9.5) 1 (4.8)
Other player(s) 0 (0.0) 0 (0.0)
All players in general 1 (4.8) 2 (9.5)
Who has had the main responsibility ~ Main coach 1 (4.8) 1 (4.8)
for the quality of the exercises? Physical trainer 1 (4.8) 1 (4.8)
Medical staff (e.g. physiotherapist) 5 (23.8) 4 (19.0)
Team captain 2 (9.5) 1 (4.8)
Other player 0 (0.0) 1 (4.8)
All players in general 12 (57.1) 13 (61.9)
The education and follow-up we Strongly agree 5 (23.8) 3 (14.3)
have received regarding the Agree 8 (38.1) 11 (52.4)
programme has been sufficient Unsure 6 (28.6) 3 (14.3)
(LOA) Disagree 2 (9.5) 3 (14.3)
Strongly disagree 0 (0.0) 1 (4.8)
The programme is well suited as a Strongly agree 5 (23.8) 3 (14.3)
part of the handball warm-up (LOA) Agree 8 (38.1) 13 (61.9)
Unsure 7 (33.3) 3 (14.3)
Disagree 1 (4.8) 1 (4.8)
Strongly disagree 0 (0.0) 1 (4.8)

MR, multiple responses possible; LOA, level of agreement. The shaded cells denote the most frequent response for each respondent

group.



Table 4 Views on and beliefs towards the OSTRC Shoulder Injury Prevention Programme and factors affecting adoption and
implementation according to coaches and captains in intervention teams (n=21)

Coaches (n=21) Captains (n=21)

Question/statement Response n (%) n (%)
Which factors have Belief that the programme will prevent shoulder injuries 21 (100.0) 13 (61.9)
influenced the Belief that the programme will increase performance 12 (57.1) 7 (33.3)

motivation to perform Sense of duty 6 (28.6) 11 (52.4)
the programme? (MR) Influence from other players 6 (28.6) 2 (9.5)
Influence from the medical team 7 (33.3) 11 52,4)
Other 1 (4.8) 0 (0.0
The programme will Strongly agree 8 (38.1) 6 (28.6)
prevent shoulder Agree 11 (52.4) 11 (52.4)
injuries when used Unsure 2 (9.5) 4 (19.0)
systematically (LOA) Disagree 0 (0.0) 0 (0.0)
Strongly disagree 0 (0.0) (0.0)
Have you experienced Yes, we have less shoulder problems 4 (19.0) 2 (9.5)
reduced amount of No, the situation is unchanged 10 (47.6) 12 (57.1)
shoulder injuries? No, we have more shoulder problems 3 (14.3) 0 (0.0)
I don’t know 4 (19.0) 7 (33.3)
Have you experienced Yes, player performance has improved 0 (0.0) 3 (14.3)
any positive effect on No, the performance is unchanged 10 (47.6) 8 (38.1)
handball performance? No, player performance is reduced 0 (0.0) 1 (4.8)
I don’t know 11 (52.4) 9 (42.9)
I will continue to use the  Strongly agree 1 (4.8) 1 (4.8)
complete programme Agree 5 (23.8) 4 (19.0)
next season (LOA) Unsure 11 (52.4) 9 (42.9)
Disagree 4 (19.0) 4 (19.0)
Strongly disagree 0 (0.0) 3 (14.3)
| will continue to use Strongly agree 4 (19.0) 2 (9.5)
parts of the programme  Agree 11 (52.4) 10 (47.6)
next season (LOA) Unsure 4 (19.0) 6 (28.6)
Disagree 1 (4.8) 1 (4.8)
Strongly disagree 1 (4.8) 2 (9.5)
What are the main The players lack motivation 16 (76.2) 13 (61.9)
reasons why your team Too few exercises with handball 1 (4.8) 4 (19.0)
did not comply with the  The exercises are to challenging 0 (0.0) 0 (0.0)
programme as The programme is to time consuming 14 (66.7) 17 (81.0)
recommended? (MR) The programme is difficult to organise 0 (0.0) 0 (0.0)
The programme is not relevant 3 (14.3) 0 (0.0)
Lack of equipment 0 (0.0 2 (9.5)
The head coach doesn’t prioritise the programme 3 (14.3) 8 (38.1)

MR, multiple responses possible; LOA, level of agreement. The shaded cells denote the most frequent response for each respondent
group.



Table 5 Prevention of shoulder injuries and knowledge with the OSTRC Shoulder Injury Prevention Programme according to coaches

and captains in control teams (n=23)

Coaches (n=23)

Captains (n=23)

Question Response n (%) n (%)
Do your team perform prevention Yes 20 (87.0) 8 (34.8)
training to reduce the risk for No 3 (13.0) 9 (39.1)
shoulder injuries? I don’t know 0 (0.0 6 (26.1)
Is the coaching staff familiar with the  Yes, they’re familiar with programme details 12 (52.2) 17 (73.9)
prevention programme used by the Yes, they have heard about it 10 (43.5) 3 (13.0)
intervention teams? No, theyre unaware of it 0 (0.0) 0 (0.0

I don’t know 1 (4.3) 3 (13.0)
Are players familiar with the Yes, they're familiar with programme details 14 (60.9) 15 (65.2)
prevention programme used by the Yes, they have heard about it 6 (26.1) 5 (21.7)
intervention teams? No, theyre unaware of it 1 (4.3) 2 (8.7)

I don’t know 2 (87) 1 (43)
Is the medical team familiar with the  Yes, they're familiar with programme details 13 (56.5) 16 (69.6)
prevention programme used by the Yes, they have heard about it 8 (34.8) 4 (17.4)
intervention teams? No, theyre unaware of it 0 (0.0) 0 (0.0

I don’t know 2 (8.7) 3 (13.0)
Is the administration familiar with Yes, they're familiar with programme details 1 (4.3) 4 (17.4)
the prevention programme used by Yes, they have heard about it 11 (47.8) 6 (26.1)
the intervention teams? No, theyre unaware of it 1 (4.3) 0 (0.0)

I don’t know 10 (43.5) 13 (56.5)
Has knowledge of the programme Yes, our effort have increased 5 (21.7) 2 (8.7)
affected your team’s efforts towards ~ No, our effort is unchanged 18 (78.3) 21 (91.3)

shoulder injury prevention?

The shaded cells denote the most frequent response for each respondent group.



Table 6 Completion of specific exercises in the OSTRC Shoulder Injury Prevention Programme or similar according to
coaches and captains in control teams (n=23)

Coaches (n=21) Captains (n=21)

Question Response n (%) n (%)
Have you performed the  Yes, this exercise has been performed 18 (78.3) 17 (73.9)
Push-up plus back slide No, not this exercise specifically, but similar 4 (17.4) 5 (21.7)
during the season? No 1 (4.3) 1 (4.3)
How often has this Three times or more per week 2 (8.7) 1 (43)
exercise or similar Two times or more per week 6 (26.1) 2 (8.7)
been performed per One time per week 7 (30.4) 9 (39.1)
week? Only sporadically 7 (30.4) 10 (43.5)
Not relevant 1 (4.3) 1 (4.3)
Have you performed the  Yes, this exercise has been performed 4 (17.4) 4 (17.4)
Bow and arrow during No, not this exercise specifically, but similar 15 (65.2) 7 (30.4)
the season? No 4 (17.4) 12 (52.2)
How often has this Three times or more per week 2 (8.7) 0 (0.0
exercise or similar Two times or more per week 6 (26.1) 1 (4.3)
been performed per One time per week 7 (30.4) 2 (8.7)
week? Only sporadically 4 (17.4) 8 (34.8)
Not relevant 4 (17.4) 12 (52.2)
Have you performed the Yes, this exercise has been performed 6 (26.1) 6 (26.1)
Dynamic W-stretch No, not this exercise specifically, but similar 7 (30.4) 4 (17.4)
during the season? No 10 (43.5) 13 (56.5)
How often has this Three times or more per week 1 (4.3) 2 (8.7)
exercise or similar Two times or more per week 4 (17.4) 2 (8.7)
been performed per One time per week 4 (17.4) 2 (8.7)
week? Only sporadically 4 (17.4) 4 (17.4)
Not relevant 10 (43.5) 13 (56.5)
Have you performed the  Yes, this exercise has been performed 9 (39.1) 14 (60.9)
Sleeper stretch during No, not this exercise specifically, but similar 7 (30.4) 1 (4.3)
the season? No 7 (30.4) 8 (34.8)
How often has this Three times or more per week 2 (8.7) 1 (4.3)
exercise or similar Two times or more per week 3 (13.0) 0 (0.0)
been performed per One time per week 3 (13.0) 2 (8.7)
week? Only sporadically 8 (34.8) 12 (52.2)
Not relevant 7 (30.4) 8 (34.8)
Have you performed the  Yes, this exercise has been performed 2 (8.7) 3 (13.0)
Backwards throw during  No, not this exercise specifically, but similar 6 (26.1) 5 (21.7)
the season? No 15 (65.2) 15 (65.2)
How often have this Three times or more per week 1 (4.3) 0 (0.0
exercise or similar Two times or more per week 0 (0.0) 1 (4.3)
been performed per One time per week 5 (21.7) 1 (4.3)
week? Only sporadically 2 (8.7) 6 (26.1)
Not relevant 15 (65.2) 15 (65.2)

The shaded cells denote the most frequent response for each respondent group.
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Figure 1 Attitudes towards the OSTRC Shoulder Injury Prevention Programme among coaches, players, medical
staff and administration according to all respondents in the intervention teams (n=42, 21 coaches, 21 captains)
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ABSTRACT

Although handball is a contact sport with a high risk of acute match injuries, their
mechanisms have not yet been investigated. We aimed to describe the mechanisms of acute
match injuries in elite male handball and evaluate referee performance in injury situations.
Based on injury surveillance from the 24™ Men'’s Handball World Championship 2015 in
Qatar, injury situations and the referee decisions were identified on video footage.

A total of 55 injury situations and 37 referee decisions were included for analysis. The injury
situations were analysed individually by five handball experts, followed by a consensus
meeting. An expert referee panel performed individual blinded evaluation of the referee
decisions, followed by an online consensus meeting. Injuries were evenly distributed among
attackers (n=29) and defenders (n=26). The most frequent injury cause was contact trauma
due to a tackle (n=27). At the time of injury, attackers were most frequently performing a
jump shot (n=9), while defenders were completing a tackle (n=10). Defenders most
commonly tackled the throwing arm (n=7) or towards the head/face region (n=6) of injured
attackers, while attackers most frequently hit injured defenders with the knee during jump
shots (n=5). Agreement between the referees and the expert panel was weak (kappa: 0.22,
95% Cl 0.07 to 0.36), with substantially more lenient rule interpretation by the referees. Our
results suggest that stricter refereeing and rule amendments should be considered to
prevent acute match injuries in elite handball, especially in relation to tackling episodes

when an attacker is performing a jump shot.

KEY WORDS

Injury mechanisms, referee performance, referee decisions, risk factor, handball



INTRODUCTION

Handball is a team throwing sport characterised by frequent and rapid changes of
movement, high intensity running efforts, cutting and jumping, as well as frequent physical
contact between opponents and teammates during tackles and collisions.* Compared to
other Olympic team sports, the risk of acute injuries in handball is high.>® During the 24"
Men’s Handball World Championship 2015 in Qatar, a total incidence of 104.5 match injuries
per 1000 player-hour was reported, with about half leading to time-loss.* Despite existing
rules attempting to make the sport safe and fair,>® the majority of injuries occurred during
matches (92%) and 61% were reported as the result of contact between players, with only a

few cases arising from foul play.*

When planning preventative measures aiming to reduce the rate of sports injuries it is
crucial to understand their causes.” This encompasses information regarding the risk factors
present for a particular player in a given situation and the specific mechanisms of injury.
Bahr & Krosshaug,® expanding on previous epidemiological and biomechanical models,
suggested that the description of the injury mechanisms should not only include details of
the whole body and joint biomechanics at the time of injury, but also needs to account for
the events leading to the injury situation, i.e. the playing situation, as well as player and

opponent behaviour.2°

The majority of intervention studies in sport injury prevention research have used such data
to develop and assess the effect of programmes on the risk of injuries, with only a minority
investigating the effect of amendments and/or stricter interpretation of rules.'! Despite
these studies showing a great potential to reduce the rate of acute injuries through
reduction of foul play, this remains unexplored in several sports and research efforts are

warranted.™?

To successfully intervene through the rules and regulations governing sports, information on
the events leading to injury is needed, including referee performance.? As there is no data

on the events leading to injury in handball and no previous studies have investigated referee
decisions, the aims of this study were to describe the mechanisms of acute match injuries in

elite male handball and evaluate referee performance in injury situations.



METHODS

Study design and video material

This was a prospective video analysis including acute injuries during the 24" Men’s Handball
World Championship 2015 in Qatar. Throughout the event (15 January to 1 February 2015),
122 match injuries were recorded by team medical staff, using the IOC injury and illness
surveillance protocol. Detailed information regarding these injuries and the methods used is
described in a previous publication.” Based on the injury reports, which also included the
approximate timing of the match injuries, three operators accessed the videos of each game
and identified the specific injury situations using video analysis software (ProzoneHANDBALL
v.1.0.0.0.14, ProzoneSports, Leed, UK). All events involving entry of medical team and
playing situations leading to two-minute suspension and red cards were coded to easily
retrieve such events linked to injuries. In addition, players sustaining injuries were tracked
over the course of the specific match reported to identify the key situation leading to injury.
All videos were saved with a minimum of 5 s preceding and following the injury situation. A
total of 55 videos, with visible acute injury situations, were identified and included in an
individual analysis performed by a panel of handball experts June 2016, followed by a

consensus meeting in July 2016 (figure 1).
[Figure 1 near here]

Following the injury consensus meeting, the operators re-accessed the videos to identify the
decisions made by the referees in each injury situation (September to October 2016). Videos
including non-contact traumas (n=4) and videos not showing the referees and their decisions
(n=14) were excluded (figure 1). The referee decisions in the remaining 37 videos were
recorded according to the rules of the game.s’6 An expert referee panel performed individual
blinded evaluation of the same videos using the same evaluation criteria (November 2016),

followed by an online consensus meeting.

Analysis of acute injuries

An expert panel consisting of a handball coach employed by the Norwegian Handball

Federation and four clinicians (two physicians and two physiotherapists) working with



handball players nationally and internationally analysed the 55 injury videos. A specific form,
developed by the expert panel to describe the situation and mechanism leading to injury,
was used for the analyses and included variables such as ball possession, playing position,
court position, injury cause, action of attacker and defender and localisation of tackle or hit,

with additional specific sections on injuries to the head/face, knee and ankle (Appendix 1).

If the team had ball possession, injuries were classified as an acute injury to an attacking
player, whereas if the opposing team had ball possession, injuries were classified as an injury
to a defending player. The cause of injury was divided into contact trauma, landing trauma
following contact and non-contact trauma. Contact trauma was defined as injuries due to
direct contact with opponent (tackle), teammate (collision), static object (e.g. post) or
moving object (e.g. handball). Landing trauma following contact was defined as injuries
occurring during landing after contact with opponent (tackle) or teammate (collision). Non-
contact trauma was defined as injuries occurring during running, cutting, jumping or landing

without any involvement from opponents or teammates.

At the time of injury, the action of both the attacking and defending player was analysed.
The action of the attacking player was divided into: cutting movement; shot on target from
the ground, or while jumping; running towards the goal; receiving pass from teammate;
passing to teammate from the ground or while jumping; or other. The action of the
defending player was divided into: blocking or tackling, with specified body region of the
tackle, e.g. head/face, shoulder, throwing arm, ball, abdomen, hip, thigh, or other. In
addition, whenever an attacking player sustained an injury due to contact with a defending
player, the main body region used by the defender to tackle was noted: head, shoulder,
arm(s) flexed or extended, elbow, hand(s), abdomen, hip, knee, leg, or foot. Whenever a
defending player sustained an injury due to contact with an attacking player, the body
region used by the attacker to hit the defender was noted: head, shoulder, throwing arm,

elbow, hand, ball, abdomen, hip, thigh, knee, or foot.

Following the individual analysis of the acute injuries, a consensus meeting including the five
handball experts and a moderator, was performed at the Oslo Sports Trauma Research
Center. A consensus was reached in all cases, defined as three of the five handball experts in

the panel agreeing on all the variables related to an injury.



Evaluation of referee performance

Three referees employed by the Norwegian Handball Federation, with extensive refereeing
experience from international handball at the club and national team level, performed
individual blinded evaluation of 37 videos of playing situations leading to injury. Blinding was
accomplished by editing the video so that the decision of referees could not be seen. The
evaluation criteria were identical to the ones used by the referees, i.e. no foul, free throw in
favour of attacking (defensive foul) or defending team (offensive foul) and penalty throw in
favour of attacking team (defensive foul). In addition, it was evaluated whether foul play led
to the use of sanctions, i.e. a two-minute suspension, a yellow card (warning) or a red card
(disqualification). In 25 of the 37 videos a consensus could be reached, as at least two of
three in the referee expert panel agreed. The 12 remaining videos were discussed in an
online consensus meeting (Skype, Skype Communications SARL, Luxembourg city,

Luxembourg) to ensure a majority agreement in all cases.

Statistics

Descriptive statistics were used to present the results from the video analysis of acute injury
situations and referee decisions. Kappa correlation coefficients were calculated to assess the
agreement between the decisions made by the referees and the expert referee panel. All
analyses were performed using SPSS statistical software (SPSS V.24, IBM Corporation, New

York, USA).

RESULTS

The acute injuries (n=55) were evenly distributed between attackers (n=29) and defenders
(n=26), but time-loss injuries (n=22) were more common among attackers (n=15). Of the 22
time-loss injuries, ten were reported as less severe injuries (estimated absence 1-2 days), ten
were moderate injuries (estimated absence 3-4 days) and two were severe injuries
(estimated absence >4 weeks). Injuries occurred most frequently between the 6 and 9-meter
line on the handball court (n=37), with back position as the most common playing position at

the time of injury for attackers (n=19) and mid defence for defenders (n=15).



As shown in table 1, the most frequent acute injury cause was contact trauma (n=42) due to
direct contact with an opponent (n=27) and landing trauma following contact (n=9) with an
opponent (n=8). Irrespective of injury cause, a tackling episode between opponents was

observed in the majority of injury situations (n=35).

[Table 1 near here]

Injury situations to the attacking players

Attacking players sustaining an acute injury (n=29) were most frequently performing a shot
on target (n=11), while jumping (n=9) or standing (n=2). The defending opponent(s) most
commonly tackled the attacker’s throwing arm (n=7) or towards the head/face region (n=6),
with arms extended (n=6), while moving towards the attacker from the side (n=11). Most
often, one defender was involved in the injury situation (n=13), followed by two defenders

or more (n=9).

Injury situations to the defending players

When defending players sustained an acute injury (n=26), they most commonly tackled the
throwing arm of an attacker (n=10) or performed a blocking attempt (n=3), while moving
directly towards the attacking player (n=7) or from the side (n=6). Most frequently, they
were hit to the head/face region (n=10), followed by the abdominal and thoracic region
(n=4). In the majority of the situations, the attacking player was performing a jump shot on
target (n=15) and hit the defender with the knee (n=5), the elbow (n=2) or the hand (n=2). In

five of the situations, the defending player was hit by the handball.

Head/face injuries

All the acute injuries to the head/face region (n=17) were classified as contact trauma. The
most common injury situation was a tackling episode (n=12), where six attacking players and
six defending players sustained an injury. A straight blow to the front of the head/face was
the most common injury mechanism (n=10), followed by a blow to the side of the head/face
(n=5), resulting in nine contusions, four lacerations and two concussions. A total of 11
head/face injuries required medical attention on the court. Four players had to leave the

court, two on their own (one contusion and one laceration) and two with assistance from



the medical team (concussions). The majority of the head/face injuries resulted in no
absence from training and match play (n=8), while one was classified as a less severe injury

(contusion) and two as injuries with moderate severity (concussions).

Ankle injuries

The six acute ankle injuries were evenly distributed between contact trauma, landing trauma
following contact, and non-contact trauma. The two injuries classified as due to contact
trauma were both less severe injuries (sprains) and occurred in relation to a direct blow to
the ankle from the anterior side, one during collision with teammate and one during a
tackle. Landing on the ground and on the opponent’s foot were the two situations observed
for the landing traumas following contact with opponent (tackle), both less severe injuries
(sprains). The two non-contact traumas occurred during running without interception from
teammates or opponents and were both moderately severe injuries (one sprain and one
ligament tear). For the non-contact traumas and landing traumas following contact (n=4),
the injured ankle was observed to be in an inverted position at initial contact with either the
ground or foot of an opponent in all cases. At initial contact, the ankle was also in plantar
flexion in two cases and in relatively neutral flexion in two cases. Subsequently, the ankle

moved towards dorsal flexion and inversion in all cases.

Knee injuries

Of the four acute knee injuries, two were classified as contact trauma, one as landing trauma
following contact and one as non-contact trauma. A direct blow to the anterior knee and
from the lateral side was observed as the injury mechanisms for the two contact traumas,
both occurring during a tackle. The anterior blow resulted in a less severe injury (contusion),
while the lateral blow resulted in an injury with moderate severity (sprain). The landing
trauma following contact (n=1) was classified as a less severe injury (sprain) and occurred
during a landing situation on the ground subsequent to a tackle, where the knee was flexed
at initial contact and subsequently moved towards flexion and valgus. The non-contact
trauma (n=1) was classified as a less severe injury (sprain) and observed to occur during a
cutting movement, with the knee flexed and in relatively valgus at initial contact with the

ground, and subsequently moving towards flexion and valgus.



Referee decisions

The overall decisions made by the referees and in relation to possession of the injured player
are presented in table 2. When assessing videos in relation to tackling episodes leading to an
acute injury (n=30), irrespective of possession, no foul was called in eight episodes, free
throw in favour of the defending team (offensive foul) in two and free throw in favour of the
attacking team (defensive foul) in 20, with eight two-minute suspensions of defenders. In
situations where the attacker performed a shot on target (n=10), the most common action
when attackers sustained an injury, the referees called no foul in three cases, free throw
against (offensive foul) in one and free throw in favour (defensive foul) in six, with a two-
minute suspension against the defender in two situations. In situations where the defender
tackled the throwing arm of the attacker (n=7), the most common action when an injury
occurred to defenders, the referees called no foul in four situations and free throw against
(defensive foul) in three, with a two-minute suspension against the injured defender in two
episodes. When examining videos in relation to situations leading to an acute injury, with
any degree of absence (n=13), no foul was called in six situations, free throw in favour of the
attacking player (defensive foul) in five and free throw in favour of the defending players
(offensive foul) in two. Only one of the situations qualified for the use of sanction, a two-

minute suspension of the defending player.

[Table 2 near here]

Evaluation of referee performance

As shown in table 3, there was agreement between the referees and the expert panel in only
14 of the 37 acute injury situations (kappa: 0.22, 95% CI 0.07 to 0.36). The expert panel
awarded two yellow cards and three two-minute suspensions in relation to three free
throws and two penalties, all in in favour of the attacking team (defensive foul), in five
situations in which the referees called no foul. In addition, the expert panel awarded a red
card to an attacking player perpetrating an offensive foul (free throw defending team) in one
situation in which the referees called no foul. When examining the overall use of sanctions,
the expert panel awarded five yellow cards, 11 two-minute suspensions and one red card in

17 situations in which the referees awarded no sanctions.

[Table 3 near here]



Assessment of decisions in relation to tackling episodes (n=30) revealed that the expert
panel called three free throws and one penalty in favour of the attacking team (defensive
foul) in four situations in which the referees called no foul. Regarding use of sanctions, the
expert panel awarded five yellow cards and 11 two-minute suspensions in 16 tackling
episodes in which the referees awarded no sanction. In addition, the expert panel awarded

three red cards in episodes in which the referees only awarded two-minute suspension.

When assessing decisions in the most frequent injury situations for attackers (performing a
jump shot, n=8) and defenders (tackling towards the throwing arm, n=7), the expert panel
called eleven free throws in favour of the attacking team (defensive foul), including seven

two-minute suspensions and one yellow card, in situations where the referees called no foul.

When examining decisions in situations leading to an injury with any degree of absence
(n=13), the expert panel called four free throws in favour of the attacking team (defensive
foul) in four situations in which the referees called no foul. In addition, the expert panel
awarded three yellow cards and five two-minute suspensions, all to the defending player, in
eight situations leading to a time-loss injury in which the referees refrained from the use of

sanctions.

DISCUSSION

This is the first prospective video analysis describing the mechanisms of acute injuries and
evaluating referee performance in injury situations in elite handball. A tackle was the most
frequent injury situation, with contact trauma and landing trauma after opponent contact as
the main injury causes. The referees were substantially more lenient than the expert referee

panel in their interpretation of rules and use of sanctions.

Cause of acute injuries

Handball is considered a contact sport, where tackles and collisions are a natural part of the
game.1 Consequently, this puts players at risk of sustaining an injury, with contact
highlighted as the main cause of injuries in epidemiological studies.***"*® In fact, between 60
to 90% of all injuries has been reported as contact injuries during international male

championships.**”*® Based on player and medical reporting, contact injuries typically occur



during high-speed movement, often involve several players and can be caused by a direct
blow to the body during a tackle or collision, or indirectly during landing, following a tackle,
or a collision.* However, the causes of injury can be challenging to capture with data
collection based on recall. Based on the current video analysis, we found that contact
trauma due to a tackling episode between opponents was the most common acute injury
cause, followed by landing trauma subsequent to a tackling episode. In fact, a tackling

episode was the most frequent event observed preceding an acute injury situation.

Possession and playing position

According to previous epidemiological studies in handball, the majority of injuries occur

during attacking while having ball possession,**™**

with back players in the most vulnerable
playing position.>** However, when adjusting for match exposure during an international
tournament, players in the line position had the highest risk of injury.” In the current study,
acute injuries were evenly distributed between attackers and defenders. At the time of
injury, the back position was the most common playing position for attackers and mid-
defence for defenders, with the majority of injuries occurring between the 6- and 9-m lines.
A previous study conducted on the time motion analysis of the same event highlighted that
majority of goals were scored from the back and line position.21 Therefore, to reduce scoring
chances, it is expected that the likelihood of collisions and contact is high between
opponents in these positions. When comparing our results with previous studies,
methodological differences should be kept in mind, as epidemiological studies are solely
based on player and medical reporting, and may vary from observation of actual injury

situations, i.e. the playing position at the time of injury may vary from player’s ordinary

position and may be dependent on playing possession.

Action of injured player and opponent

To our knowledge, no previous study has reported information regarding the action of the
injured player and the opponent at the time of injury in handball. In the current study, we
found that attacking players most often were performing a jump shot when sustaining an
acute injury, while the defending opponent tackled towards the throwing arm or the
head/face region of the attacker with arms extended, which is a violation of the rules.’

Interestingly, the majority of injuries to defenders occurred in the same playing situation, i.e.



while defenders tackled towards the throwing arm of an attacker performing a jump shot
and were hit by the attackers knee, elbow or hand. This indicates that tackling episodes
occurring when attackers perform a jump shot should be targeted to prevent acute injuries
among both attackers and defenders through development and appropriate interpretation

of the rules of the games.

Referee decisions and performance

We found that the referees called foul play in 62% of situations leading to injuries, with only
a minority leading to the use of sanctions. All situations leading to foul play resulted in free
throws, with the majority in favour of the attacking team (defensive foul), despite injuries
being evenly distributed among attackers and defenders. None of the situations qualified for

a penalty throw and no yellow or red cards were awarded.

In a previous epidemiological study, including match injuries from six international handball
tournaments, 54% of the contact injuries were caused by foul play according to the medical
team and the injured player. In contrast, only 32% of these injuries qualified for the use of
sanctions by the referees.’® These data are solely based on an injury-reporting system and
vulnerable to both recall and information bias. In the current study, we found that the
overall agreement between the referees and the expert panel in regard to calling foul play
was weak, with substantially stricter interpretation of the rules in the expert panel. The
referees were found to be substantially more lenient in their use of sanctions and calling foul
play during tackling episodes and situations leading to time-loss injuries. Based on these
results, we suggest that stricter refereeing and potentially also rule amendment should be
considered to protect handball players from acute injuries, as previous studies have

reported a preventative effect of such efforts in other sports.??

Injury mechanisms of specific body regions

The analysis form used in the current study included specific sections regarding head/face,
knee and ankle, and aimed to describe the acute injury mechanisms to these body regions in
detail. However, due to a limited number of cases, these results must be interpreted with

caution.



All acute injuries to the head/face region were classified as contact trauma. The majority
occurred during tackling episodes and was evenly distributed among attackers and
defenders and should be targeted when aiming to prevent head/face injuries through
referee’s interpretation of rules. A blow straight to the head/face or from the side was the
most common injury mechanism. Interestingly, majority of players continued to play,
despite more than half of the injuries requiring medical attention on the court. Only four
players were withdrawn from play and only two were classified as moderate injuries. Due to
the high intensity in handball, it could be questioned if the severity of head/face injuries in
handball is underestimated. Are the medical teams capturing the true extent of the
problem? Do they use the sport concussion assessment tool when evaluating if a player
should be withdrawn from play after a blow to the head/face? In July 2016, subsequent to
the championship in Qatar, the International Handball Federation updated the rules
regarding injured players during matches. In case of an injury, the referees may give
permission to the medical team to enter the court to assist an injured player. However, if the
preceding event does not involve foul play, the injured player must leave the court
immediately after receiving medical attention and can only return following the third attack
of his team.”® This may provide the medical team with additional time to evaluate an injury.
However, in situations where the referees are uncertain if the player requires medical
attention on the court, the players should decide themselves.?® This may stimulate players to
neglect medical attention to avoid leaving the court. Consequently, this may inhibit the
medical team in capturing a player with a concussion that should be withdrawn from play,
and the new rules should be debated in a medical perspective. Rule amendments to
consider include a three-minute full stop in play whenever the referees suspect a serious
injury to the head, allowing a thorough assessment of the injured player on the court, with
mandatory confirmation from the medical team before the player is allowed back in play,
similar to the procedure introduced by the Union of European Football Associations

Executive Committee in 2014, dealing with suspected concussions in football.”’

28- . . .
830 ankle inversion traumas occur in a neutral

According to previous kinematic case studies,
or dorsal flexed position. Recently, a systematic video analysis of ankle injuries in volleyball
supported this, as landing-related injuries were reported to mostly result from inversion in

neutral flexion without any substantial plantar flexion.** In the current study, we observed



similar mechanisms for acute ankle injuries occurring whilst running or during landing
situations on the ground or on an opponent’s foot. However, when interpreting our results,
it should be noted that we only included four ankle injuries classified as non-contact trauma
or landing trauma following contact. A previous prevention study in handball,* including
exercises to improve awareness and control of ankles during running, cutting, jumping and
landing has reported a reduction in acute ankle injuries, and such exercises should be
preferred when aiming to prevent ankle injuries. Regarding the ankle injuries due to contact
trauma, there is no obvious aim for prevention, as this study only included two cases that

both occurred during an involuntary blow to the ankle.

Two of the acute knee injuries were classified as contact trauma occurring during a tackle,
with a direct blow anterior to the knee and from the lateral side as the observed injury
mechanisms. Potentially, injury preventative measures should focus on referee’s
interpretation of rules in such situations. However, as there are only two cases in the current
study, this remains unclear. The remaining two acute knee injuries in the video material
were classified as one non-contact trauma and one landing trauma. In both injuries, the
knee was flexed at initial contact with the ground and subsequently moving towards
increased flexion and valgus, similar to acute knee injury mechanisms previously reported in
handball.>? Prevention programs including balance exercises focusing on neuromuscular
control, planting and landing skills, and lower extremity strength have been reported to
reduce the risk of acute knee injuries in handball,*** and should be preferred when aiming

to prevent such injuries.

Methodological considerations

A major strength of this study was that we included a sample of real time acute match
injuries in elite handball, which were individually analysed by five handball experts, before
completing a consensus meeting. We also recruited an expert referee panel, with extensive
referee experience from international handball, to perform individual blinded evaluation of
the injury situations in regard to foul play, and compared this with the referee decisions.

However, this study also has several limitations that need to be addressed.

When interpreting our results, it should be kept in mind that the time of injury was

determined subjectively and may differ from real life, but was in most cases obvious



according to the expert panel. As the video material consisted of limited camera angles and
only included a minimum of 5 s preceding and following the injury situations, our ability to
describe the injury mechanisms may have been affected. In addition, the external validity is
limited due to a homogenous population and the low number of cases, especially for ankle

and knee injuries.

Videos not showing the referees and their decisions were excluded, but it seems reasonable
to assume that these would be random cases. When evaluating referee performance, the
decisions made by the expert panel were used as the gold standard. However, we cannot be
certain that their evaluations were correct. There are several differences between evaluating
the situations live compared to on video. In ice hockey, it is reported that situational factors,
such as crowd noise, influence from the coaches and stress can influence the refereeing.34‘35
These factors will also be present during international handball matches and may have
influenced the referee’s decision-making. In contrast, the expert panel will not have been
exposed to these factors. Regarding visual view, the expert panel had access to two camera
angles in most cases, i.e. an overview of the situation, followed by a close up during the
replay. Naturally, these angles will differ from the referees live viewing of the situations and
may have lead to different observations. In addition, the expert panel had the opportunity to
watch unlimited slow-motion replays, providing them with an advantage when evaluation
the situations. It is also reported that hockey referees tend to use a stricter interpretation of
rules when refereeing based on video compared to live.® This may be explained by the
“advantage” rule, allowing referees not to interfere if they consider that the attacker is not
obstructed and will benefit from continued play.’ As the expert panel only had access to the
specific injury situation with a limited timeframe, this may have affected their ability to take
this rule into account. It should also be noted that the culture of handball and tradition of
referring and adherence to existing rules might differ between the Norwegian referees in
the expert panel and championship referees with an extensive international background.

This may have affected our results and challenges the external validity of our findings.

PERSPECTIVES

Rules and referee performance are important external risk factors to consider when

planning injury preventative measures in sports and previous studies intervening on these



factors have reported to successfully reduce the rate of injuries.>*>??> Based on our results,
we recommend that rule amendments and stricter rule enforcement should be considered
to prevent acute match injuries in elite male handball, especially in relation to tackling
episodes when an attacker is performing a jump shot, as this was the most common playing
situation observed when attackers and defenders sustained an acute injury. Measures to
consider are delayed video review of matches with the possibility to retrospectively sanction
players violating the rules,?” as well as extensive referee education focusing on playing
situations with injury potential, i.e. defender use of extended arms during tackles and
attacker use of knee, elbow and hand during jump shots. These measures to reduce foul play
should be communicated to the handball community on an organisational level and be

addressed by future research to assess the effects on acute injury rates.
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Match injuries reported during the event (n=122)

Injury situation not identified (n=25) ‘

|

‘ Match videos with identified injury situation (n=97) ‘

Reported as overuse injury (n=15) ‘

| |

Poor visibility of injury situation (n=27) ‘

‘ Match videos with acute injury situation (n=55) ‘

‘ Individual video analysis by handball expert panel (n=55) ‘

Consensus meeting of acute injury situations (n=55)

Non-contact trauma (n=4) ‘

‘ Individual blinded video analysis by referee expert panel (n=37) ‘

Consensus meeting of referee decisions (n=37)

Figure 1 Study flow chart showing the number of match videos included in the analysis by the handball
expert panel and by the referee expert panel.

Referee decision not identified (n=14) ‘




Table 1 Causes observed for acute injuries (n=55)

Acute injury cause Description n (%)
Contact trauma With opponent (tackle) 27 (49.1)
With opponent (collision) 6(10.9)
With teammate (collision) 2 (3.6)
With static object 1(1.8)
With moving object 6(10.9)
Landing trauma following contact With opponent (tackle) 8 (14.5)
With opponent (collision) 1(1.8)
Non-contact trauma During running 3 (5.5)
During landing 1(1.8)




Table 2 Overall decisions made by the referees and in relation to possession of injured players (n=37)

Referees decisions Attacker injured Defender injured Total
(n=22) (n=15) (n=37)

No foul 6 (27.3) 8 (53.3) 14 (37.8)

Free throw in favour 10 (45.5)a 2 (13.3)b 12 (32.4)

Free throw against 1 (4.5)b 2 (13.3)a 3 (8.1)

Penalty throw - - - - - -

Yellow card - - - - - -
Two—minutesuspensionc 5 (22.7) 3 (20.0) 8 (21.6)

Red card - - - - - -

Results are shown as n (%)
defensive foul, boffensive foul, “all two-minute suspensions resulted in a free throw in favour of the
attacking team (defensive foul)



Table 3 The decisions made by the referees versus the decisions made by the expert referee panel for acute
injury situations (n=37)

Referees
Two-min
Expert panel No foul Free throw®  Free throwb Yellow card suspension Red card
No foul 8 1 1 - - -
Free throw® - 2 - - - -
Free throwb - - - - - -
Yellow card 2 3 - - 1 -
Two-min suspension 3 6 2 - 4 -
Red card 1 0 - - 3 -

%In favour of attacking team (defensive foul), bIn favour of defending team (offensive foul)
The shaded cells denote agreement between the match referees and the expert panel






Appendix |

Literature searches performed to identify studies reporting on:
1. Injuries, risk factors and injury prevention in handball
2. Modifiable risk factors for shoulder injuries in overhead sport

3. Exercises aiming to modify risk factors for shoulder injuries






Literature search 1
Injuries, risk factors and injury prevention in handball

Search #1 Search #2
(terms combined with OR) (terms combined with OR)
“handball”[Text] “athletic injuries”[MeSH]
“handball players”[Text] “athletic injuries”[Text]
Items found: 854 Items found: 24 393
Search #1 AND Search #2 AND “English”[lang] = 177

Studies identified
(n=177)

Irrelevant studies
(n=145)
v

Retrieved abstracts
(n=32)

Discarded after abstract review
(n=10)

Included studies

Included from
manual search

(n=6) (n=28)
Epidemiology Risk factor (cohort) Intervention
(n=19) (n=3) (n=8)




Literature search 2
Modifiable risk factors for shoulder injuries in overhead sport

Search #1 Search #2 #Search 3
(terms combined with OR) (terms combined with OR) (terms combined with OR)
“shoulder”[MeSH] “athletic injuries/epidemiology”[MeSH) | “badminton”[Text]
“shoulder joint”[MesH] “baseball/injuries”[MeSH] “baseball”[Text]
“shoulder”[Text] “shoulder pain”[MeSH] “cricket”[Text]
“glenohumeral joint”[Text] | “risk factors”[MeSH] “lacrosse”[Text]
“injury risk” “softball”[Text]

“tennis”[Text]

“volleyball”[Text]

“water polo”[Text]

Items found: 66 400 Items found: 732 838 Items found: 12 023

Search #1 AND Search #2 AND Search #3 AND “English”[lang] = 605

Studies identified
(n=605)

Irrelevant studies
(n=469)

A

Retrieved abstracts
(n=136)

Discarded after abstract review

(n=119)
A
Included from Included cohort studies
manual search (n=17)
(n=4)

Baseball Cricket Volleyball Multi sport
(n=13) (n=1) (n=1) (n=2)




Literature search 3 (performed 31.05.14)
Exercises aiming to modify risk factors for shoulder injuries

Search #1 Search #2 Search #3 Search #4
(terms combined with OR) (terms combined with OR) (terms combined with OR (terms combined with OR
“shoulder”[MeSH] “external rotation” “exercise therapy”[MeSH] | “muscle strength”[MeSH]
“shoulder joint”[MesH] | “external rotator muscles” | “exercise” “muscle strength”
“shoulder” “infraspinatus” “training” “strength increase”
“glenohumeral joint” “internal rotation” “stretching” “muscle balance”
“posterior capsular” “scapular muscle” “strength ratio”
“scapula”’[MeSH] “serratus anterior” “range of motion” [MeSH]
“scapula” “trapezius” “range of motion”

“rotator cuff” “dyskinesis”
“electromyography”[MeSH]
Items found: 51 208 Items found: 17 430 Items found: 482 077 Items found: 168 522

Search #1 AND Search #2 AND Search #3 AND Search #4 AND “English”[lang] = 624

Studies identified
(n=624)

Irrelevant studies
(n=482)

\

Retrieved abstracts

(n=142)
Discarded after abstract review
(n=123)
Included from Included studies
manual search (n=24)
(n=5)
Experimental studies Electromyography
(n=10) (n=14)
Glenohumeral range of motion (n=4) External rotation strength (n=6)
External rotation strength (n=3) Scapular muscles (n=6)
Scapular muscles (n=1) Multifactorial (n=2)

Multifactorial (n=2)
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Informed consent forms and decision letters from the Regional
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FORESPORSEL OM DELTAKELSE I PROSJEKTET:
“Forebygging av skulderproblemer blant elitehandballspillere ’

s

Senter for idrettsskadeforskning ved Norges idrettshegskole jobber med et nytt prosjekt for & redusere omfanget av
skulderproblemer blant elitehandballspillere.

Dette prosjektet vil veere en videreforing av resultatene fra studien som ble gjennomfert i Postenligaen for menn i
lopet av 2011-2012 sesongen. Det ble her avdekket at skulderproblemer er et utbredt problem, og tiltak for a
forebygge skulderproblemer ber iverksettes. I lopet av sesongen hadde gjennomsnittlig 30% av spillerne symptomer
fra skulderen. De oppgav at de métte redusere treningsmengden og opplevde at de ikke presterte optimalt. Det ble i
tillegg gjennomfort tester i forkant av sesongen for & undersoke hvilke faktorer som er assosiert med
skulderproblemer. Vi ensker a folge opp disse resultatene og underseke effekten av et forebyggingsprogram pa
utbredelsen av skulderproblemer blant elite hdndballspillere. Resultatene fra dette prosjektet vil veere til stor nytte
for norsk handball, da skulderplager er et utbredt problem i handball, i alle aldersklasser og hos begge kjonn.

Vi vil invitere dine utevere til & delta i en studie hvor vi i lepet av en vanlig trening underseker spillernes
skulderstyrke, bevegelighet og koordinasjon. I tillegg vil vi méle spillernes skuddhastighet med laser. Spillerne vil
bli testet av to erfarne fysioterapeuter fra Senter for Idrettsskadeforskning. Deretter vil vi registrere alle
skulderplager de opplever i lapet av sesongen 2014-15, med hjelp av regelmessige sporreskjemaer. Halvparten av
lagene som deltar i prosjektet vil bli instruert i et 8-10 minutters forebyggingsprogram som skal gjennomferes som
en fast del av oppvarming til trening. De resterende lagene fortsetter aktivitet som normalt.

Spillerne fér tilsendt en link til et sparreskjema pé e-post annenhver uke, der vil uteveren fa noen korte spersmal om
belastningsskader i skuldrene. Alle ma fylle ut sparreskjemaene, uansett om de er skadet eller ikke. Det vil ta om lag
2 minutter a fylle ut skjemaet hver gang. Uteverne vil i sperreskjemaet ogsa registrere hvor mye de trener og spiller

héandball.

Dersom uteveren har fravear fra trening pa grunn av skade eller sykdom vil en av oss ta kontakt med den skadde
uteveren pr telefon for & gjennomfere et kort intervju.

Om du bestemmer deg for & delta i studien, skal ditt lags deltagelse vaere konfidensiell. Alle personlige data vil bli
anonymisert etter at innsamlingen er over, og det skal ikke vaere mulig & identifisere verken individer eller lag i

rapporter fra studien.

Angrer du pa ditt lags deltagelse pa noe som helst tidspunkt, kan du selvfolgelig trekke laget fra studien uten & métte
oppgi noen grunn, og uten konsekvenser. Alle data som er samlet inn til da vil i sa fall bli anonymisert.

Vi haper du og laget onsker & delta.

Hvis du vil ha mer informasjon om studien, kan vi kontaktes pa telefonnummer 23 26 23 70 eventuelt pa e-post
grethe.myklebust@nih.no.

Med vennlig hilsen

Grethe Myklebust Roald Bahr Stig Haugsbe Andersson
Forsteamanuensis, Fysioterapeut dr. scient. Professor dr. med. Fysioterapeut, stipendiat
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FORESPORSEL OM DELTAKELSE I PROSJEKTET:
"Forebygging av skulderproblemer blant elitehindballspillere
— En randomisert kontrollert studie”

Bakgrunn for undersgkelsen

Belastningsskader i skulderleddet hos handballspillere har i det siste veert et svert aktuelt tema, bade i media og i
forskningssammenheng. I en kartleggingsstudie vi gjennomforte i Postenligaen for menn i lopet av 2011-2012
sesongen fikk vi bekreftet at skulderproblemer er et utbredt problem, og at forebyggende tiltak er nedvendig. I lopet
av sesongen hadde gjennomsnittlig 30% av spillerne symptomer fra skulderen. De oppgav at de matte redusere
treningsmengden og opplevde at de ikke presterte optimalt. Det ble i tillegg gjennomfort tester i forkant av sesongen
for & undersoke hvilke faktorer som er assosiert med skulderproblemer. Formalet med det kommende prosjektet vil
vare & folge opp disse resultatene og underseke effekten av et forebyggingsprogram pa utbredelsen av
skulderproblemer blant elitehdndballspillere. Resultatene fra denne undersekelsen vil vere til stor nytte for norsk
héndball, da skulderplager er et utbredt problem i handball, i alle aldersklasser og hos begge kjonn.

Senter for idrettsskadeforskning er en forskningsgruppe bestdende av fysioterapeuter, kirurger og
biomekanikere med kunnskap innen idrettsmedisin. Var hovedmélsetting er a forebygge skader i norsk idrett, med
spesiell satsning pa handball, fotball, ski og snowboard. Denne studien er en viktig brikke i arbeidet med a redusere
omfanget av skulderproblemer. Vi ensker na a undersoke effekten av et forebyggingsprogram som har til hensikt a
redusere utbredelsen av skulderproblemer i de to gverste divisjonene for bade menn og kvinner.

Gjennomfaring av undersgkelsen
Vi ensker at du som elitespiller deltar i denne studien, og deltakelsen er frivillig. Testingen vil finne sted pa en
vanlig trening hesten 2014. I lepet av en trening vil vi gjennomfere ulike styrke- og bevegelighetstester i
skulderleddet, samt gjennomfore en bevegelsesanalyse av hvordan du kontrollerer skuldrene dine nér du lofter
armene. I tillegg vil vi méle hvor hardt du skyter med laser.

Testingen vil ta ca. 30 minutter. I tillegg til disse testene vil du fa utdelt et skjema, der vi sper om
treningserfaring og spilleposisjon, tidligere skader, og skulderfunksjon. Sperreskjemaet besvares pa testdagen, og
det vil ta ca. 10 min.

Behandling av testresultatene

Vi vil den neste sesongen folge opp alle lag og spillere som har deltatt pé testingen, for & registrere alle
skulderskader som oppstar. Dataene vil bli behandlet konfidensielt, og kun i forskningseyemed. Alle som utforer
testingen og forskere som benytter dataene er underlagt taushetsplikt.

Vi vil underveis i testingen ta bilder og video av dere som vi senere kan enske & bruke i undervisnings- og
formidlingssammenheng. Bildene og videoopptakene inkluderer situasjoner der herrespillerne kun har pé shorts,
mens kvinnespillerne har shorts og sports bh. Dersom dere ikke vil at deres videoopptak og bilder skal brukes
krysser dere av for det i samtykkeerklaringen.

Hva far du ut av det?
Du vil fa kopi av dine resultater fra styrketestene og lasermalingene som gjennomfores i lopet av testingen.

Angrer du?
Du kan selvfolgelig trekke deg fra forseket nir som helst uten & matte oppgi noen grunn. Alle data som angar deg vil
uansett bli anonymisert.

Spegrsmal?
Ring gjerne til Grethe Myklebust, tlf.: 23 26 23 70 hvis du har spersmal om prosjektet, eller send e-post til
grethe.myklebust@nih.no
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SAMTYKKEERKLARING

Jeg har mottatt skriftlig og muntlig informasjon om studien “Forebygging av skulderproblemer
blant elitehandballspillere — En randomisert kontrollert studie”. Jeg er klar over at jeg kan
trekke meg fra undersgkelsen pa et hvilket som helst tidspunkt.

O Jeg onsker ikke at bilder og videoopptak av meg skal brukes i undervisningssammenheng
Sted Dato
Underskrift

Underskrift foresatt
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Prosjektbeskrivelse

Formalet med prosjektet er & undersgke effekten av et forebyggende program pa utbredelse av
skulderproblemer blant elitehdndballspillere.
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Appendix Il

Baseline questionnaire including a modified version of the
Fahlstrom questionnaire and the Oslo Sports Trauma Research

Center Overuse Injury Questionnaire
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1) Navn?

2) Fgdselsdato?

3) Mobil nummer?

4) Mail adresse?

5) Klubb?

6) Drakt nummer?

7) Hgyde?

8) Vekt?

9) Dominant arm/skuddarm?

Hgyre

Venstre

10) Ar som handbalispiller?
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11) Ar som spiller i eliteserien?

12) Ar som spiller i 1.divisjon?

13) Landslagsspiller?

Ja
Nei

14) Ar som landslagsspiller?

15) Spillerposisjon?

Malvakt
Venstre kant
Venstre bak
Midt bak
Hgyre bak
Hgyre kant

Linje

16) Har du gjennomgéatt skulder- og/eller
nakkeoperasjon i Igpet av de siste 12 manedene?

Ja
Nei

17) Vennligst spesifiser eventuell operasjon siste 12
maneder

18) Har du hatt en eller flere av fglgende akutte skader
i lgpet av siste 6 maneder?

SLAP lesjon (labrumskade/leddleppe skade)
Luksasjon av skulder (ute av ledd)
Luksasjon av albue (ute av ledd)
Fraktur/brudd i albue, overarm eller skulder

Prolaps i nakken

https://response.questback.com/isa/qbv.dll/ShowQuest?Preview=True&QuestID=4617074&sid=v2ul2pskqH&print=1 Side 2 av 4
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19) Hadde du vondt/smerter i din dominante
skulder/skuddarm i Igpet av forrige sesong (2013-
2014)?

Ja

Nei

20) Har du vondt/smerter i din dominante skulder
(skuddarm) akkurat nd?

Ja
Nei

Vi gnsker at du skal besvare alle spgrsmalene uavhengig av om du har
problemer med eller smerter i skuldrene. Svar ved & velge det
svaralternativet som du synes passer best. Om du er usikker p8 hva du skal
svare, forsgk likevel 8 svare s& godt du kan.

Med skulderproblemer menes smerter, verking, stivhet, slark eller andre
plager i en eller begge skuldre.

Her vil vi spgrre om din dominante skulder (den du pleier 8 kaster/skyte
med). Tenk p8 hvordan den skulderen som plager deg mest har vaert de
siste 7 dagene n&r du svarer.

24) Har du vansker med & spille handball (vanlig
trening/konkurranse) p& grunn av problemer med din
dominante skulder (skuddarm)?

Deltatt for fullt uten skulderproblemer

Deltatt for fullt, men med skulderproblemer

Redusert deltakelse, p& grunn av skulderproblemer

Har ikke kunnet delta p& grunn av skulderproblemer

25) I hvilken grad har du redusert treningsmengden pa
grunn av problemer med din dominante skulder?

Ingen reduksjon

I liten grad

I moderat grad

I stor grad

Har ikke kunnet delta

26) I hvilken grad opplever du at problemer med din
dominante skulder pavirker prestasjonsevnen i hdndball
(kamp/trening)?

Ingen pavirkning

https://response.questback.com/isa/qbv.dll/ShowQuest?Preview=True&QuestID=4617074&sid=v2ul2pskqH&print=1
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I liten grad

I moderat grad

I stor grad

Har ikke kunnet delta

27) I hvilken grad opplever du smerte i din dominante
skulder i forbindelse med hdndball deltagelse?

Ingen smerte

I liten grad

I moderat grad

I stor grad

© Copyright www.questback.com. All Rights Reserved.
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Appendix IV

The Oslo Sports Trauma Research Center

Shoulder Injury Prevention Programme
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Appendix V

The Oslo Sports Trauma Research Center
Overuse Injury Questionnaire

(Two versions: Intervention and control group)
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"SENTER FOR

3 Norges Idrettsskadeforskning

“Handballforbund{_

\ JNE AV ONA

Vi gnsker at du skal besvare alle spgrsmalene uavhengig av om du har problemer eller smerter i din dominante skulder
(skuddarm). Med skulderproblemer menes smerter, verking, stivhet, slark eller andre plager i din dominante skulder.

Her vil vi spgrre om din dominante skulder (den du pleier 8 kaste/skyte med). Tenk p& hvordan din dominante skulder har
veert den siste uken (7 dagene) ndr du svarer.

Navn:
Klubb:

Dato:

Har du hatt vansker med & spille hdndball (vanlig trening/konkurranse) pa grunn av problemer med din
dominante skulder (skuddarm)?

Deltat for fullt uten skulderproblemer

Deltat for fullt, men med skulderproblemer
Redusert deltakelse, p& grunn av skulderproblemer
Har ikke kunnet delta p& grunn av skulderproblemer

I hvilken grad har du redusert treningsmengden pa grunn av problemer med din dominante skulder?

Ingen reduksjon

I liten grad

I moderat grad

I stor grad

Har ikke kunnet delta

I hvilken grad har du opplevd at problemer med din dominante skulder har pavirket prestasjonsevnen i handball
(kamp/trening)?

Ingen pavirkning

I liten grad

I moderat grad

I stor grad

Har ikke kunnet delta

I hvilken grad har du opplevd smerte i din dominante skulder i forbindelse med handball deltagelse?
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ingen smerte
I liten grad
I moderat grad

I stor grad

Har du hatt en akutt skade (skade som oppstod som fglge av en enkelt skadesituasjon, f.eks: takling) i din dominante
skulder (skuddarm) den siste uken?

Yes
No

Krevde den akutte skaden medisinsk tilsyn fra lege/fysioterapeut eller annet helsepersonell?

Ja
Nei

Oppstod den akutte skaden under handballaktivitet (trening/kamp)?

Ja
Nei

Hvor mange timer har du trent hdndball med laget den siste uken?

Hvor mange kampminutter (hdndball) har du spilt den siste uken?

Hvor mange minutter styrke- og/eller stabilitetstrening som involverer skulder og arm har du gjennomfgrt den
siste uken?

Hvor mange ganger har du gjennomfgrt skulderprogrammet sammen med laget den siste uken?

N =

N o b~ Ww

Hvor mange ganger har du gjennomfgrt skulderprogrammet pa egenhdnd den siste uken?

N o 1A W N = O

© Copyright www.questback.com. All Rights Reserved.
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"SENTER FOR

3 Norges Idrettsskadeforskning

“Handballforbund{_

\ JNE AV ONA

Vi gnsker at du skal besvare alle spgrsmalene uavhengig om du har problemer eller smerter i din dominante skulder
(skuddarm). Med skulderproblemer menes smerter, verking, stivhet, slark eller andre plager i din dominante skulder.

Her vil vi spgrre om din dominante skulder (den du pleier 8 kaste/skyte med). Tenk p& hvordan din dominante skulder har
veert den siste uken (7 dagene) ndr du svarer.

Navn:
Klubb:

Dato:

Har du hatt vansker med & spille hdndball (vanlig trening/konkurranse) pa grunn av problemer med din
dominante skulder (skuddarm)?

Deltat for fullt uten skulderproblemer

Deltat for fullt, men med skulderproblemer
Redusert deltakelse, p& grunn av skulderproblemer
Har ikke kunnet delta p& grunn av skulderproblemer

I hvilken grad har du redusert treningsmengden pa grunn av problemer med din dominante skulder?

Ingen reduksjon

I liten grad

I moderat grad

I stor grad

Har ikke kunnet delta

I hvilken grad har du opplevd at problemer med din dominante skulder har pavirket prestasjonsevnen i handball
(kamp/trening)?

Ingen pavirkning

I liten grad

I moderat grad

I stor grad

Har ikke kunnet delta

I hvilken grad har du opplevd smerte i din dominante skulder i forbindelse med handball deltagelse?
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ingen smerte
I liten grad
I moderat grad

I stor grad

Har du hatt en akutt skade (skade som oppstod som fglge av en enkelt skadesituasjon, f.eks: takling) i din
dominante skulder (skuddarm) den siste uken?

Yes
No

Krevde den akutte skaden medisinsk tilsyn fra lege/fysioterapeut eller annet helsepersonell?

Ja
Nei

Oppstod den akutte skaden under handballaktivitet (trening/kamp)?

Ja
Nei

Hvor mange timer har du trent hdndball med laget den siste uken?

Hvor mange kampminutter (hdndball) har du spilt den siste uken?

Hvor mange minutter styrke- og/eller stabilitetstrening som involverer skulder og arm har du gjennomfgrt den
siste uken?

© Copyright www.questback.com. All Rights Reserved.
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Appendix Vi

Video analysis form used in the analysis of acute injuries during the
24™ Men’s Handball World Championship 2015 in Qatar






Video analysis of acute injuries during
the 24™ Men’s Handball World Championship 2015 in Qatar

Analyst: Date:

Injury information (pre-filled based on injury registration)
Injury nr: Body part:  Abdomen

Team: Ankle
Opponent: Elbow
Player nr: Face
Finger
Foot/toe
Groin
Head
Hip

Position: Back
Goalkeeper
Pivot/line
Wing
Not available

Ooo0oagao

Knee
Lower leg
Match time: Lumbar spine
Video time: Neck
Pelvis/sacrum
Notes: Shoulder/clavicle
Sternum/ribs
Thigh
Thumb
Upper arm
Wrist
Please correct any pre-filled information above you disagree with, or is missing, after analyzing the video

Fill in for ALL INJURIES - Playing situation and injury type

Possession Injury type (tick off only 1 option)

] 0O 0000000 o0oooobooooooad

Attack 0O 1.Contact trauma

Turnover attack O With opponent, tackle O

Defense O With teammate, collision O

Turnover defense O With static object, e.g. post O
With moving object, e.g. handball O

Injured side

Right O 2. Landing trauma with preceding contact

Left O Preceding contact with opponent, tackle O

Unsure/not relevant [ Preceding contact with teammate, collision O

Playing position 3.Non-contact trauma

Back O Running O

Wing O Cutting O

Pivot/line O Jumping O

Goalkeeper O Landing without preceding contact O

Mid defense O Other: O

Court position

Between center line and the 9m line own side
Between center line and the 9m line opponents side
Between the 6m and 9m line own side

Between the 6m and 9m line opponents side
Within the 6m line own side

Within the 6m line opponents side

Outside playing court

O0O0O0OO0ogao




Only fill in if INJURY ATTACKING PLAYER

Action attacking/injured player Movement of main defending opponent o N/R
Cutting movement O Directly towards attacking player O
Shot on target from the ground O From the side towards attacking player O
Shot on target while jumping O Static in front of attacking player O
Run towards target O Follows the attacking player O
Dribbles towards target O Comes from behind the attacking player O
Receives pass from teammate O
Passes to teammate from the ground O Defending opponent tackles with o N/R
Passes to teammate while jumping O Head O
Other: O Shoulder O

Arm(s) flexed 0O
Ball possession attacking player Arm(s) extended O
>5 seconds O Elbow
<5 seconds O Hand(s) O
Receives ball <1 second O Abdomen/thorax O
No ball possession O Hip O

Knee O
Action defending opponent O N/R Leg O
Tackles to the face/head O Foot O
Tackles to the neck O
Tackles to the shoulder O Evaluation of tackle O N/R
Tackles to the throwing arm - upper O Clean O
Tackles to the throwing arm - lower O Violation of rules O
Tackles to the throwing arm - hand ] Unsure 0
Tackles to the ball O
Tackles to the abdomen O Is attacking player aware of defenders position [ N/R
Tackles to the hip O Yes O
Tackles to the thigh ] No 0
Other: O Unsure O
Multiple defenders involved in tackle O N/R Velocity of tackle o N/R
No, mainly one defender O High velocity O
Yes, two defenders O Low velocity O
Yes, >two defenders O Unsure O
Is the tackle to the pre-registered injured body part? Does the player land on the pre-registered injured body part?
Yes, specify: 0O Yes, specify: O
No, specify: 0O No, specify: O
Unsure O Unsure O

N/R = Not relevant



Only fill in if INJURY DEFENDING PLAYER

Action attacking opponent
Cutting movement

Shot on target from the ground
Shot on target while jumping
Run towards target

Dribbles towards target
Receives pass from teammate

Passes to teammate from the ground
Passes to teammate while jumping
Other:

Ball possession attacking opponent
>5 seconds

<5 seconds

Receives ball <1 second

No ball possession

Action defending/injured player
Tackles to the face/head

Tackles to the shoulder

Tackles to the throwing arm - upper
Tackles to the throwing arm - lower
Tackles to the throwing arm - hand
Tackles to the ball

Tackles to the abdomen

Tackles to the hip

Tackles to the thigh

Blocking while jumping

Other:

Multiple defenders involved in tackle
No, mainly one defender

Yes, two defenders

Yes, >two defenders

Movement of main defending opponent
Directly towards attacking player

From the side towards attacking player
Static in front of attacking player

Follows the attacking player

Comes from behind the attacking player

Ooo0Ooooao

Oooaog

O Ooooooooooao Ooooao

O o

O
O
O
O
O

Defending/injured player gets hit to the
Face/head
Shoulder
Upper arm
Lower arm
Hand
Abdomen
Thorax
Hip

Knee

Leg

Foot

Attacking player hits the defender with
The face/head
The shoulder

The throwing arm
The elbow

The hand

The ball

The abdomen
The hip

The thigh

The knee

The foot

Evaluation of tackle
Clean

Violation of rules
Unsure

Is attacking player aware of defenders position

Yes
No
Unsure

Velocity of tackle
High velocity

Low velocity
Unsure

Oo0ooooooooooad

Oooooooooooodd

Ooooaog Ooogao

Ooo0oogaog

N/R

N/R

N/R

N/R

N/R

Only if landing trauma after preceding contact

Does the player land on the pre-registered injured body part?

Yes, specify:

No, specify:

Unsure

O
0
O

N/R = Not relevant




Only if INJURY TO HEAD/FACE

Injury situation

Tackled by defending opponent during attack/turnover attack
Hit by attacking player during defense/turnover defense

Hit by ball during attack/turnover attack

Hit by ball during defense/turnover defense

Hit to head during landing in attack/turnover attack

Hit to head during landing in defense/turnover defense
Other:

Ooooooao

Localization of the hit/tackle/landing
Straight to the head/face

Left side of the head

Right side of the head

Front of the neck

Back of the head/neck

Top of the head

Other:

Visual consequences

Medical attention on the court is needed

Oo0ooooao

Yes O
No [}
Unsure O

Injured player leaves the court
Yes, on his own

Yes, with assistance from the medical team
Yes, followed by the medical team

No

Unsure

Ooo0oooad




Only if INJURY TO THE KNEE

Only if landing trauma after preceding contact or after non-contact trauma

Landing situation O Landing on 1 or 2 feet

Lands on the ground O Lands primarily on 1 foot (involved) 0
Lands on opponents foot O Lands relatively on both feet O
Lands on teammates foot O Lands primarily on one foot (uninvolved) O
Lands on ball O Other: O
Other: O

Balance during landing

Relatively balanced O

Relatively unbalanced O

Other: O

Only if non-contact trauma: running, cutting or jumping (not landing)
Situation Contact with the ground

Running O Contact with primarily 1 foot (involved) O
Cutting O Contact relatively with both feet O
Jumping O Contact with primarily 1 foot (uninvolved) [
Other: O Other: O

Only if contact trauma (tackled by opponent or collision with teammate)

Applied forces to the knee

From the front/anterior O
From the outside/lateral O
From the inside/medial O
From behind/posterior o
Unsure O

All knee injuries - Knee position at initial contact with ground, player or ball
Flexed/extended Rotated?

Flexed Tibia external rotated

Neutral Tibia internal rotated

Hyperextended Neutral

Oooad
Oo0ooad

Unsure Unsure

Valgus/varus?
Relatively in valgus
Relatively in varus

Oooaog

Neutral
Unsure

O

All knee injuries - Knee movement from initial contact to time of injury
Flexion/extension? Rotation?

Towards flexion 0 External rotation of tibia 0
Towards extension O Internal rotation of tibia O
Static O Static O
Unsure O Unsure O

Valgus/varus?
Towards valgus
Towards varus
Static

Unsure

Ooooao




Only if INJURY TO THE ANKLE

Only if landing trauma after preceding contact or after non-contact trauma

Landing situation O Landing on 1 or 2 feet

Lands on the ground O Lands primarily on 1 foot (involved) O
Lands on opponents foot O Lands relatively on both feet O
Lands on teammates foot O Lands primarily on one foot (uninvolved) O
Lands on ball O Other: O
Other: O

Balance during landing

Relatively balanced O

Relatively unbalanced 0

Other: O

Only if non-contact, running, cutting or jumping (not landing)
Situation Contact with the ground

Running O Contact with primarily 1 foot (involved) O
Cutting O Contact relatively with both feet O
Jumping O Contact with primarily 1 foot (uninvolved) [
Other: O Other: O

Only if contact trauma (tackled by opponent or collision with teammate)

Applied forces to the ankle
From the front/anterior

From the outside/lateral
From the inside/medial
From behind/posterior

Ooooaog

Unsure

All ankle injuries - Ankle position at initial contact with ground, player or ball
Plantar/dorsal flexed? Inverted/everted?

Plantar flexed O Inverted O
Relatively neutral O Relatively neutral O
Dorsal flexed O Everted O
Unsure O Unsure O
Plantar/dorsal movement? Inversion/eversion movement?

Towards dorsal flexion O Toward inversion O
Towards plantar flexion 0 Toward eversion 0
Static O Static O
Unsure O Unsure O




Please describe the playing situation preceding the injury in your own words, outlining any factors

which may cause the injury situation.

Please describe the injury mechanism in your own words.
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