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No individual can win a game by himself.
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Summary

Background

Groin injuries represent a considerable problem in football and account for 4% to 19% of all time loss
injuries among male players. Until now, groin-specific exercise programmes have not shown a
significant effect on groin injury rates. However, since the programmes were designed, there have
been new data published on hip adduction exercises in the context of both muscle activation and
strength effects. The overall aim of this dissertation was to develop and examine the effect of an
Adductor Strengthening Programme on the prevalence of groin problems among male football
players. We also wanted to test a new method for registering groin problems among players of both
sexes and different levels of play. In addition, we wanted to examine the strength and sprint effect of
the FIFA 11+ warm-up programme. Finally, we examined players’ attitudes towards groin injury
prevention and their experiences with the implementation of the Adductor Strengthening

Programme.
Methods

The dissertation is based on four different research projects. In the first project (Paper ), we used the
Oslo Sports Trauma Research Center Overuse Injury Questionnaire in a six-week prospective
registration of groin problems among 240 players during a period with match congestion. In the
second project (Paper Il), we examined the strength effect of the FIFA 11+ with and without the
Copenhagen Adduction exercise, in an eight-week randomised controlled trial among 45 male U19
players. In the third project (Paper lll), 632 players were enrolled in a 28-week cluster randomised
controlled trial examining the preventive effect of an Adductor Strengthening Programme based on
the Copenhagen Adduction exercise. In project four (Paper IV), 501 of the players included in Paper
Il responded to a survey about their experiences with the implementation of the Adductor

Strengthening Programme and their attitudes towards groin injury prevention.
Main results

The average weekly prevalence of any groin problem and substantial groin problems for all male
players was 29% (range, 23% to 32% across different levels) and 10% (7% to 13%) respectively. For
elite female players, the prevalence of any groin problem was 14%, while the prevalence of
substantial groin problems was 4%. Elite male players had an increased risk of groin problems (odds
ratio: 3.1, 95% Cl: 1.5-6.4, p=0.03) compared to elite female players. There was no difference in the

risk of groin problems among elite, sub-elite and amateur male players (Paper I). In Paper II,



between-group analyses revealed a significant increase in eccentric hip adduction strength of 0.29
Nm/kg (8.9%, p=0.01) in favour of the group performing the Copenhagen Adduction exercise,
whereas no within-group change was noted in the group that used the standard FIFA 11+ programme
(-0.02 Nm/kg [-0.7%], p=0.69). In Paper llI, the average prevalence of groin problems during the
regular season was 13.5% (95% Cl: 12.3% to 14.7%) in the group performing the Adductor
Strengthening Programme and 21.3% (95% Cl: 20.0% to 22.6%) in the control group continuing
normal training. The risk of reporting groin problems was 41% lower for the group performing the
programme (odds ratio: 0.59, 95% ClI: 0.40 to 0.86, p=0.008). Paper IV showed that most players
think footballers are at moderate to high risk for groin injuries (87%) and that there is a need for
preventive measures (96%). They also believe that a preventive programme with strength exercises
targeting the hip adductors would reduce the risk of groin injury (91%). A majority of players
reported using less than five minutes to complete the Adductor Strengthening Programme (73%),
and only 11% wanted additional exercises. However, only 46% reported performing the programme
as recommended, and a smaller proportion (31%) planned to continue using the programme as

recommended the next season.

Conclusions

We found a high prevalence of groin problems among male football players during a period with
match congestion. Elite male players had 3 times’ higher risk of reporting groin problems than elite
female players, but level of play did not influence the risk of reporting groin problems among males.
We also found that the standard FIFA 11+ programme did not increase eccentric hip adduction
strength, while including the Copenhagen Adduction exercise in the programme provided the missing
strength effect. The Adductor Strengthening Programme substantially reduced the prevalence and
risk of groin problems in male football players. Finally, we found that footballers believe that groin
injury prevention measures are needed. Attitudes towards the implementation of the Adductor
Strengthening Programme were positive, and the single-exercise approach was considered an
important facilitator. However, in disseminating the programme, the players’ reluctance to maintain

the exercise protocol may be a potential barrier to implementation that should be addressed.



Sammendrag pa norsk

Bakgrunn

Lyskeskader er et betydelig problem blant fotballspillere og star for 4% til 19% av alle fraveersskader
blant mannlige spillere. Flere skadeforebyggende programmer har blitt introdusert, men inntil na har
ingen klart 3 vise effekt pa skaderaten. Derimot har det siden programmene ble utviklet blitt
publisert nye data pa muskelaktivering og styrkeeffekten fra flere gvelser som fokuserer pa
hofteadduksjon. Hovedformalet med dette doktorgradsprosjektet var & utvikle og teste effekten av
et styrketreningsprogram for hofteadduktorene (Adductor Strengthening Programme), pa
prevalensen av lyskeproblemer blant mannlige fotballspillere. Vi gnsket ogsa a teste en ny metode
for registrering av lyskeproblemer blant fotballspillere av begge kjgnn og pa ulike niva. Videre gnsket
vi a undersgke styrkeeffekten av oppvarmingsprogrammet FIFA 11+. Avsluttende ville vi undersgke
fotballspillernes erfaringer med implementeringen av Adductor Stregthening Programme og deres

holdninger til forebygging av lyskeskader.
Metode

Doktorgradsavhandlingen er basert pa fire ulike prosjekter. | det fgrste prosjektet (Artikkel 1)
benyttet vi Oslo Sports Trauma Research Center Overuse Injury Questionnaire i en seks-ukers
prospektiv registrering av lyskeproblemer blant 240 spiller i en periode med tett kampprogram. | det
andre prosjektet (Artikkel Il) undersgkte vi styrkeeffekten fra oppvarmingsprogrammet FIFA 11+,
med og uten en spesifikk styrkegvelse for hofteadduktorene (Copenhagen Adduction exercise), i en
atte-ukers randomisert kontrollert studie blant 45 mannlige U19 spillere. | det tredje prosjektet
(Artikkel 1) inkluderte vi 632 spillere i en 28-ukers randomisert kontrollert studie der vi undersgkte
den skadeforebyggende effekten av Adductor Strengthening Programme. | det fjerde prosjektet
(Artikkel IV) besvarte 501 av spillerne involvert i Artikkel Il pa en spgrreundersgkelse angdende deres
erfaring med implementeringen av styrketreningsprogrammet og deres holdning til forebygging av

lyskeproblemer.
Resultater

Artikkel | viste at gjennomsnittlig prevalens av alle lyskeproblemer og betydelige lyskeproblemer for
alle mannlige fotballspillere var 29% (range, 23% til 32% pa de ulike nivaene) og 10% (7% til 13%),
respektivt. Kvinnelige elitespillere hadde en gjennomsnittlig prevalens av alle lyskeproblemer pa
14%, mens prevalensen av betydelige lyskeproblemer var 4%. Mannlige elitespillere hadde en gkt

risiko for a fa lyskeproblemer (odds ratio: 3.1, 95% Cl: 1.5-6.4, p=0.03) sammenlignet med kvinnelige

Vi



elitespillere. Det var ingen forskjell i risiko for a fa lyskeproblem mellom de ulike nivaene av
herrefotball. | Artikkel Il viste analyser av forskjell mellom gruppene en gkning i eksentrisk
hofteadduksjon pa 0.29 Nm/kg (8.9%, p=0.01) i favgr av gruppen som gjennomfgrte Copenhagen
Adduction exercise. Analyser av forskjell innad i gruppene viste at gruppen som gjennomfgrte
standard FIFA 11+ oppvarming ikke hadde endring i styrke (-0.02 Nm/kg [-0.7%], p=0.69). Artikkel 11l
viste at den gjennomsnittlige prevalensen av alle lyskeproblemer var 13.5% (95% Cl: 12.3% til 14.7%)
for gruppen som gjennomfgrte Adductor Strengthening Programme og 21.3% (95% Cl: 20.0% to
22.6%) for kontrollgruppen som gjennomfgrte ordinzer trening. Risikoen for a rapportere
lyskeproblemer var 41% lavere for gruppen som gjennomfgrte programmet (odds ratio: 0.59, 95% ClI
0.40 til 0.86, p=0.008). Resultatene fra Artikkel IV viste at majoriteten av spillerne mente at
fotballspillere har moderat til hgy risiko for a fa lyskeskader (87%) og at det er behov for a innfgre
forebyggende tiltak (96%). De trodde ogsa at et skadeforebyggende program med styrkegvelser
fokusert pa hofteadduksjon ville redusere risikoen for lyskeskader (91%). Majoriteten av spillerne
rapporterte at de brukte mindre enn 5 minutter pa d gjennomfgre Adductor Strengthening
Programme (73%) og kun 11% gnsket flere gvelser. Derimot rapporterte kun 46% at de hadde
giennomfgrt programmet som anbefalt, og en enda lavere andel (31%) planla & benytte det med

anbefalt treningsprotokoll neste sesong.
Konklusjon

Vi fant en hgy prevalens av lyskeproblemer blant mannlige fotballspillere i en periode med tett
kampprogram. Mannlige elitespillere hadde 3 ganger sa hgy risiko for a rapportere lyskeproblemer
sammenlignet med kvinnelige spillere. Blant herrespillere utgjorde ikke nivaet de spilte pa noen
forskjell i risiko for skade. Vi fant ogsa at standard FIFA 11+ ikke ga noen styrkefremgang i
hofteadduktorene, derimot kan inkludering av Copenhagen Adduction exercise bidra til gkt
styrkeeffekt. Det skadeforebyggende programmet Adductor Strengthening Programme reduserte
prevalensen og risiko for lyskeproblemer blant mannlige spillere betydelig. En-gvelses tilnaermingen
viste seg a vaere en viktig faktor for vellykket implementering av programmet. Derimot kan den

nglende holdningen til fortsatt giennomfgring av programmet representere en potensiell barriere.

VI
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Background

Background

What is a groin injury?

The Medical Subject Headings (MeSH) defines the groin as ‘the external junctural region between the
lower part of the abdomen and the thigh’. However, the injured footballer can describe groin pain as
pain deriving from different anatomical regions, such as the hip adductors, lower abdomen, hip
flexors, hip joint or a combination of these different structures. The same inconsistency is present in
both clinical practice and the literature. There is substantial variation in the terminology of diagnoses
used to describe groin pain; the same term can even have multiple interpretations. This variation is
highlighted in a systematic review on the management of groin pain in athletes (Serner et al., 2015b).
In the 72 studies identified, the authors found 33 different diagnoses used for groin pain in athletes
(Serner et al., 2015b). Although many of these represent different pathologies, different terms are
used to describe similar symptoms. Examples of the unspecific diagnoses and terms used for groin
pain are osteitis pubis, pubalgia and pubic bone stress, for which definitions often differ but can have
considerable overlap (Serner et al., 2015b). The lack of clear terminology and definitions may cause

misunderstandings between clinicians as well as limit scientific advances.

In an attempt to agree on a standard terminology, the Doha agreement meeting on terminology and
definitions in groin pain in athletes was held in 2014. Prior to the meeting, a group of 24 international
experts from a variety of backgrounds were invited to participate in a Delphi procedure by providing
their preferred terms to describe the diagnoses of two clinical cases (Weir et al., 2015a). In total, 18
different terms were used to describe the diagnosis for the first case, and 22 different terms were
used for the second case. During the following agreement meeting, a single set of terms and
definitions were agreed upon. This agreement enables similar classifications relating the athlete’s
groin pain to specific areas with defined clinical entities and based on reproducible clinical
examination tests (Weir et al., 2015a). The classification system has three major subheadings for
groin pain in athletes: (1) defined clinical entities for groin pain (figure 1), (2) hip-related groin pain

and (3) other causes of groin pain in athletes.



Background

Adductor-related groin pain
D lliopsoas-related groin pain

. Inguinal-related groin pain
D Pubic-related groin pain

Figure 1 Location of the defined clinical entities for groin pain. Figure from Weir et al. (2015b) with permission.

Anatomical overview

Pelvis

The pelvis is formed from two innominate bones, each composed of three fused bones: the ilium,
ischium and pubis. The pubic symphysis is a cartilaginous joint that sits between and joins the left
and right superior rami of the pubic bones (Becker et al., 2010). Laterally within the pelvic ring, the
ilium, ischium and pubis coalesce are covered by hyaline cartilage to form the acetabulum, which

articulates with the head of the femur. Posteriorly, the bones articulate with the sacrum.

Adductor muscles

The adductor muscle group is considered to include the adductor longus, adductor brevis, adductor
magnus, pectineus, gracilis and obturator externus. The adductor longus originates from the anterior
pubic body inferior to the pubic crest (Schilders et al., 2017). The proximal insertion has been shown
to be fibrocartilaginous, and the muscle usually still consists of more than 90% tendon 3 mm from
the origin (Davis et al., 2012). It expands to insert onto the linea aspera of the femur. The adductor
brevis originates just inferior and posterior to the adductor longus. Some muscle fibres from the
adductor brevis in males and some tendinous fibres in females are described as fusing with the

gracilis, which originates from a small area on the external point of the ischiopubic ramus (Davis et
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al., 2012). The adductor magnus has two proximal portions (Broski et al., 2016; Obey et al., 2016).
The primary muscular origin extends posteriorly along the ischiopubic ramus into a tendinous

insertion at the inferior ischial tuberosity (Broski et al., 2016; Obey et al., 2016). The origins of the
pectineus on the superior pubic ramus as well as the obturator externus on the ischiopubic ramus

have received less attention in relation to groin pain.

Abdominal muscles

The rectus abdominis, pyramidalis, transversus abdominis as well as internal and external obliques
muscles are all understood to have relevance to groin pain due to their distal insertion on the pubic
bone. Anterior capsular tissue of the pubic symphysis has been referred to as the pubic plate or pubic
aponeurosis (Omar et al., 2008; Palisch et al., 2013). The lower abdominal wall is composed of
several additional layers that form the rectus sheath anterior to the rectus abdominis. The
pyramidalis muscles are paired and lie between the anterior surface of the rectus abdominis and the
posterior surface of the rectus sheath (Lovering & Anderson, 2008; Schilders et al., 2017). The
transversus abdominis is the deepest abdominal muscle and is described as fusing medially with the
internal oblique to distally form a conjoint tendon. This forms the medial part of the inguinal ring,
and attaches at the pubic crest and pectineal line. Anterior to the internal abdominal obliques is the
external abdominal oblique, which extends diagonally from lateral proximal to medial distal,

transitioning into an aponeurosis that distally forms the inguinal ligament (Fagan & Awad, 2004).

Hip flexors

The psoas major originates from the transverse processes of the lumbar vertebrae and courses
caudally across the brim of the pelvis to lie anterior to the capsule of the hip. The iliacus tendon
extends proximally into the belly of the iliacus muscle (Philippon et al., 2014), a triangular muscle
that arises from the upper two thirds of the iliac fossa and the inner lip of the iliac crest. The fibres
converge in the lateral side of the psoas major tendon. The distal iliopsoas muscle is described as
having separate tendon insertions with distinct tendons originating from the psoas major and the
iliacus muscles (Philippon et al., 2014; Tatu et al., 2001). The psoas major tendon is located medially,
and the primary iliacus tendon is located slightly laterally. The proximal insertion of the rectus
femoris includes two separate tendons from the anterior inferior iliac spine and above the rim of the
acetabulum. The two tendons extend distally and unite to spread into an aponeurosis where the

muscle fibres arise. The muscle inserts into the base of the patella (Gyftopoulos et al., 2008).

Which structures are injured?
Although the Doha classification system represents an important improvement in groin pain

terminology, the exact pathologies remain unidentified. Within the different sub-headings of the
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Doha classification system, there are several anatomical structures that can be injured. In the
following section, an overview of most common anatomical structures thought to cause groin pain

are presented.

Acute hip adductor and flexor injuries

In two different studies using magnetic resonance imaging (MRI), Serner et al. examined the
characteristics of acute hip adductor injuries (2018a) and hip flexor injuries (2018b). In the study on
acute adductor injuries, 71 male athletes (55% football players) were included and 121 injured sites
were identified (Serner et al., 2018a). There were 46 isolated injuries, while 25 athletes had multiple
adductor injured sites. An injury to the adductor longus was found in 87% of cases, followed by the
adductor brevis (25%) and pectineus (24%). Three characteristic injury locations to the adductor
longus muscle were seen (figure 2): (1) the proximal insertion (most injuries were complete
avulsions), (2) the musculotendinous junction (MTJ) of the proximal tendon and (3) the MTJ of the

distal tendon (Serner et al., 2018a).

Proximal inscrtion

MT]J of the proximal tendon

MT]J of the distal tendon

Figure 2 Anatomical illustration of the three most common acute adductor longus injury locations.
Figure from Serner et al. (2018a) with permission.

In the study on acute hip flexor injuries, 33 male athletes (67% footballers) were included and a total
of 40 acute injuries were identified (Serner et al., 2018b). An injury to the rectus femoris was found
in 48% of cases, and in 94% of those the proximal tendons (tendon insertions and MTlJs of the direct

and indirect tendons) were involved. The second-most injured muscle was the iliopsoas (33% of

4
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cases), where three characteristic injury locations were seen: (1) proximal injury near the insertion of
the posterior medial part of the iliacus, (2) the distal MTJ of the posteromedial part of the iliacus and
(3) the distal MTJ of the psoas major (Serner et al., 2018b). Findings from the two studies have
demonstrated the most frequently injured muscles and their most common locations in acute groin
injuries. However, the limited number of athletes identified with injuries, especially with hip flexor
injuries, may reduce the generalizability of the findings. Finally, the authors highlighted that the
athletes attending the specialised hospital may have more severe injuries than other populations

(Serner et al., 2018a).

Longstanding pubic- and adductor-related injuries

Symptoms in longstanding cases are often vague, and both injury location and onset can be
challenging to determine. The use of differing diagnostic terminology was highlighted in a review
reporting on the radiological findings in cases with prolonged groin pain in athletes (Branci et al.,
2013). Although Branci et al. (2013) considered the current evidence to be based on relatively few
heterogeneous studies of varying methodological quality, four main radiological findings appeared to
be reported consistently: (1) degenerative changes at the pubic symphysis, (2) pathology in the
adductor muscle insertions at the pubic bone, (3) pubic bone marrow oedema and (4) the secondary
cleft sign (a high-signal intensity line extending laterally and inferiorly from the inferior part of the
symphysis). The same group later developed a standardised MRI evaluation protocol for imaging
patients with longstanding sports-related hip or groin pain (Branci et al., 2014a). In a cross-sectional
study, MRI findings were compared between 28 symptomatic and 17 asymptomatic male football
players (Branci et al., 2014b). Furthermore, findings from asymptomatic players were compared to
findings from 20 asymptomatic athletes not playing football. The results showed that symptomatic
players often had multiple findings. A protruding central fibrous symphysis disc was found in 74% of
cases, adductor longus tendinopathy appeared in 72%, pubic bone marrow oedema appeared in
51%, fatty infiltration in bone marrow around the symphysis joint appeared in 49%, bony sclerosis
along the symphysis joint appeared in 41% and subchondral cysts or joint surface irregularities in the
symphysis joint appeared in 56% (Branci et al., 2014b). However, asymptomatic football players had
similar findings, and groin pain in football players was only associated with central disc protrusion
and severe grades of pubic bone marrow oedema. Furthermore, when comparing football players to
non-football players, positive MRI findings were significantly more frequent in football players
compared to non-players, irrespective of symptoms among the footballers. MRI findings may
therefore only be associated with football play itself rather than groin pain in general (Branci et al.,

2014b).
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A considerably larger prospective study including 382 athletes (14% footballers) with longstanding
groin pain (median: 36 weeks) revealed a slightly different picture (Falvey et al., 2015). Pubic bone
marrow oedema was found in 68% of cases, abnormal pubic aponeurosis was found in 53%,
abnormal adductor imaging findings were found in 38% and abnormal hip imaging was found in 45%.
Multiple findings were seen in 64% of cases (Falvey et al., 2015). Unfortunately, the results from
these two studies highlights the different diagnostic terminology used in groin injury research. The
confusing terminology results in difficulties with interpretation of the results. The two studies agree
that multiple MRI changes are commonly seen in athletes with groin pain, but there are distinct
differences in the proportion of positive findings, such as adductor longus injuries 72% (Branci et al.,
2014b) vs. 38% (Falvey et al., 2015). There may be several reasons for this difference, including
somewhat different populations, injury severity, MRI protocols and understandings of anatomy.
These results how that we cannot rely on MRI findings alone to determine which structure is causing
groin pain. An editorial from Weir et al. (2017) also underlines the need for combining anatomical,
histological, clinical and radiological findings to improve our understanding of the underlying

pathology for groin pain in athletes.

Inguinal-related groin pain

Inguinal-related groin pain is not well understood. There have been several attempts to describe its
underlying pathology. A bulging of the posterior wall, bulging causing entrapment neuropathy,
tendinopathy of the inguinal ligament, a tear in the external oblique aponeurosis and a tear in the
conjoint tendon have all been proposed (Sheen et al., 2014). MRI imaging does not usually
demonstrate any oedema or structural disruption in athletes with groin pain deriving from the
inguinal region (Robinson et al., 2004). Asymmetry in the abdominal wall muscles is also not
discriminatory, as atrophy can have several causes and is often asymptomatic (Robinson et al., 2004).
However, several surgical techniques have been used to manage inguinal-related groin pain. Surgery
often involves strengthening the abdominal wall using a mesh (Paajanen et al., 2015) or
strengthening the transversalis fascia in combination with partial removal of the genitofemoral nerve
(Muschaweck & Berger, 2010a, 2010b). Return to play rates are very high; however, as pointed out in
a systematic review on groin pain management in athletes, an inverse correlation was seen between
study quality and treatment success (Serner et al., 2015b). Thus, the pathology underlying inguinal-

related groin pain remains unclear.

Hip-related groin pain
Hip-related groin pain is one of the three subheadings in the Doha agreement (Weir et al., 2015a). In
recent years, the number of athletes being treated with arthroscopic surgery for femoroacetabular

impingement (FAI) has risen sharply in many countries (Colvin et al., 2012; Griffin et al., 2016b). As a
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result, the Warwick Agreement on FAI syndrome was developed to build a consensus on FAI
diagnosis and management (Griffin et al., 2016a). FAlI syndrome was defined as a triad of symptomes,
clinical signs and image findings and represents symptomatic premature contact between the
proximal femur and the acetabulum (Griffin et al., 2016a). Radiological findings of cam or pincer
morphology on plain radiographs or MRIs are typical (Griffin et al., 2016a). Cam morphology refers to
a flattening or convexity at the femoral head neck junction, whereas pincer morphology refers to a
focal or global over-coverage of the femoral head by the acetabulum (Ganz et al., 2003). Often, FAI
syndrome leads to damage within the joint, including the acetabular labrum and articular cartilage
(Ganz et al., 2003). Athletes with long-standing groin pain have been reported to have a high
prevalence of the bony hip morphology associated with FAI syndrome (Holmich et al., 2014b; Weir et
al., 2011). However, in several more recently studies, a high prevalence of bony hip morphology has
been found in asymptomatic football players (Agricola et al., 2014; Mosler et al., 2016b; Tak et al.,
2015). Thus, the relationship between bony hip morphology and groin pain in footballers remains

unclear.

This overview demonstrates that which structure(s) actually cause groin pain among footballers is
poorly understood. As already pointed out in the Doha agreement, differing terminology makes it
hard to compare and summarise results. In addition, asymptomatic players showing positive findings
may be one reason why imaging studies report multiple positive finding in players with groin pain.
The lack of understanding of which structure cause groin pain may explain the sparse evidence for

the treatment of groin pain and limits our ability to prevent these injuries.

Sequence of prevention

In order to successfully prevent groin injuries among football players, knowledge about why and how
injuries occur is needed. Different models have been proposed to guide prevention research, the
most fundamental of which is the four-step ‘sequence of prevention’ of sports injuries (figure 3) (van
Mechelen et al., 1992). In the first step, the magnitude of the problem must be identified and
described in terms of rate and severity of injuries. In the second step, risk factors and injury
mechanisms that play a part in the occurrence of groin injuries must be identified. The third step is to
develop and implement an injury prevention strategy based on the risk factors and injury
mechanisms identified in step two. Finally, the effect of the measures must be evaluated by
repeating step one (van Mechelen et al., 1992), preferably in the form of a randomised trial. In the
following sections, this thesis synthesises and reviews the literature on the epidemiology and risk
factors of groin injuries in football players. Subsequently, studies on groin injury prevention are

identified and exercise selection, training effects and compliance are assessed.
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Determine Determine
extent of aetiology &
injury problem mechanisms

Assess Introducing
effectiveness prevention
of strategy strategy

Figure 3 The sequence of prevention of sports injuries (adopted from van Mechelen et al. (1992)).

Groin injury epidemiology in football players

In 2015, Walden et al. published a systematic review on the epidemiology of groin injury in senior
football players and compared injury occurrence between the sexes (Waldén et al., 2015). A total of
34 studies met the study criteria and were included. In April 2018, an updated literature search was
performed. Studies were identified using the following search terms in the PubMed database:
(football OR soccer) AND (groin inj* OR groin pain). Studies were included if they met the following
criteria: (1) prospective design, (2) study period of at least one full season, (3) senior level and (4) full-
text available in English. The following studies were excluded: (1) studies using the same
cohort/study population, (2) studies with no available abstract, (3) studies in other football codes, (4)
studies reporting only sub-types of groin injuries (e.g. only acute, overuse or adductor injuries), (5)
studies on multiple sports where football-specific injury data could not be extracted and (6) studies

on international tournaments or national teams.

A total of 253 studies were identified in the literature search. Of these, 207 were discarded after
reviewing their titles and abstracts. The remaining 46 articles were assessed in detail, and 32 met the
inclusion and exclusion criteria. The characteristics of the included studies are shown in tables 1

(males) and 2 (females).
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Table 2 Groin injury frequency and rate of groin injury (injuries per 1000 h exposure) in female’s club football. The study marked in italic is published after the Walden et al. (2015) review.

Study v:_d_m.w”_o: Country Playing level  Seasons Team seasons Players %_M_:e__m“u: 03__-.__ MMW_ ries Rate of groin injury (95% Cl)
Engstrom et al. 1991 Sweden land Il 1 2 41 Time-loss 5(6) N/A
Ostenberg & Roos 2000 Sweden ItoV 1 8 123 Time-loss 5(8) N/A
Séderman et al. 2001 Sweden Iland Il 1 13 146 Time-loss 4 (5)2 N/A
Faude et al. 2005 Germany | 1 12 165 Time-loss 13 (5) N/A
Jacobsen & Tegner 2006 Sweden 1] 1 9 159 Time-loss 11 (5) 0.5(0.3t00.8)
Jacobsen & Tegner 2007 Sweden | 1 12 269 Time-loss 17 (7) 0.3(0.2t00.5)
Tegnander et al. 2008 Norway | 1 10 181 Time-loss 17 (9) N/A
Hagglund et al. 2009 Sweden | 1 12 228 Time-loss 34 (11) N/A
Gaulrapp et al. 2010 Germany | 1 12 254 Time-loss 4(2) N/A
Nilstad et al. 2014 Norway | 1 12 173 Time-loss 14 (8) N/A
Larruskain et al 2018 Spain ] 5 5 35 Time-loss 26 (16) 1.0(0.7to 1.5)

a Lower limb injuries only. Cl — confidence interval. N/A — data were not available.
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Male football

Of the studies identified in the literature, 23 reported groin injury data from senior elite male
players. As shown in table 1, groin injuries account for 8% to 20% of all time-loss injuries in male
football (Arnason et al., 2004; Bjgrneboe et al., 2014; Ekstrand & Gillquist, 1983; Ekstrand & Hilding,
1999; Engebretsen et al., 2010; Engstrom et al., 1990; Gouttebarge et al., 2016; Hawkins & Fuller,
1999; Hawkins et al., 2001; Haxhiu et al., 2015; Hagglund et al., 2006, 2007, 2009a; Holmich et al.,
2014a; Larruskain et al., 2018; Mosler et al., 2018a; Noya Salces et al., 2014a; Noya Salces et al.,
2014b; Shalaj et al., 2016; Sousa et al., 2013; van Beijsterveldt et al., 2015; Waldén et al., 2005;
Werner et al., 2018). Only nine studies reported groin injury incidence, which varied between 0.4 and
1.6 per 1000 h of exposure (Ekstrand & Hilding, 1999; Engebretsen et al., 2010; Hagglund et al., 2006;
Hélmich et al., 2014a; Larruskain et al., 2018; Mosler et al., 2018a; Noya Salces et al., 2014a; Noya
Salces et al., 2014b; Werner et al., 2018). In the aforementioned systematic review, the authors
reported aggregated analyses of groin injury incidence including previously unpublished data, which
ranged from 0.2 to 2.1 groin injuries per 1000 h of exposure (Waldén et al., 2015). Finally, the match
incidence rate ranged from 1.8 to 6.1 per 1000 h of exposure and was considerably greater than
training incidence, which ranged from 0.3 to 1.3 (Engebretsen et al., 2010; Hagglund et al., 2006;
Mosler et al., 2018a; Noya Salces et al., 2014a; Noya Salces et al., 2014b; Werner et al., 2018).

Few studies have reported specific diagnoses or clinical entities. One, categorizing injuries according
to the Doha agreement, registered injuries among elite European clubs over a 15-season period
(Werner et al., 2018). Adductor-related groin injuries accounted for almost two-thirds of all groin
injuries, followed by iliopsoas-related injuries (Werner et al., 2018). Similar results have been
reported in elite Qatari players. Most commonly, players were diagnosed with adductor-related groin
pain (68%), followed by iliopsoas-related groin pain and pubic-related groin pain (Mosler et al.,
2018a). Finally, at the Danish sub-elite level, adductor-related groin pain was considered the most

frequent diagnosis, accounting for over half of reported groin injuries (H6Imich et al., 2014a).

Of the studies identified, eight categorised the injuries as acute or overuse (Arnason et al., 2004;
Bjgrneboe et al., 2014; Engebretsen et al., 2010; Engstrom et al., 1990; Hagglund et al., 20093;
Holmich et al., 2014a; Mosler et al., 2018a; Werner et al., 2018). The findings are consistent with 60%
to 73% of the injuries categorised as overuse injuries irrespective of level of play (Bjgrneboe et al.,
2014; Engebretsen et al., 2010; Engstrom et al., 1990; Holmich et al., 2014a; Mosler et al., 2018a).
However, the study among elite European players showed a somewhat lower proportion, with 51%
classified as overuse injuries (Werner et al., 2018). In contrast, two studies have shown that acute
injuries were more common, with only 21% and 31% of the injuries categorised as overuse injuries

respectively (Arnason et al., 2004; Hagglund et al., 2009a).

11



Background

Female football

Female players are considered to be at lower risk for groin injuries than males are; however, the
reasons for these differences are unclear (Schache et al., 2017). Fewer studies have reported groin
injury data in female footballers, and the majority are from the elite level. Only two studies used the
comparable cohorts of males and females (Hagglund et al., 2009a; Larruskain et al., 2018). The
results show that female players had lower injury rates compared to male players (Hagglund et al.,
2009a; Larruskain et al., 2018). When including all studies reporting injury frequency in females, the
proportion of groin injuries varied from 2% to 16% of all time-loss injuries (Engstrom et al., 1991;
Faude et al., 2005; Gaulrapp et al., 2010; Hagglund et al., 2009a; Jacobson & Tegner, 2006, 2007;
Larruskain et al., 2018; Nilstad et al., 2014; Séderman et al., 2001; Tegnander et al., 2008; Ostenberg
& Roos, 2000). Aggregated analyses from the aforementioned review describing the epidemiology of
groin injury in senior football support this finding, identifying a more than two-fold higher rate in
male footballers compared to female footballers (0.83 per 1000 h of exposure vs 0.35 per 1000 h of
exposure, rate ratio: 2.4, 95% Cl 2.0 to 2.9) (Waldén et al., 2015). However, a recently published
study on 35 players over five seasons showed an incidence of 1.0 per 1000 h of exposure, indicating
that injury rates may be higher than previously reported (Larruskain et al., 2018). Thus, in project 1,
we wanted to compare the prevalence of groin problems among female players to male players at

different competition levels.

Groin injuries - more than missing training or matches

As shown in tables 1 and 2, one study defined injury according to a combination of medical attention
and time loss (HOImich et al., 2014a). All other studies defined injuries according to various time-loss
definitions; an injured player had to miss at least one upcoming training session or match, the next
training session or match, miss the next day, miss the next 2 days or they did not specify their time
loss definition (Arnason et al., 2004; Bjgrneboe et al., 2014; Ekstrand & Gillquist, 1983; Ekstrand &
Hilding, 1999; Engebretsen et al., 2010; Engstrom et al., 1990; Engstrom et al., 1991; Faude et al.,
2005; Gaulrapp et al., 2010; Gouttebarge et al., 2016; Hawkins & Fuller, 1999; Hawkins et al., 2001;
Haxhiu et al., 2015; Hagglund et al., 2006, 2007, 2009a; Jacobson & Tegner, 2006, 2007; Larruskain et
al., 2018; Mosler et al., 2018a; Nilstad et al., 2014; Noya Salces et al., 2014a; Noya Salces et al.,
2014b; Shalaj et al., 2016; Sousa et al., 2013; Séderman et al., 2001; Tegnander et al., 2008; van
Beijsterveldt et al., 2015; Waldén et al., 2005; Werner et al., 2018; Ostenberg & Roos, 2000).

However, a time-loss injury definition may be inappropriate for studying injuries with a large
proportions of overuse injuries (Bahr, 2009). It is known that many players continue to participate
with associated impairments or reduced performance, despite having groin-related complaints

(Thorborg et al., 2014; Thorborg et al., 2015; Waldén et al., 2015). In a retrospective study on male
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football players, almost 50% reported groin pain during the previous season (Thorborg et al., 2015).
The data reported from injury surveillance studies may therefore only represent the ‘tip of the
iceberg’, and the correct magnitude of groin injuries in football is still uncertain. To address this, the
Oslo Sports Trauma Research Center (OSTRC) has developed a new method to improve the recording
of sports injuries using an ‘all physical complaints’ approach in order to capture all cases leading to
pain, decreased participation or decreased performance, not only those resulting in time loss
(Clarsen et al., 2013). In project 1, we wanted to apply this method to assess the prevalence of groin

problems in Norwegian footballers.

Risk factors for groin injury in football

An important step in van Mechelen et al.’s (1992) four-step sequence of injury prevention research is
to establish the cause of the injury. This includes obtaining information on why a particular athlete
may be at risk and how injuries happen. According to the risk factor model from Meeuwisse (1994),
certain factors may influence the risk of sustaining an injury or predispose a player to injury. Risk
factors for sports-related injuries are often categorised as intrinsic or extrinsic and modifiable or non-
modifiable. The expanded version of the conceptual model (figure 4) illustrates the multifactorial
nature of sports injuries, emphasising the relationship between intrinsic and extrinsic factors to the

mechanisms of injury (Bahr & Krosshaug, 2005).

Risk factors for injury Mechanism of injury
(distant from outcome] | (proximal to outcome)

Internal risk factors:

* Age (maturation, aging) ~__

#{Ser Wl

Predisposed

athlete »

« Body composition (e.g. body —

weight, fat mass, BMD,
anthropometry)
« Health (e.g. history of previous
injury, joint instability)
o Physical fitness (e.g. muscle Exposure to external risk factors: Inciting event:
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i
intercondylar notch width) : tecti i t |
. :;‘?neclxvedequ-pmen (e.g. helmet, Player orerent
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competitiveness, mofivation, and ice conditions, floor and turf
perception of risk] type, maintenance) Detailed biomecha

Figure 4 A comprehensive injury causation model based on Meeuwisse et al. (1994) and modified by Bahr and Krosshaug
(2005). Reproduced with permission.

However, the models were made with acute injuries in mind, as the inciting event represents a single
point in time. In contrast, overuse injuries are thought to be caused not by a single event but rather
by a cumulative process over time. This is of particular interest in the case of groin injuries, as we

know that the majority are overuse related (Bjgrneboe et al., 2014; Engebretsen et al., 2010;
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Engstrom et al., 1990; HoImich et al., 2014a; Mosler et al., 2018a; Werner et al., 2018). Different
models have been proposed to better describe the complex and multifactorial nature of sports
injuries. Meeuwisse et al. (2007) suggested a modification to the model in the form of a dynamic,
recursive injury model, acknowledging that previous linear models do not account for the dynamic

and non-linear nature of injury risk.

In an attempt to describe the relationship of training workload to injury, Windt and Gabbett (2017)
introduced ‘the workload-injury aetiology model’, which suggests that injuries will occur during
training or competition workloads when players are exposed to external risk factors and potential
inciting events. Bittencourt et al. (2016) have proposed an even more complex system (figure 5). This
approach suggest to identify ‘risk profiles’ associated with injuries rather than individual risk factors
alone. In this model, risk factors and potential interactions result in a ‘web of determinants’. In each
sporting context, one may use the model to determine patterns of relationships (interactions)
between factors (regularities), what certain interactions produce (emerging patterns) as well as the
regularities that may lead to injury (risk profile) (Bittencourt et al., 2016). Notably, multiple risk
profiles may exist for the same outcome (i.e. injury) since individual risk factors within the web of

determinants may have varying effects depending on other factors.

Emerging Pattern
(Injury or Adaptation)

1111

Regularities
(Risk or Protective Profile)

doo| aAIsINoay
doo| aAIsINoay

Web of Determinants

Figure 5 Complex model for sports injury. Factors associated with injuries form a web of determinants, and certain
associations between these factors are regularities that contribute to an emerging pattern/outcome (in this case, injury).
Figure from Bittencourt et al. (2016) with permission

In the following section, risk factors related to groin injuries in football are summarised. However,
until now, studies have measured potential risk factors at a given point in time and have followed the
players until injury, normally for one season. The effects of workloads and the complexity caused by

changes in risk factors over time may therefore be missing from the picture.
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Two recent systematic reviews have examined the potential risk factors for groin/hip injuries in field-
based sports (Ryan et al., 2014) and among athletes in general (Whittaker et al., 2015). The most
recent by Whittaker et al. (2015) updates a previous systematic review examining the risk factors for
groin strain in sport (Maffey & Emery, 2007). A total of 30 unique studies are included in the two
reviews, including the following sports: football (12 studies) (Arnason et al., 2004; Eirale et al., 2014;
Ekstrand et al., 2011; Engebretsen et al., 2010; Hagglund et al., 2006, 2009a, 2013; Holmich et al.,
2010; Ibrahim et al., 2007; Le Gall et al., 2007; Steffen et al., 2008a; Witvrouw et al., 2003), Australian
rules football (6) (Chalmers et al., 2013; Cowan et al., 2004; Crow et al., 2010; Gabbe et al., 2010;
Orchard et al., 1998; Verrall et al., 2007), ice hockey (4) (Emery & Meeuwisse, 2001; Schick &
Meeuwisse, 2003; Tyler et al., 2002; Tyler et al., 2001), multiple sports (4) (Jansen et al., 2010;
Malliaras et al., 2009; Morrissey et al., 2012; Paajanen et al., 2011), swimming (1) (Grote et al., 2004),
Gaelic football (1) (Nevin & Delahunt, 2014), rugby (1) (O'Connor, 2004) and cricket (1) (Orchard et
al., 2010). An updated search identified only one study examining risk factors for groin injury in
football players (Mosler et al., 2018b) published after the systematic reviews. In the following
paragraphs, the risk factors for groin injury among football players, using data from 13 studies, are

described.

Non-modifiable risk factors

Previous injury

Previous groin injury is the most consistently reported risk factor for groin injury in football (Arnason
et al., 2004; Engebretsen et al., 2010; Hagglund et al., 2006, 2013; HoImich et al., 2010; Mosler et al.,
2018b; Steffen et al., 2008a). The suggested mechanisms underlying this risk factor are inadequate
rehabilitation following initial injury, scar tissue formation or altered movement patterns after the
injury (Ryan et al., 2014; Whittaker et al., 2015). Therefore, preventing the first groin injury and

thorough, careful rehabilitation before returning to play are important.

Age

There is conflicting evidence in the literature regarding age as a risk factor for groin injury in football.
In one large epidemiological study of professional European football players, an increased risk of
injury was found in players aged 22 to 30 years (Ekstrand et al., 2011). In a study of Icelandic
footballers, older players (>29 years of age) reported a higher risk of groin injury (Arnason et al.,
2004). In contrast, several studies have shown that age is not a risk factor for groin injury
(Engebretsen et al., 2010; Hagglund et al., 2006, 2013; Holmich et al., 2010; Steffen et al., 2008a).
Furthermore, one study shows that early maturing youth football players are prone to muscle strains

in the groin (Le Gall et al., 2007). These players are chronologically the same age as their playing
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counterparts, but are biologically ‘older’ and therefore thought to be exposed to different intrinsic

and extrinsic risk factors than their biologically ‘younger’ counterparts are (Le Gall et al., 2007).

Sex

The increased risk of groin injury for male players has already been discussed. The reasons for these
gender differences are unclear but may include both intrinsic factors (anatomical differences or
muscle strength) and extrinsic factors (training and match load or playing intensity) (Schache et al.,

2017; Waldén et al., 2015).

Match-related risk factors

Match factors, like home/away games, match types, matches versus training and match results have
shown to influence injury rates in football (Carling et al., 2010; Ekstrand et al., 2004; Hagglund et al.,
2009b). In elite European football, it has been shown that adductor injuries are more likely to occur
when playing matches, home games and domestic cup matches (Ekstrand et al., 2011; Hagglund et
al., 2013). The reasons for these differences are unclear, but playing style or tactical approach may
affect the risk of groin injury in games. For example, higher ball possession and time in attacking
zones has been observed in home teams compared with away teams (Lago, 2009). Still, it is unclear

whether this is linked to increased playing intensity or actions such as number of sprints or passes.

Level of play

Whether level of play increases the risk of groin injury is unclear. In a Danish study, players playing at
a higher level almost tripled their risk of developing a groin injury (Hélmich et al., 2010), while in
Norway, level of play did not affect the risk of injury (Engebretsen et al., 2010). Although the
evidence is unclear, greater intensity in matches and training as well as more training hours may

contribute to an increased risk of injury (Whittaker et al., 2015).

Playing position

There is conflicting evidence in the literature regarding playing position as a risk factor for groin
injury in football. In a large prospective cohort study among elite male players in Europe, goalkeepers
had a reduced risk of sustaining a groin injury compared to outfield players (Hagglund et al., 2013).
However, studies from the Nordic countries have shown that playing position is not a risk factor

(Engebretsen et al., 2010; H6Imich et al., 2010).

Modifiable risk factors

Hip adduction strength
Although reduced hip adduction strength is considered an important modifiable risk factor for groin

injury in different team sports (Emery & Meeuwisse, 2001; Ryan et al., 2014; Whittaker et al., 2015),
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only two studies have examined it in football players (Engebretsen et al., 2010; Mosler et al., 2018b).
Engebretsen et al. (2010) examined isometric unilateral hip adduction strength using a hand-held
dynamometer and classified adductor strength as weak or normal in a clinical examination using no
equipment. Players assessed to have weak adductors in the clinical examination had a four-time
higher injury risk compared to players with normal strength (Engebretsen et al., 2010). Results from a
recently published study of elite male players also reported increased risk when examining eccentric
hip adduction strength with a hand-held dynamometer (Mosler et al., 2018b). In contrast,
Engebretsen et al. (2010) could not find adductor strength, as measured with a handheld
dynamometer, to be significantly associated with risk of injury. The proposed reason for reduced
muscle strength as a risk factor is that decreased levels of hip adductor strength may result in
decreased muscle capacity and imbalances and increased risk of muscle injury during movements
involving side-to-side cutting, striding, quick acceleration/deceleration and sudden directional

changes (Whittaker et al., 2015).

However, Mosler et al. (2018b) highlighted an important problem when measuring adductor strength
with a hand-held dynamometer. Measurement error when more than one tester performs the
measurement is greater than the mean difference in strength between the injured and non-injured
legs (Mosler et al., 2018b). Thus, Mosler et al. (2018b) conclude that the association is not strong
enough to distinguish individual football players at risk, because the difference is potentially lower
than the measurement error. Similarly, the isometric strength test, measured by several testers as in
the Norwegian study, has shown large measurement error (Engebretsen et al., 2010; Kelln et al.,
2008; Thorborg et al., 2010) and a potential systematic error when testers of different sexes and
strengths perform the measurements (Thorborg et al., 2013). Another interesting finding from Qatar
is that higher than normal eccentric hip adduction strength is associated with a greater risk of any
hip/groin injury (Mosler et al., 2018b). Combined, Mosler et al.’s findings suggest that the
mechanism of injury may be different for adductor-related groin injuries than for other categories of

hip/groin injuries.

Hip range of motion

Results are conflicting on whether hip range of motion (ROM) is a risk factor for hip/groin injury.
Both reduced hip adduction (Arnason et al., 2004) and reduced total hip ROM (internal rotation and
external rotation combined) (Ibrahim et al., 2007) have shown to increase the risk of groin injury in
football. However, in other studies performing the same measurements and other hip ROM tests,
results have shown no difference in risk of injury (Arnason et al., 2004; Engebretsen et al., 2010;
Witvrouw et al., 2003). In a recent systematic review examining hip ROM as a risk factor for athletes,

total hip ROM was the factor most consistently related to groin pain (Tak et al., 2017). However, the
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authors concluded that screening for hip ROM is unlikely to identify an athlete at risk of developing
groin pain because of the small ROM differences found between injured and non-injured players as
well as poor ROM measurement properties (Tak et al., 2017). Furthermore, recent investigations

have found strong evidence that ROM is not a risk factor for groin injury (Mosler et al., 2018b).

Based on the current literature, reduced hip adduction strength may be considered the most
important modifiable risk factor for groin injury, although there is some uncertainty in the
measurement methods. Previous groin injury is the most consistently reported non-modifiable risk
factor. Thus, preventive measures should be introduced early in youth football, aiming to prevent the
first injury. Furthermore, strengthening the hip adductors should be specifically targeted through

preventive training.

Muscle and tendon response to strength training

In the following section, responses to strength training are discussed, mainly concentrating on

muscle and tendon effects.

Muscle-tendon unit hypertrophy

The characteristic increase in muscle size following strength training is extensively reported in the
literature; increases in cross-sectional muscle area and volume are about 5% to 15% with 8 to 14
weeks training (Aagaard et al., 2001; Blazevich et al., 2007; Erskine et al., 2010; Narici et al., 1989;
Wilkinson et al., 2006). Hence, muscle hypertrophy results primarily from a training-induced increase
in muscle fibre’s cross-sectional area. Commonly, hypertrophy occurs faster in type Il fibres than type

| (Aagaard et al., 2001; Andersen & Aagaard, 2000; Wilkinson et al., 2006).

An increased cross-sectional muscle area requires an expansion of the intramuscular collagen
network. In coordination with muscle hypertrophy, strength training stimulates skeletal muscle
collagen synthesis, and training-induced muscle hypertrophy is accompanied by a proportional

increase in intramuscular connective tissue (Holm et al., 2010; Moore et al., 2005).

In addition to the increase in cross-sectional muscle fibre area, it has been shown that strength
training induces an increase in myofibrillar cross-sectional area (MacDougall et al., 1980; MacDougall
et al., 1979). Myofibrillar growth is considered to arise from the addition of contractile proteins to
the periphery of a myofibril (Morkin, 1970). The increase in myofibrillar cross-sectional area
contributes to the increase in muscle fibre area; however, the discrepancy between increases in

cross-sectional muscle fibre area and myofibrillar area indicates that additional adaptations occur.

The evidence for tendon hypertrophy in response to strength training is unclear. Hypothetically,

strength training could increase cross-sectional tendon size via increases in strength imposing
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progressively greater mechanical loads to the tendons. This could initiate signalling cascades that
stimulate cells located in the tissue to increase the production of extracellular matrix, ultimately
leading to tendon hypertrophy (Svensson et al., 2016). Several studies have documented a modest
increase in the cross-sectional area of either the Achilles or patellar tendon (Arampatzis et al., 2007;
Bohm et al., 2014; Farup et al., 2014; Kongsgaard et al., 2007; Seynnes et al., 2009). Conversely, there
are other studies showing no changes in either the Achilles or patellar tendon’s cross-sectional area
after periods of strength training (Arampatzis et al., 2010; Bloomquist et al., 2013; Kubo et al., 2012;
Kubo et al., 2007; Kubo et al., 2006).

Tendon stiffness

Strength training has been demonstrated to increase tendon stiffness, and it seems that maximizing
tendon strain may be necessary to optimize the adaptive response (Arampatzis et al., 2007; Malliaras
et al.,, 2013). Tendon stiffness affects the time required to stretch the series elastic component and
therefore affects both the electromechanical delay and the rate of force development, thus

enhancing the rapid application of force (Folland & Williams, 2007).

Muscle architecture

Several studies have found a relationship between different muscle size indices and the angle of fibre
pennation (Abe et al., 1998; Ichinose et al., 1998; Kawakami et al., 1993). This indicates that
hypertrophy involves an increase in the angle of fibre pennation, which might reduce muscle
contraction velocity (Folland & Williams, 2007). As the angle of fibre pennation increases, there is
increased packing of muscle fibres within the same cross-sectional area, but less force from each
fibre is transferred to the tendon due to their increasingly oblique angles of pull. Therefore, the
effect of the fibres’ pennation angles on strength may be a trade-off between these two factors

(Folland & Williams, 2007).

Repeated eccentric contractions lead to exercise-induced muscle damage, which activates the repair
process that leads to the addition of sarcomeres aligned in series, leading to increased fascicle length
(Proske & Morgan, 2001). It has been proposed that this increase in serial sarcomeres accounts for a
right shift in a muscle’s force-length relationship curve (Bourne et al., 2017; Brockett et al., 2001).
The shift in the force-length relationship curve indicates increased strength towards full stretch of

the muscle, consequently reducing susceptibility to injury (Bourne et al., 2017; Brockett et al., 2001).

Satellite cells
Several studies have demonstrated an increase in satellite cell population after strength training
(Kadi et al., 2004; Kadi & Thornell, 2000; Roth et al., 2001), and a recent study showed an increase in

the number of satellite cells within four days of a single bout of eccentric high-load training (Crameri
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et al., 2004). Satellite cells have the potential to provide additional myonuclei to their parent muscle
fibres (Kadi et al., 2004). Upon activation, the cells can re-enter the cell cycle to proliferate and

differentiate into myoblasts (Siegel et al., 2011).

Neural adaptation

The disproportionate increase in muscle strength rather than size, particularly in the early stages,
indicates that initial adaptations to strength training may be neural in nature (Douglas et al., 2016).
Previous studies have demonstrated significant changes in motor unit discharge rates (Patten et al.,
2001), muscle fibre conduction velocity (Vila-Cha et al., 2012) and the rate of force development
after strength training (Cadore et al., 2014; Patten et al., 2001). Collectively, these studies show that
increased strength following strength training can be attributed to both supraspinal and spinal
adaptations (Aagaard et al., 2002b). However, much of the evidence on neurological adaptation
comes from indirect evidence that could be questioned both methodologically and

neurophysiologically (Folland & Williams, 2007).

Prevention of groin injuries in football

In the third step of the injury prevention cycle, van Mechelen et al. (1992) suggest introducing
measures to reduce the future risk of injury based on the risk factors and injury mechanisms
identified in step two. In the following chapter, previous interventions aiming to reduce groin injuries
are discussed. Of particular interest are the exercise selection and its relation to the important

modifiable risk factor reduced hip adduction strength.

To identify studies examining the effect of groin injury prevention exercises in football, a systematic
literature search was performed in April 2018. Studies were identified using the following search
terms in the PubMed database: (football OR soccer) AND (prevent* OR train*) AND (groin OR injur*).
Studies were included if they met the following criteria: (1) randomised or cluster-randomised
controlled trial and (2) full text available in English. The following studies were excluded: (1) studies
not reporting groin data, (2) studies not examining the effects of exercise or exercise programmes

and (3) studies in other football codes.

A total of 156 studies were identified, of which 134 were discarded after reviewing the titles and
abstracts. The remaining 22 articles were assessed in detail, and six met the inclusion and exclusion

criteria. The characteristics of the included studies are shown in table 3.
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Background

Different strategies, but no clear effect on groin injury rates

As shown in table 3, different exercises to prevent groin injuries have been introduced. The identified
studies can be divided into two categories: (1) structured exercise programmes (Silvers-Granelli et al.,
2015; Soligard et al., 2008; Steffen et al., 2008b; van Beijsterveldt et al., 2012) and (2) groin-specific

exercise programmes (Engebretsen et al., 2008; H6Imich et al., 2010).

The most promising results have been seen in the structured exercise programmes. The two studies
examine the effect from the FIFA 11 did not show any reduction in groin injury rates (Steffen et al.,
2008b; van Beijsterveldt et al., 2012). A recent systematic review and meta-analysis indicates that
the revised version of the FIFA 11, FIFA 11+, may have a preventive effect on hip and groin injuries
(Thorborg et al., 2017). However, this analysis was based on only two studies. A significant reduction
in groin injury rates was observed in male collegiate players (Silvers-Granelli et al., 2015), while there

was no difference in a study of young female players (Soligard et al., 2008).

Two studies have examined the effect of exercises similar to the ones used to successfully in
management of longstanding adductor-related groin pain in athletes (Holmich et al., 1999). Although
a promising 31% reduction in the risk of groin injury rate was found among male Danish amateur
players, none of the studies showed a significant effect on groin injury rates (Engebretsen et al.,

2008; Holmich et al., 2010).

Exercise selection

The FIFA 11 programme consisted of exercises focusing on core stability, balance, dynamic
stabilisation and eccentric hamstring strength. The FIFA 11+ programme (figure 6) is a revised version
of FIFA 11 and includes key exercises focused on enhancing the most important and modifiable injury
risk factors as well as additional exercises to provide variation and progression. It also includes a new
set of structured running exercises that make it better suited as a comprehensive warm-up
programme for training and matches (Soligard et al., 2008). Several studies have explored the
training effects of the programme on knee strength (Brito et al., 2010; Daneshjoo et al., 2013a;
Impellizzeri et al., 2013; Reis et al., 2013), sprinting and jumping performance (Daneshjoo et al.,
2013b; Impellizzeri et al., 2013; Kilding et al., 2008; Reis et al., 2013), lower extremity balance
(Daneshjoo et al., 2012; Steffen et al., 2013), core stability (Impellizzeri et al., 2013) and knee
proprioception (Daneshjoo et al., 2012). As mentioned above, reduced hip adduction strength has
been shown to be an important modifiable risk factor for groin injuries. However, when looking at
the exercises in the programme (figure 6), it seems that none specifically target hip adduction

strength. Thus, in Paper I, we wanted to examine the hip adduction strength effect of FIFA 11+.
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Figure 6 Overview of the different exercises included in the FIFA 11+ warm-up programme.
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The two groin-specific injury prevention programmes included a combination of adductor and

abdominal strength, jumping, coordination exercises and stretching. Exercises included in the

programmes are shown in table 4 and figure 7.

Table 4 Exercises included in the groin-specific programme from Engebretsen et al. (2008).

Warm-up

Transverse abdominal muscles

Sideways jumping

Sliding

Diagonal walking

Keeping a ball between extended legs, pushing the legs together
for 15 s while lying on the ground. Repeated 10 times.

Similar exercise. The only difference is having the knees flexed
and placing the ball between the knees.

Lie facing the ground resting on the forearms and toes in a
straight position while contracting the abdominal muscles by
‘forcing the umbilicus inwards’. Performed for 20 s and repeated
5 times.

Knee-over-toe position while jumping sideways with arms resting
on the hips.

Wearing only socks, alternately slide one leg away and towards
the other, which is bearing the weight. The exercise can be
performed both sideways and diagonally for 30-60 s before
switching legs.

One-leg exercise of flexing and extending knee and swinging the
arms (crosscountry skiing) rhythmically; 5x15 times for each leg.

Figure 7 The six exercises included in Hélmich et al.’s (2010) prevention programme. a: isometric adduction against a
football placed between the knees; b: isometric adduction against a football placed between the ankles; c: crosscountry
skiing on one leg; d: folding knife; e: adduction partner, performed by the partner to the left; f: abduction partner,
performed by the player to the left. Figure from Krommes et al. (2017) with permission.
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Suggested explanations for the lack of effect on groin injury rates are insufficient exercise intensity or
specificity. Results from studies on muscle activation patterns (Delmore et al., 2014; Krommes et al.,
2017; Serner et al., 2014) indicate sufficient activation of the adductor longus from the exercises
included in the two groin-specific programmes. However, there is no data on hip adduction strength
effects. As described, most groin injuries in football affect the adductors (H6Imich et al., 2014a;
Mosler et al., 2018a; Werner et al., 2018), specifically the adductor longus muscle or tendon insertion
into the pubic bone (Branci et al., 2014b; Branci et al., 2013; Hélmich, 2007; Holmich et al., 2014a;
Serner et al., 2018a). Thus, specific exercises, targeting the adductor longus and the important
modifiable risk factor of reduced hip adduction strength may be an alternative approach to reducing

groin injury rates.

After the two groin-specific programmes were designed, more data on hip adduction exercises have
been published. Different studies have examined adductor longus activation in different hip
adduction specific exercises. Delmore et al. (2014) found that the side-lying hip adduction exercise,
adductor squeeze (45°) and side lunges generated the highest activation levels, while standing hip
adduction on a Swiss ball, rotational squats and sumo squats ranked lower. Examining six traditional
and two new exercises, Serner et al. (2014) found that the adductor squeeze (45°), the Copenhagen
Adduction exercise (CA) and hip adduction with an elastic band generated the highest activation.
Finally, Krommes et al. (2017) examined the activation from the six exercises included in the Hélmich
prevention programme. Results showed that the adductor squeeze (45°), adduction partner exercise
and adductor squeeze (0°) had the highest activation levels. There is not much data on strength
effects from hip adduction exercises, but the Danish group have performed two trials examining the
effects from the CA (Ishgi et al., 2015) and hip adduction with an elastic band (Jensen et al., 2014).
Both exercises are, in contrast to the adductor squeezes (0° and 45°), full-range exercises. Following
intensive eight-week protocols, the CA led to a 36% increase in eccentric hip adduction strength
(Ishgi et al., 2015), while hip adduction using an elastic band led to a 30% increase in strength
(Jensen et al., 2014). Both exercises require no or minimal equipment, which make them easy to
implement during training. Thus, they seem promising for the prevention of adductor-related
injuries. In Paper Ill, we therefore wanted to examine the effect of a new Adductor Strengthening

Programme, based on the CA, on the prevalence of groin problems.

Compliance with the exercise programmes

It is well known that player compliance with injury prevention programmes represents a challenge
(Bahr et al., 2015; McCall et al., 2016; van Beijsterveldt et al., 2013). The effect of several injury
prevention programmes is well known, and poor compliance may be a gap between science and best

practice. Compliance with sport injury prevention interventions in randomised controlled trials
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(RCTs) is registered and reported using different methods (van Reijen et al., 2016). Individual
compliance registers to what degree each player follows the prescribed intervention, while team
compliance registers to what degree the team follows the prescribed intervention. Among the six
studies examining the preventive effect on groin injury rates (table 3), five reported compliance
(Engebretsen et al., 2008; Silvers-Granelli et al., 2015; Soligard et al., 2008; Steffen et al., 2008b; van
Beijsterveldt et al., 2012). However, the interpretation and comparison of the reported data is
difficult. One study reported individual compliance (Engebretsen et al., 2008), one reported team
compliance (Silvers-Granelli et al., 2015) and three reported both (Soligard et al., 2008; Steffen et al.,
2008b; van Beijsterveldt et al., 2012). Furthermore, two of the studies did not report the total
number of prescribed sessions, and the authors’ interpretation of compliance is only registered as
low, moderate or high (Engebretsen et al., 2008; Silvers-Granelli et al., 2015). In summary, the
reported compliance was insufficient in both studies examining the effect of groin-specific exercise
programmes; while three (Soligard et al., 2008; Steffen et al., 2008b; van Beijsterveldt et al., 2012) of
the four (Silvers-Granelli et al., 2015; Soligard et al., 2008; Steffen et al., 2008b; van Beijsterveldt et
al., 2012) studies examining the effect of FIFA 11/11+ provided sufficient data. An overview of the

reported compliance in the different trials can be found in table 3.

The RE-AIM framework has been developed to describe five key components of successful
implementation: Reach, Efficacy, Adoption, Implementation and Maintenance (Glasgow et al., 1999).
The framework is a useful tool that allows decision-makers to assess how interventions are
implemented in practice and their impact at the individual and organisational levels. Furthermore, it
can help determine which interventions are feasible in real-world settings (Glasgow et al., 1999;
O'Brien & Finch, 2014a, 2014b). A systematic review concludes that information on the RE-AIM
components in published trials on injury prevention exercise programmes is insufficient, especially
regarding adoption and maintenance (O'Brien & Finch, 2014b). At the elite European level, it has
been shown that players’ compliance with prevention programmes is low, despite coaches being
positive (McCall et al., 2016). By using the RE-AIM framework to evaluate the players’ experiences
with the implementation of the Adductor Strengthening Programme, we may reveal factors that are
important for successful dissemination. Thus, in Paper IV, we wanted to examine the players’

experiences with the implementation of the Adductor Strengthening Programme used in Paper IIl.
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Aims of the thesis

Aims of the thesis

1. Apply the OSTRC Overuse Injury Questionnaire to assess the prevalence of groin problems in

Norwegian footballers of both sexes and across different levels of play (Paper I).

2. Investigate the effect on eccentric hip adduction strength of the FIFA 11+ warm-up program

with or without the Copenhagen Adduction exercise (Paper Il).

3. Test the effect of a single-exercise approach, based on the Copenhagen Adduction exercise,

on the prevalence of groin problems in male football players (Paper Ill).
4. Use the RE-AIM framework to examine the players’ experiences with the implementation of

the Adductor Strengthening Programme among male sub-elite football players. Furthermore,

we investigated player attitudes towards groin injury prevention (Paper IV).
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Methods

The four papers included in this dissertation result from four separate research projects. In all
projects, players were identified as potential participants based on their membership to a team.
There were no exclusion criteria except for players in Paper Ill who were injured or ill and did not

expect to return to normal training within six to eight weeks from the time of inclusion.
Design, participants and interventions

Groin problems among Norwegian football players (Paper I)
The first paper was the result of a six-week prospective cohort study among players from both sexes
and different levels of Norwegian football. We used the OSTRC Overuse Injury Questionnaire (OSTRC-

0) to examine the extent of groin problems.

A total 240 players from 15 teams at four different levels of play were recruited in order to examine
the prevalence of groin problems across three elite female teams (45 players), three elite male teams
(49 players), three sub-elite male teams (57 players), three amateur male teams (45 players) and
three U19 elite male teams (44 players). This was a convenience sample with teams recruited

through our personal network.

Strength and sprint effects of the FIFA 11+ (Paper Il)
In Paper Il, we examined the effect of the FIFA 11+ warm-up programme on strength and sprint time

among 45 players from two U19 elite male football teams in an eight-week RCT.

Intervention procedure

Players were individually randomised into two groups; one group carried out the standard FIFA 11+
programme (NH group), while the other carried out the FIFA 11+ but replaced the Nordic Hamstring
exercise (NH) with the CA (CA group). The exercise prescription for the CA was the same as that for

the NH in the FIFA 11+ programme, but performed separately on each side (table 5) (Soligard et al.,

2008). Both groups performed the intervention three times weekly for eight weeks.

Table 5 Exercise prescription for the Nordic hamstring and Copenhagen Adduction exercises.

Level Weekly sessions  Number of sets  Number of repetitions
Beginner 3-5
Intermediate 3 1 7-10
Advanced 12-15
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Prevention of groin problems among male football players (Paper Ill)

In Paper Ill, we invited male teams playing on the second and third levels of Norwegian football to
participate in a 28-week cluster RCT. Of the 47 teams invited, 35 agreed to participate, comprising
652 players. Teams were cluster-randomised into an intervention group performing the Adductor
Strengthening Programme (18 teams, 339 players) and a control group continuing normal training

(17 teams, 313 players).

Intervention procedure

The Adductor Strengthening Programme consisted of a single exercise with multiple levels of
difficulty. The programme was based on the CA. As the exercise might be painful or difficult for
symptomatic players, we created two easier levels that players could choose from—Level 1 (easiest):
side-lying hip adduction, Level 2 (moderate): the CA as previously described (Serner et al., 2014) but
with a shorter lever arm and Level 3 (hardest): the CA as previously described (Serner et al., 2014)

(Figure 8).

Exercise prescription

Players were asked to start at Level 3. However, if they experienced groin pain during the exercise
greater than 3 on an 11-point numeric rating scale (NRS) (0-10, where 0 = no pain and 10 = maximal
pain) (Hawker et al., 2011), they were instructed to perform at Level 2. Similarly, if Level 2 provoked

pain > 3, the player was instructed to perform at Level 1. The exercise was performed on both sides.

Table 6 Training protocol for the Adductor Strengthening Programme.

Week Weekly sessions  Sets per side  Repetitions per side
Pre-season

- Week 1 2 1 3-5

- Week 2 3 1 3-5

- Week 3-4 3 1 7-10

- Week 5-6 3 1 12-15

- Week 7-8 2 1 12-15
In season 1 1 12-15
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Figure 8 A) Starting/ending positions and B) mid positions for the different levels of the Adductor Strengthening Programme.
Teams in the intervention group were asked to perform the programme as a part of their regular

warm-up two to three times a week during a six to eight week period of the pre-season and maintain

the programme once per week throughout the regular season (table 6).

Attitudes and beliefs about groin injuries (Paper V)
Paper IV was the result of an observational study examining the implementation of the Adductor
Strengthening Programme and investigated players’ attitudes towards groin injury prevention. A

total of 501 of the 652 players who enrolled in Paper Ill agreed to participate.
Data collection methods

OSTRC-O (Papers | and III)

In Papers | and I, we used the OSTRC-O to register groin symptoms. In the first paper, we modified
the original questionnaire from Clarsen et al. (Clarsen et al., 2013) and asked four questions
regarding the consequences of groin problems on football participation, training volume,

performance and pain. We also included a question about the onset of the reported groin problem
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(acute or gradual) and asked which leg was affected. Finally, we asked three questions about football
training and match exposure. The complete questionnaire is available in Appendix IX. We used the

same modified version of the questionnaire in Paper lll.

Questionnaire administration

The questionnaire was distributed using a smartphone application (Spartanova; Spartanova NV,
Ghent, Belgium). Each player received a notification through the smartphone application to complete
the questionnaire every Sunday evening and received an SMS notification every Monday. Non-
responders received an SMS reminder the following Thursday. As an additional strategy to increase
response rates in Paper |, we asked non-responders to complete the questionnaire on paper during a
training session in the subsequent week. In Paper llI, players who failed to respond through the
smartphone application were contacted by telephone and asked to complete the questionnaire
verbally. Furthermore, during the last four weeks of the data collection period, we visited each team
and asked players to retrospectively respond to the questionnaire for weeks with missing responses

from the start of the regular season to the beginning of September.

Categorising reported groin problems

Players were categorised as having a groin problem if they recorded any hip or groin symptoms in the
questionnaire, including ‘pain, ache, stiffness, clicking/catching or other complaints related to the
groin’, or if they reported reduced training participation, volume or performance due to groin
problems. Players were categorised as having a substantial groin problem if they reported moderate
or severe reductions in training volume or football performance or a complete inability to participate

due to groin problems.

Outcome measures

The primary outcome measure was the weekly prevalence of all groin problems registered during a
six-week period with match congestion (Paper I) and during the 28 weeks of the regular season
(Paper lll). The secondary outcome measure was the weekly prevalence of substantial groin

problems registered during the same periods.

Each week, we calculated the prevalence of all groin problems and substantial groin problems by
dividing the number of reported problems by the number of questionnaire respondents. At the end
of the registration period, the average prevalence of all problems and substantial problems was
calculated with the corresponding 95% confidence interval (Cl). Finally, we calculated the cumulative
incidence for all groin problems and substantial groin problems as the number of new cases for each

during the study period divided by the number of players included in the analysis.
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Strength and sprint testing (Paper Il)

All tests were performed four days prior to the first training session in the intervention period
(January 2016) and within the four days after completing the last training session (March 2016). The
players performed eccentric strength tests and a 20 m sprint test. All players performed a warm-up
of 15 min of light running (11 km/h) on a treadmill (PRO, Woodway, Waukesha, Wisconsin, USA).
Strength and performance tests were administered in the same order, pre- and post-intervention,
starting with the eccentric hip adduction strength test, the 20 m sprint test and finishing with the

eccentric knee flexor strength test.

A physiotherapist assigned to each team registered weekly compliance with the warm-up
programme for each player, football training and match exposure as well as weekly maximal delayed-
onset muscle soreness (DOMS) in the adductor and hamstring muscles using an 11-point NRS (0-10)

(Hawker et al., 2011).

Eccentric hip adduction strength

The test setup included a portable hand-held dynamometer (Hoggan microFET2; Hoggan Scientific,
Salt Lake City, Utah, USA) and an examination table. The dominant and non-dominant legs were
tested on all players. Eccentric hip adduction strength was measured in a break test with the player
in a side-lying position with the tested leg in a straight position, as described by Thorborg et al.
(2011a). The player was asked to complete one practice trial before performing three maximal tests,

and the best result of the three was retained.

Leg length was measured in the supine position from the most prominent point of the anterior
superior iliac spine to 5 cm proximal to the most prominent point of the medial malleolus. Leg length

was used to calculate torque and was adjusted to body mass (Nm/kg).

Eccentric knee flexor strength

Eccentric knee flexor strength was measured using a NordBord (VALD Performance; Brisbane,
Australia), as described by Opar et al. (2013a). The players were asked to perform one practice trial
before performing one set of three maximal repetitions. All force values were body-mass adjusted

(N/kg). The best of the three maximal trials was retained.

20 m sprint time

The 20 m sprint tests were performed on an indoor 8-mm Mondotrack FTS surface (Mondo,
Conshohocken, Pennsylvania, USA) using a Newtest Powertimer portable system (Ele-Products Oy,
Tyrnavd, Finland) using infrared photocells (Model 300s) mounted on the track and connected to a
computer that measured to the nearest 0.001 s. Players performed two sub-maximal 20 m sprints

before maximal sprint testing. Maximum running speed (s) was tested by sprinting 3 x 20 m with 4-6
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min of recovery between trials. Time was measured for every 5 m, and the best results (0-5 m, 0-10

m, 0-15 m and 0-20 m) were retained for analyses.

Outcome measures
The primary outcome in Paper Il was eccentric hip adduction strength (Nm/kg). Secondary outcomes

were eccentric knee flexor strength (N/kg) and 0-5 m, 0-10 m, 0-15 m and 0-20 m sprint times (s).

Questionnaire on attitudes and beliefs (Paper IV)

The survey was based on the different dimensions of the RE-AIM framework (Glasgow et al., 1999),
and was developed based on a similar survey used to examine the implementation of the OSTRC
Shoulder Injury Prevention Programme in handball players (Andersson et al., 2016). We included a
separate section with questions about the implementation of the Adductor Strengthening
Programme for players in the intervention group and questions regarding knowledge about the
programme for players in the control group. In addition, we included questions about attitudes
towards groin injuries and groin injury prevention for both groups. The complete questionnaire is

available in Appendix X.

Questionnaire administration

During the last weeks of the 2016 season, teams that agreed to participate received a personal visit,
where players were asked to complete a written version of the questionnaire. Players who did not
attend training were contacted through mail or phone and asked to complete an online version of

the questionnaire using Questback (Questback V. 9692, Questback AS, Oslo, Norway).

Baseline characteristics and demographic data (All papers)

In Papers |, Il and IlI, players completed a form with personal and demographic information at the
time of inclusion. During pre-testing in Paper Il, all players were weighed. Furthermore, players in
Paper Il registered hip and groin symptoms using the OSTRC-O (Clarsen et al., 2013) and the
Copenhagen Hip and Groin Outcome Score (HAGOS) (Thorborg et al., 2011b) at the time of inclusion.

These baseline characteristics and hip and groin symptom scores were used in Papers lll and IV.

Statistical analyses
The analyses were performed using SPSS Statistics for Windows, version 24.0 (SPSS Inc.; Chicago,
Illinois, USA) or Stata Release 14 (Stata-Corp LP; Texas, USA). In all papers, an a level of <0.05 was

considered significant.

Sample size calculations
We performed sample size calculations for the two RCTs (Papers Il and Ill). In Paper I, the sample size

calculation was based on a previous study examining the eccentric hip adduction strength effects of
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the CA (Ishgi et al., 2015). For a 10% increase in eccentric hip adductor strength, the expected
between group difference was set at 0.28 Nm/kg with a standard deviation (SD) of 0.32 Nm/kg. For a

power of 80% and a significance level (a) of 0.05, we needed 20 players in each group.

In Paper Ill, the sample size calculation was based on the average prevalence of all groin problems
reported among male Norwegian football players (29%, Paper ). Based on an ANOVA of within-
subject and within-team prevalence, an inflation factor of 1.65, a cluster size of 20 players, a power
of 80% and a 5% significance level (a), we estimated the ability to detect a 40% reduction in

prevalence with 380 players (19 teams) in each group.

Differences in prevalence measures (Papers | and Ill)

To assess differences in the prevalence of all groin problems and substantial groin problems between
the different groups over time, we performed generalized estimating equations (GEEs) using an
exchangeable covariance matrix and an a of 0.05 for all analyses. All anthropometric and
demographic variables were treated as potential effect modifiers and were included as candidate
variables in a final multivariable GEE model built using a forward selection procedure. In Paper |, we
assessed the difference between the elite male and elite female groups and between the senior male
groups. In Paper lll, we compared the intervention group performing the Adductor Strengthening
Programme with the control group continuing normal training to assess the effect of the programme.
The primary analyses were performed using an intention to treat (ITT) principle. We also performed
secondary per-protocol (PP) analyses from which we excluded players who performed less than 67%

of the programme during the pre-season or less than 50% during the regular season.

Missing data on groin problems were imputed using multivariate imputation by a chained equation
algorithm in combination with a predictive mean matching approach, which led to the pooled results
of five multiple imputed data sets (van Buuren, 2012). In order to perform imputation with sufficient
data in Paper lll, we chose to remove players with a response rate below 75% (equivalent to less than
21 weekly reports). The cut-off was based on an assessment of the distribution of total responses,

which showed a distinct cut-off at 21 reports.

Differences in strength and sprint measures (Paper Il)

All outcome variables were analysed according to the PP principle, conducted with a minimum
compliance limit set at 16 training sessions (67%). ITT analyses were not performed, since we were
interested in the potential efficacy of the exercise and, therefore, only in participants who complied
with the specific intervention as planned (Hollis & Campbell, 1999). Between-group differences in
strength and performance tests were assessed with repeated-measures analysis of covariance using

the pre-intervention test as a covariate (Vickers & Altman, 2001). Within-group differences from pre-
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to post-intervention testing were assessed with paired t-tests. We included both legs in these
analyses to obtain robust variance estimations, but incorporated player as a cluster variable in the
models. Effect sizes were calculated by use of Cohen’s d and were interpreted as either small (d =

0.2), moderate (d =0.5) or large (d = 0.8) (Cohen, 1992).

Differences in baseline characteristics (Paper Il and Ill)

In Papers Il and Ill, we assessed between-group differences in baseline characteristics and exposure
using an independent t-test, a Mann-Whitney U-test, a Fisher exact test or a Chi-square test as
appropriate. In Paper Ill, we also assessed differences in baseline characteristics between players

included in the ITT analysis and those excluded due to an insufficient response rate (<75%).

Research ethics

All projects were approved by the South-Eastern Norway Regional Committee for Research Ethics
and the Norwegian Data Inspectorate (Appendix | to V). Projects 2 and 3 were registered with the
International Standard Randomised Controlled Trial Number registry prior to the recruitment of
teams (ISRCTN13731446 and ISRCTN98514933). In all projects, all teams who agreed to participate
were visited to inform and invite players to participate. The players received verbal and written
information about the study’s purpose and procedures and provided written consent to participate

(Appendix V to VIII).
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Results

Groin problems among Norwegian football players (Paper [)

The overall response rate among the 240 participants to the six weekly questionnaires was 97% in
elite male teams, 94% in sub-elite male teams, 98% in elite female teams, 96% in amateur male
teams and 95% in U19 male teams. During of the study, 74% of the players responded to all six

questionnaires.

During the six weeks, 112 male players (59%) and 20 female players (45%) reported at least one
episode of a groin problem, while 47 male players (25%) and 4 female players (9%) reported at least
one episode of a substantial groin problem. As shown in figure 9, 34% of the groin problems among
male players and 20% among the female players led to time loss. Of the registered problems among
male players, 67% had a gradual onset. All the problems reported by female players had a gradual

onset.

OSTRC method OSTRC method
N=112 N=20
Male Female

Figure 9 Venn diagram displaying the number of groin problems identified by standard injury registration (grey circle) and
the new OSTRC method.

The average weekly prevalence of all groin problems and substantial groin problems for all male
players was 29% (range 23-32% across different levels) and 7% (range 9-11% across different levels),
respectively. Elite male players had an increased risk of experiencing groin problems (odds ratio: 3.1
95% Cl: 1.5-6.4, p=0.03) compared to elite female players. There was no difference in the risk of
experiencing groin problems between elite, sub-elite or amateur male players. For substantial
problems, there was no difference between elite male and elite female players or between any levels
of play for senior male players. Table 7 shows the average prevalence of all groin problems and of

substantial groin problems for each level and both sexes.
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The incidence rate of acute time-loss groin problems for male players was 4.0/1000 h (95% Cl: 2.6-

5.4/1000h). Female players reported no acute groin problems.

Table 7 Average weekly prevalence of all groin problems and substantial groin problems, % [95% confidence interval].

Group All groin problems (%) Substantial groin problems ? (%)
Female

Elite 14 [10-18] 4[4-4]
Male

Elite 32[27-37] 13 [12-14]

Sub-elite 31 [22-40] 7 [5-9]

Amateur 29 [22-36] 12 [10-14]

U19 Elite 23 [14-32] 7 [3-11]

a Substantial groin problems: Causing moderate or severe reduction in training volume or football performance, or
completely inability to participate in training or competition.
Strength and sprint effects of the FIFA 11+ (Paper II)

Of the 45 eligible players invited and tested at baseline, 33 players completed at least 67% of the

prescribed training protocol and were included in the PP analyses.

Primary outcome - Eccentric hip adduction strength

Eccentric hip adduction strength increased in the group performing the CA exercise and between-
group analyses revealed that there was a significant group effect (table 8). The between group effect
size calculation suggested a moderate to large (d=0.60) strength effect. Within-group analyses

showed that there was an increase in eccentric hip adduction strength in the CA group.

Secondary outcomes - Eccentric knee flexor strength and running speed
While within-group analyses showed that there was an increase in eccentric knee flexion strength in
the NH group, we did not detect any significant between-group difference (table 8). We did not

observe any within- or between-group differences in running speed (table 8).

Compliance to the exercise programme
Of the 24 training sessions planned, the average compliance was 21.5+1.9 sessions (90% of planned

sessions) in the CA group and 21.0%1.6 (88% of planned sessions) in the NH group.
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Table 8 Test results. Baseline results and change from test 1 to test 2 within the CA and NH group, as well as between-group differences in the change from test 1 to test 2. Positive values

denote increased strength and slower sprint time from test 1 to test 2 and in the CA group vs the NH group. Values are reported as the mean with SD or 95% Cl, as shown.

CA group (n=17)

NH group (n=16)

Between group difference

Test1 Test 2 Test 2-Test 1 % P Test 1 Test 2 Test 2-Test 1 % P CA-NH (95% ClI) % P
Adduction (Nm/kg) 3.25(0.62) 3.51(0.63) 0.26(0.33) 8.0% <0.001 3.24(0.50) 3.22(0.46) -0.02(0.35) -0.7%  0.69 0.29 (0.09,0.49) 8.9% 0.01
Non-dominant 3.22(0.68) 3.49(0.69) 0.28(0.26) 8.5% <0.001 3.19(0.46) 3.13(0.45) -0.06(0.36) -1.8% 0.52 0.34(0.12,0.55) 10.6% <0.001
Dominant 3.29(0.57) 3.53(0.58) 0.24(0.40) 7.4% 0.02 3.29 (0.54) 3.30(0.46) 0.00(0.34) 0.0% 0.91 0.23 (-0.01,0.48) 7.0% 0.06
Hamstrings (N/kg)  4.97 (0.75) 5.12(0.72) 0.15(0.45) 3.0% 0.07 5.07(0.70) 5.46(0.73) 0.39(0.55) 7.7% <0.001 -0.27(-0,59,0.06) -5.4%  0.11
Non-dominant 4.84 (0.75) 4.99(0.54) 0.14(0.42) 29% 0.18 4.93(0.52) 5.32(0.61) 0.39(0.48) 7.9% 0.01 -0.28 (-0.57,0.01)  -5.7% 0.06
Dominant 5.11(0.75) 5.26(0.86) 0.15(0.49) 3.0% 0.22 5.22(0.84) 5.61(0.83) 0.39(0.63) 7.5%  0.03 -0.26 (-0.67,0.16)  -5.0% 0.22
Sprint (s)*
0-5m 0.82 (0.03) 0.82(0.03) 0.00(0.02) -0.4% 0.60 0.82 (0.05) 0.83(0.02) 0.00(0.04) 0.2% 0.26 -0.02 (-0.03,0.00) -1.9% 0.06
0-10m 1.53(0.05) 1.55(0.04) 0.00(0.03) -0.1% 0.88 1.56 (0.06) 1.57(0.04) 0.01(0.04) 0.5% 0.47 -0.01 (-0.03,0.01) -0.6% 0.34
0-15m 2.21(0.06) 2.21(0.06) 0.00(0.04) -0.1% 0.81 2.21(0.07) 2.22(0.05) 0.01(0.04) 0.4% 0.48 -0.01 (-0.04,0.02)  -0.5% 0.43
0-20m 2.83(0.08) 2.83(0.08) 0.00(0.05) -0.2% 0.71 2.83(0.09) 2.83(0.08) 0.00(0.04) 0.2% 0.68 -0.01 (-0.04,0.02) -0.3% 0.58

*n=14 in NH group and n=16 in CA group. CA — Copenhagen Adduction. NH — Nordic hamstring.
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Prevention of groin problems among male football players (Paper llI)

Of the 35 teams randomised, one (20 players) withdrew directly after being randomised to the
control group. Seventy-seven percent of players included at baseline (intervention group; 247 players
and control group; 242) responded to at least 75% of the weekly questionnaires, and were included
in the ITT-analyses. Forty-nine percent (122 players) of the players in the intervention group met the

criteria to be included in the PP-analyses.

Response rate to the weekly questionnaire

A total of 13628 weekly reports were registered, of which 17% were registered retrospectively. The
average weekly response rate was 74% (range 47-93%) in the intervention group and 80% (52-96%)
in the control group. The average weekly response rate for players included in the ITT-analyses was
90% (weekly range 62-100%) in the intervention group and 90% (61-100%) in the control group.
Furthermore, 21% retrospective data is included in the ITT-analyses and 10% missing data were

imputed.

Primary outcome — all groin problems

The average weekly prevalence of all groin problems during the competitive season was 13.5% (95%
Cl1 12.3% to 14.7%) in the intervention group and 21.3% (95% Cl 20.0% to 22.6%) in the control group.
The 28 in-season prevalence measures in both groups are illustrated in figure 10. GEE analyses
revealed a 41% lower risk of reporting groin problems in the intervention group compared to the

control group (Table 9).

Secondary outcome — substantial groin problems

The average weekly prevalence of substantial groin problems during the competitive season was
5.7% (95% Cl 5.1% to 6.3%) in the intervention group and 8.0% (95% Cl 7.5% to 8.5%) in the control
group. The 28 in-season prevalence measures in both groups are illustrated in figure 10. An 18%
lower risk of reporting substantial groin problems was detected; however, this was not significant

(Table 9).
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Table 9 Generalised estimating equation (GEE) model for both intention-to-treat and per protocol analyses

Mean difference

. Odds Ratio ¢ 95% CI P value
in prevalence
All problems
Intention-to-treat 7.8% 0.59 0.40to0 0.86 0.008
Per protocol 9.6 % 0.53 0.36t0 0.78 0.001
Substantial problems
Intention-to-treat ° 23% 0.82 0.51to 1.33 0.42
Per protocol ¢ 3.4% 0.70 0.40to 1.23 0.22

a All analyses performed using intervention group as reference value. ® Age, years as senior, height and weight were
included as covariates in the GEE model. ¢ Height was included as a covariate in the GEE model.
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Figure 10 Prevalence of all groin problems (upper panel) and substantial groin problems (lower panel) in the intervention
group (open squares) and control group (filled squares) with 95% Cl, measured at baseline and 28 times during competitive
season for players included in the intention-to-treat analyses. The shaded area represents the 6 to 8 week period were the

pre-season protocol of the Adductor Strengthening Programme was performed.
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Per protocol analyses — all and substantial groin problems

When we removed the players not meeting the PP criteria (267% of the programme during the pre-
season and 250% during the competitive season), the average weekly prevalence of groin problems
in the intervention group was 11.7% (95% Cl 10.9% to 12.5%) while that of substantial groin
problems was 4.5% (95% Cl 4.1% to 5.1%). Results from GEE analysis are shown in table 9.

Characteristics of the reported groin problems

Groin problems were reported in 2458 of the 13628 questionnaire responses. The cumulative
incidence of all groin problems for players included in the ITT-analysis was 55% in the intervention
group and 67% in the control group. A substantial groin problem was reported by 28% of the players
in the intervention group, and 37% in the control group. Characteristics of the reported problems are

shown in table 10.

Table 10 Characteristics of the groin problems reported during the 28 weeks of the competitive season for players included
in the intention-to-treat analysis.

Intervention group Control group
(n=844 groin problems) (n=1321 groin problems)
Time loss (%) 41 33
Gradual onset (%) 78 79
Acute onset (%) 22 21
Dominant leg (%) 45 44
Non-dominant leg (%) 35 34
Both legs (%) 20 22

Compliance with the exercise programme

Players in the intervention group included in the ITT-analysis completed on average 73% of the
recommended pre-season protocol. During the competitive season, the Adductor Strengthening
Programme was completed on average 0.7 times per week (range 0.6-0.9), equivalent to 70% of the
recommended exercise prescription. Forty-two percent of the players had an average in-season
weekly compliance higher than our recommendations, 2 players (1%) did not complete any of the
recommended pre-season training sessions, and 7 players (3%) did not complete any of the
recommended in-season training sessions. Players included in the PP analyses completed 93% of the
recommended pre-season training sessions and on average completed the programme 0.9 times per

week (range 0.7-1.0) in-season.

Implementation of the Adductor Strengthening Programme (Paper 1V)
Three of the 34 teams in Paper Ill declined to participate. In total 501 (79%) of the players enrolled at

baseline being included, 255 from the intervention group (75%) and 246 from the control group
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(84%). Of the 501, 408 (81%) responded to the questionnaire during our team visit, while 93

responded to the online-version of the questionnaire within two weeks.

Player attitudes towards groin injuries and groin injury prevention

Of the players, 87.3% considered footballers to be exposed to groin problems to a moderate or high
extent. The players perceived low muscle strength (23.0%), reduced mobility (21.1%) and playing on
artificial turf (18.4%) as the most important causes of groin injuries. Furthermore, prevention of groin
injuries was considered at least moderately important by 95.5% of the players. However, when asked
about their squad’s attitude towards preventive measures, their impression was that only 50.1% of

the players were positive.

Player experience with the Adductor Strengthening Programme

Strengthening of the adductor muscles was considered important in reducing groin problems by
90.6% of the players in the intervention group. Of the players in the intervention group, 72.5%
reported that they spent less than five minutes to complete the programme. Two-thirds (66.7%) of
the players reported that they appreciated that the programme consisted of a single exercise and
believed motivation for doing the programme would decrease if it were more time-consuming. Only
11.4% of the players wanted additional exercises. Sixty-six percent of the players reported that the
programme was performed in connection with organized football training. The players reported that
coaches (52.0%) and players (36.8%) were responsible for initiating the Adductor Strengthening
Programme during training. Coaches (40.7%) and players (46.8%) were also responsible for the
players performing the exercises with the same quality as instructed. The exercise protocol was
conducted as recommended or more frequently than recommended by 45.9% of the players. When
players were asked whether they thought they would perform the programme the next season,
64.7% of the players confirmed this, however 33.7% reported that they would do the programme

less often.

Groin injury prevention done by players in the control group
Of the players in the control group, 30.5% reported having knowledge about the content of the
Adductor Strengthening Programme and 53.3% reported that they had performed the programme or

other exercises to prevent groin injuries during the season the study took place.
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Discussion

The overall aim of this thesis was to develop and examine the effect of an Adductor Strengthening
Programme on the prevalence of groin problems among male football players. Furthermore, we
wanted to test a new method for registering groin problems among football players of both sexes
and at different levels of play. In addition, we wanted to examine the strength and sprint effects of
the FIFA 11+ warm-up programme with and without the CA. Finally, we examined players’ attitudes
towards groin injury prevention and their experiences with the implementation of the Adductor

Strengthening Programme.

Weekly prevalence of groin problems

Papers | and Il show that the prevalence in male footballers across various levels of play was greater
than previously reported. Furthermore, Paper | shows that elite male players had 3 times higher risk
of reporting groin problems than elite female players, but level of play did not influence the risk of

reporting groin problems.

This is the first studies showing the weekly prevalence of groin problems in football players. From the
sub-elite level in Denmark, a seasonal prevalence close to 50% among male players has been
reported (Thorborg et al., 2015). Our data support this finding and suggest an even higher seasonal
prevalence with 67% of players (control group Paper lll) reporting at least one episode with groin
problems during the regular season. The data also indicate that the prevalence of groin problems
varies throughout the season. The average prevalence was 21%, while the lowest weekly prevalence
was 16% in match-week 23 and the highest was 29% in match-week 2. Results from match-week 2
correspond to the results from Paper |, where the average prevalence among male playersin a
period with match congestion was 29%. Our results support previous findings in elite Qatari players
that groin injury incidence was greatest earlier in the season (Mosler et al., 2018a), possibly due to
the increase in match workload that occurs during this phase (Blanch & Gabbett, 2016; Gabbett et
al., 2016). Fixture congestion has also been associated with increased rates of muscle injury among
male players at the elite European level (Bengtsson et al., 2013). In addition to the peak in
prevalence of groin problems in the beginning of the season and during match congestion periods, an
increase was found during the weeks prior to the summer break. These results highlight the need for
player surveillance throughout the season to detect groin problems early, using the OSTRC-O

(Clarsen et al., 2013) or by monitoring hip and groin strength (Wollin et al., 2018a; Wollin et al.,

2018b). However, further exploration of these peaks in prevalence is needed.

Most studies reporting on the onset of groin injury in football have shown that 60% to 73% of injuries

are overuse injuries (Bjgrneboe et al., 2014; Engebretsen et al., 2010; Engstrom et al., 1990; H6Imich
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et al., 2014a; Mosler et al., 2018a). However, in a recent study investigating hip and groin injury rates
over 15 consecutive seasons in elite European football, the results reveal a somewhat lower rate of
overuse injuries at 51% (Werner et al., 2018). Our results from the match-congested period are in the
upper scale of the previously reported data (Paper 1), and the full season data show an even greater
proportion, with 78% of the injuries categorised as overuse injuries (Paper Ill). The explanation for
the high proportion of overuse problems reported in our studies may be the injury registration
method, which registers the player’s own perception of groin problems with regard to participation,
training volume, performance and pain. This method could be overly sensitive, registering cases
based on minor symptoms like muscle soreness, which the players may categorise as overuse
symptoms. However, irrespective of methodological differences in injury registration, our data seem
to be consistent with previous studies showing overuse injuries as the most frequent cause of groin

problems.

What is a groin problem, and what are we preventing?

Our definition of a groin problem encompasses all physical symptoms and may have multiple causes,
such as adductor-, inguinal-, iliopsoas- and pubic-related causes and even others such as hip joint or
lower back pain. The lack of detailed diagnostic information in each case should be considered a
limitation of the injury registration method, and the effect of the Adductor Strengthening
Programme may differ between specific diagnoses. Reliable medical follow-up was not feasible given

the scale of these projects.

In previous injury surveillance studies, few report specific diagnoses or classify injuries according to
the Doha agreement on terminology and definitions. However, Mosler et al. (2018a) registered groin
injuries among elite Qatari players according to the Doha agreement, and more than two-thirds of
the problems were adductor-related. Similar results have been reported in elite European players,
where about two-thirds of injuries are registered as adductor-related (Werner et al., 2018) and about
half of the injuries in Danish sub-elite players were adductor-related (Hélmich et al., 2010).
Furthermore, among a group of athletes (60% football players) attending a clinical examination at a
multidisciplinary sports groin pain clinic in Doha, about 60% were classified having adductor-related
groin pain (Taylor et al., 2017). Even when examining acute injuries only, the same pattern exists with
two thirds of athletes (57% of the cohort were football players) having adductor-related injuries
(Serner et al., 2015a). From the studies describing specific injury characteristics of the adductors, the
results show that the adductor longus is most often affected (Hélmich, 2007; Holmich et al., 2014a;
Serner et al., 2018a). Although the method used for injury registration in Papers | and IlI differs from
these studies, it would be surprising if groin problems identified using the OSTRC-O deviate

substantially from the consistent finding that adductor-related/adductor longus injuries are the most
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common groin injuries in footballers. However, in future studies, self-reported groin problems should
be examined, classified and reported according to the Doha agreement on terminology and
definitions (Weir et al., 2015a) or specific diagnoses that are more detailed. This will increase the

understanding of what a groin problem is and what types of problems we are aiming to prevent.

Why does the Adductor Strengthening Programme reduce the risk of groin problems?
The Adductor Strengthening Programme reduced the prevalence of groin problems among male
football players; the risk of reporting groin problems during the competitive season was 41% lower in

favour of the intervention group in the ITT analysis and 47% lower in the PP analysis.

Our Adductor Strengthening Programme is the first groin-specific exercise-based programme to
demonstrate a reduction in the risk of groin injury in male footballers. The hip adductors were
specifically targeted in this programme, while previous studies have had a combined focus on the hip
adductors, flexors and abdominals (Engebretsen et al., 2008; Hélmich et al., 2010). Furthermore, the
intensive protocol implemented during the pre-season is considered vital to document an effect of
the programme prior to counting injuries during the regular season. This is in contrast to previous
studies, which implemented the prevention programme and injury registration at the same time

(Engebretsen et al., 2008; HoImich et al., 2010).

Compliance with the protocol

Another reason why we may have found an effect is that the compliance reported in the present
study was much higher (Engebretsen et al., 2008; Esteve et al., 2015; Hélmich et al., 2010). On
average, the players completed approximately 70% of the prescribed protocol during both the pre-
season and competitive season. Actually, 42% of the players included in the ITT analysis had a higher
average in-season weekly compliance than our recommendations. However, compliance was self-
reported and we do not know if they performed the exercise as often as reported. In fact, in the
survey at the end of the season, only 46% of players reported having performed the exercise
protocol as prescribed or more frequently (Paper IV). The compliance reported in other studies
examining the preventive effect of exercise programmes on groin injury rate varies. Engebretsen et
al. (2008) reported that players had a 19% compliance rate with a programme including static and
dynamic hip adduction strength and abdominal exercises, while studies examining the effect of the
FIFA 11 report between 52% and 73% compliance (Steffen et al., 2008b; van Beijsterveldt et al.,
2012). Silvers-Granelli et al. reported a mean utilization of the FIFA 11+ of 30 sessions per season,
which they interpreted as moderate (Silvers-Granelli et al., 2015). The other study of the FIFA 11+
reported 77% team compliance and 59% individual compliance (Soligard et al., 2008). Hélmich et al.

did not report any data on compliance with their programme, which included static and dynamic hip
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adduction strength, abdominal exercises and stretching (HoImich et al., 2010). Compliance is
believed to be a key factor. In two large RCTs on the FIFA 11+ programme, the risk of sustaining an
injury was lower for the high compliance group compared to players with intermediate or low
compliance (Silvers-Granelli et al., 2015; Soligard et al., 2008). This is also indicated in our analysis;

the PP analysis showed an even lower risk of groin problems than the ITT analysis.

A single-exercise approach

The single-exercise approach used in the Adductor Strengthening Programme was considered an
important facilitator. In Paper IV, only a small number of the players wanted to perform more
exercises. They also believed that a programme with several exercises, taking more time to perform,
would decrease their motivation. The in-season Adductor Strengthening Programme protocol
consisted of one weekly session, which most players reported taking less than 5 minutes to
complete. In other studies reporting on the uptake of injury prevention exercise programmes in
football, the length of the programme has been emphasised as an important barrier to

implementation (Engebretsen et al., 2008; Soligard et al., 2010).

However, the single-exercise approach may also be considered a limitation, as we only specifically
target one of four defined clinical entities for groin pain (Weir et al., 2015a). We would argue that
targeting the adductors addresses the main problem, as adductor-related groin pain accounts for
about two-thirds of all hip and groin injuries in football, as discussed above (Hélmich et al., 2014a;
Mosler et al., 2018a; Werner et al., 2018). In a recently published study on elite male Qatari players,
the authors suggest that the mechanism of injury may vary for adductor-related groin injuries in
comparison to other categories of hip/groin injuries (Mosler et al., 2016a). It is unknown which
entities the Adductor Strengthening Programme affected specifically; however, we feel we have
addressed an important modifiable risk factor for adductor-related groin injuries, reduced hip
adduction strength. In the following section, the training response and mechanism behind the

preventive effect of the programme is discussed.

Training response to the Adductor Strengthening Programme

The CA is a dynamic, high-intensity, partner exercise including a concentric and eccentric phase
(Serner et al., 2014). Based on results from previous studies and the present thesis, we know that the
exercise promotes high activation of the adductor longus (Serner et al., 2014), increases hip
adduction strength (Ishgi et al., 2015) and that the Adductor Strengthening Programme using the CA
as the main exercise reduces the risk of groin problems. However, the underlying mechanisms as to

why strength training may protect against groin injuries are currently unknown.
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Although debated, strength training may increase the cross-sectional area of the tendon (Arampatzis
et al., 2007; Bohm et al., 2014; Farup et al., 2014; Kongsgaard et al., 2007; Seynnes et al., 2009).
Heavy, slow resistance training consisting of a substantial eccentric component has been shown to
increase the cross-sectional area and density of the patellar tendon (Kongsgaard et al., 2010;
Kongsgaard et al., 2007). An increase in cross-sectional area may contribute to decreased tendon
stress. Furthermore, heavy, slow resistance training is effective in treating tendinopathy, and it
seems to have a healing effect on the tendon by adding more fibrils (Beyer et al., 2015; Kongsgaard
et al., 2009; Kongsgaard et al., 2010). It is unlikely that the exercise protocol for the Adductor
Strengthening Programme provides the same mechanical load as the protocols used in treating
Achilles and patellar tendinopathy, and we do not know if the same effect will occur in the adductor
longus tendon. However, decreased tendon stress may be beneficial, as the majority of groin injuries
in football are adductor related (Holmich et al., 2014a; Mosler et al., 2018a; Werner et al., 2018),
have a gradual onset (Bjgrneboe et al., 2014; Engebretsen et al., 2010; Engstrom et al., 1990;
Holmich et al., 2014a; Mosler et al., 2018a; Werner et al., 2018), are often longstanding and affect
the insertion of the tendon to the pubic bone (Branci et al., 2014b; Falvey et al., 2015; HoImich,
2007).

From hamstring injury research, another theory for the protective effect of strength training has
been proposed via increased muscle fascicle length in the long head of the biceps femoris. It has also
been proposed that athletes with shorter fascicles are more prone to hamstring injury (Timmins et
al., 2016). Repeated eccentric contractions lead to exercise-induced muscle damage, which activates
the repair process that leads to the addition of sarcomeres aligned in series (Proske & Morgan,
2001). It has been proposed that this increase in serial sarcomeres accounts for a shift in a muscle’s
force-length relationship, consequently reducing the muscle’s susceptibility to injury (Bourne et al.,
2017; Brockett et al., 2001). The shift in the force-length relationship curve indicates increased
hamstring strength towards full extension of the knee. This shift seems advantageous, as the
mechanism for hamstring injury is in the latter part of the swing phase during sprinting, where the
hamstring muscle is sub-maximally stretched (Chumanov et al., 2007, 2011). Some similarities can
been seen in acute hamstring injuries and acute adductor injuries. The most frequent cause of an
acute adductor injury is kicking (Mosler et al., 2018a; Serner et al., 2015a). Similar to the mechanism
of an acute hamstring injury, the adductor longus is at highest risk of acute injury when the muscle
reaches its highest muscle activity and maximal rate of stretch in the swing phase of the kicking leg
(Charnock et al., 2009). Again, a direct comparison of hamstring injury to groin injury research cannot

be done. However, the CA, which is included as the highest level of the Adductor Strengthening
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Programme, has an eccentric phase similar to the NH, and a potentially increased fascicle length from

performing the programme may be protective against acute injuries to the adductor longus.

Another theory from hamstring injury research is an increase in early onset of muscle activity (i.e. the
rate of force development), a combination of recruitment and firing rate (Aagaard et al., 2002a;
Grabiner & Owings, 2002). The rate of force development is obtained from the slope of the force-
time curve and is important in fast and forceful muscle contractions (Aagaard et al., 2002a). For the
prevention of hamstring injuries, it has been suggested that the ability to activate the hamstring
muscle quickly and efficiently is important to reduce the risk of suffering an injury (Delahunt et al.,
2016; Opar et al., 2013b). An increase in the rate of force development leads to a steeper slope of
the force-time curve, indicating a faster achievement of maximal force (Aagaard et al., 20023;
Delahunt et al., 2016). The faster development of muscle activation can consequently be an
important factor to reducing the risk of over-stretching the adductor muscles in the swing phase of a
kick. However, results from a recently published study could not find an association between rate of
force development and onset of muscle activity and risk of future hamstring injury (van Dyk et al.,
2018). Thus, the role of the rate of force development in reducing the risk of injury is uncertain.
Finally, as for the other proposed theories from hamstring research, we do not know if the same

effect can derive from performing the Adductor Strengthening Programme.

Summarised, the CA or the Adductor Strengthening Programme seem to specifically increase hip
adduction strength, and the exercises seem to target the adductor longus muscles. From hamstring
injury research, there are interesting theories, and because of the similarity between the NH and CA,
the same effects may be seen in the prevention of acute adductor injuries as well. However, there is
a need for future studies to examine the effect of the Adductor Strengthening Programme on the

adductors muscles and the tendon insertion.

Optimal exercise prescription

The effect of the Adductor Strengthening Programme on hip adduction strength is unknown. In Paper
I, we found an 8.9% increase in eccentric hip adduction strength effect in favour of the players
performing the CA. The increase in strength is considerably lower compared to a Danish study that
showed a 35.7% increase in eccentric hip adduction strength using the same exercise and testing
procedure (Ishgi et al., 2015). However, one crucial factor may explain this discrepancy. In our study,
we prescribed three weekly training sessions consisting of one set on each side and a variation from
3-5 to 12-15 repetitions, resulting in a total of 72 (beginner) to 360 (advanced) repetitions on each
side during the eight weeks. The protocol Ishgi et al. (2015) used consisted of two weekly training

sessions, with two or three sets on each side and a progression from 6 to 15 repetitions, resulting in a
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total of 480 repetitions on each side at maximum. This suggests that there could be a dose-response
relationship between training load and outcome, explaining the substantially greater strength effect
in the Danish study (Ishgi et al., 2015). The pre-season protocol used in the Adductor Strengthening
Programme with only one set per side per session is likely to induce a strength increase in the lower
range of these results. Additionally, we did not register the level of the protocol performed by each
player. As the data indicate a dose-response relationship on eccentric adduction strength, it can be
speculated that a more intense protocol would result in an even lower risk of groin problems. On the
other hand, we do not know the effect of increasing intensity or volume on players’ motivation to
perform the programme. Paper IV, however, indicates that simplicity was considered an important
facilitator and that adding more exercises would decrease player motivation. Hence, the optimal

exercise prescription to maximize the effects on injury risk requires further exploration.
Methodological considerations

Injury registration method

The OSTRC-O has now been used in studies on several different body parts and seems to be a better
alternative to recording overuse injuries, identifying more cases leading to pain, decreased
participation or performance without necessarily leading to time loss (Andersson et al., 2016; Clarsen
et al., 2014; Clarsen et al., 2013; Pluim et al., 2015). In the same way, Paper | shows that as many as
two-thirds of reported injuries did not lead to time loss from training or match play. We would argue
that the results presented for one full season (Paper Ill) and a period with match congestion (Paper I)
show a better estimate of the magnitude of groin injuries in football in comparison to previous injury
surveillance studies using a time-loss injury definition (Arnason et al., 2004; Bjgrneboe et al., 2014;
Ekstrand & Gillquist, 1983; Ekstrand & Hilding, 1999; Engebretsen et al., 2008; Engstrom et al., 1990;
Engstrom et al., 1991; Faude et al., 2005; Gaulrapp et al., 2010; Gouttebarge et al., 2016; Hawkins &
Fuller, 1999; Hawkins et al., 2001; Haxhiu et al., 2015; Hagglund et al., 2006, 2007, 2009a; Jacobson &
Tegner, 2006, 2007; Larruskain et al., 2018; Mosler et al., 2018a; Nilstad et al., 2014; Noya Salces et
al., 2014a; Noya Salces et al., 2014b; Shalaj et al., 2016; Sousa et al., 2013; S6derman et al., 2001;
Tegnander et al., 2008; van Beijsterveldt et al., 2015; Waldén et al., 2005; Werner et al., 2018;
Ostenberg & Roos, 2000). Thus, the injury registration method used in Papers | and Il appears to be a
better alternative with which to record groin problems. We suggest that the new method be used in
future injury surveillance studies examining groin problems in order to capture the full extent of the

problem.
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Missing data
One of the main limitations of our injury registration method was the reliance on a good response
from the players. In the two studies using the OSTRC-O, our response rates were 96% (Paper 1) and

77% (Paper lll) respectively.

The amount of missing data affects which statistical methods can be used. Ideally, longitudinal
methods, such as GEE, should be used to analyse repeated measurements, as these account for
changes over time (Twisk, 2006). However, one limitation of these analyses is that all subjects with
any data missing are excluded. This is likely to lead to exclusion of a large proportion of subjects in
studies with many reported measurements, thus reducing statistical power and increasing the
likelihood of biased results. To deal with missing data in our papers, we used multiple imputation to
estimate the missing values. However, multiple imputation can only be utilized if data are missing at
random and if sufficient data exist (Sterne et al., 2009). There are no definitive criteria for the
amount of data necessary, but in previous studies at OSTRC, at least 70% of the dataset and at least
50% of the subjects having complete data have been used as criteria (Andersson et al., 2016; Clarsen

et al., 2014; Clarsen et al., 2013).

In Paper |, the response rate was very high; consequently, only 4% of the missing data were imputed.
However, in Paper Il the weekly response rate took a substantial drop during the summer break and
gradually declined towards the end of the season. Thus, we chose to include a retrospective data
collection, asking players to fill-in missing responses. Of the 13628 weekly reports registered, 17%
were registered retrospectively, and in the analyses (including players having response rate >75%)
21% of the data are retrospectively registered. We believe that the substantial drop in response
during the summer break (weeks 13 to 17) was due to a combination of insufficient information for
the players to continue responding and an unwillingness from the players to respond during their
holidays. As the retrospective data collection increased the response rate, the missing data imputed

in Paper lll was 10%, which is in line with guidelines used at OSTRC.

The retrospective registration during the last month of the study may induce a recollection bias and
represents a limitation of the injury registration. The decision to register retrospectively was done to
ensure sufficient data for the analyses. Aiming to reduce recall bias when completing the
retrospective registration, players had access to a document summarising their previous
guestionnaire responses and their match fixtures. Still, there is a potential for recall bias; however, it
seems highly unlikely that this would affect players in the intervention and control groups differently.
To examine the retrospective data’s influence on the analyses, we repeated the ITT analyses in Paper

Il without including the retrospectively registered data. In the new model, 31.5% (21.3%
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retrospective data and 10.2% missing data) of the data were imputed. Results from the new analyses
showed a somewhat lower odds ratio for both all and substantial groin problems. However, when
performing imputation and analyses repeatedly, each calculation led to slightly different results. This

discrepancy, we believe, must be the result of the large amount of imputed data.

We believe that the retrospective data ensures a more robust dataset, compared to the alternative
of omitting the retrospective data. A larger share of missing data seems to introduce more variation
to the analyses. The results from these new analyses highlight the need for strategies to ensure a
high response rate in large-scale studies using the OSTRC-O and similar analytical approaches. We
believe that a mixed-methods approach (as used in Paper |) with both a smartphone application and
written administration can ensure higher participation and reduce the risk of recall bias in future

surveillance studies.

Deviation from the registered protocol

The project protocols for both RCTs (Papers Il and Ill) were registered with the ISRCTN registry prior
to the start of the trials. Project 2 was conducted as planned; however, in project 3 we made two
deviations from the registered protocol: the retrospective registration, discussed previously, and the
exclusion of players having a response rate that was too low. Deviations from the registered protocol
should be considered a limitation in any trial. The decision to remove players with low response rates
(<75%) was done to ensure sufficient data to perform imputation. The majority (77%) of the enrolled
players were included in the GEE analyses. Although the post-randomised change of criteria for the
analyses may introduce bias (Nuesch et al., 2009), the decision to diverge from the protocol was
taken prior to the analyses and was based on the response rates, irrespective of whether they had
actually performed the Adductor Strengthening Programme. In addition, a difference in sub-scale
scores of the HAGOS at baseline between the players removed from the analysis compared with the
ones included indicates that players with lower response rates had slightly more severe symptoms.
However, we do not consider these small differences to be clinically relevant. Furthermore, there
were no differences in any of the sub-scales when comparing players removed from the intervention

group with the ones removed from the control group.

Future implementation of the Adductor Strengthening Programme

The reported preventive effect of the Adductor Strengthening Programme suggests that
dissemination and widespread use in the football community would be beneficial. The results from
Paper IV indicate that players agree that footballers are at risk for groin injuries and that preventive
measure are needed. Hence, the footballers seem to be primed for the adoption and implementation

of the Adductor Strengthening Programme, which is an important premise to success in injury
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prevention measures (Janz & Becker, 1984). Players also reported a high compliance with the
programme, indicating that adoption of the programme was good (Paper Ill). However, based on our
data, maintenance of the programme seems to be the biggest challenge. Results from Paper IV show
that 65% of the players planned to continue using the programme the next season; however, only
31% planned to perform it as recommended. This should be considered a potential barrier to
successful implementation in the real-world setting. Furthermore, we examined the effect of the
programme at the sub-elite Norwegian footballers. Players reported that the coaching staff and
players initiated and were responsible for the quality of the programme, while medical staff
members were not as involved (Paper IV). This not only indicates that coaches and players were the
most important facilitators for implementation and compliance but also that at the sub-elite (and
most likely also at lower levels) players and coaches should be specifically targeted when introducing

the programme.

The results from the present study suggest that the Adductor Strengthening Programme should be
included in football training, at least among senior male football players. The three progression levels
of the programme are also suggested to be included in the FIFA 11+ programme to specifically target
adductor muscles. Whether the preventive effects of the programme can be generalised to female or
youth players, as well as players at the highest professional level is not known. Athletes from other
sports may also benefit from the programme, as reduced hip adduction strength is also considered a
risk factor associated with groin problems in sports with similar movement patterns, such as ice
hockey, rugby and Australian rules football (Crow et al., 2010; Emery & Meeuwisse, 2001; O'Connor,
2004; Tyler et al., 2001).
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Conclusions

We found a high prevalence of groin problems among male football players during a
period with match congestion. Elite male players had 3 times’ higher risk of reporting
groin problems compared to elite female players, while playing level did not influence

the risk of reporting a groin problem among males.

Including the Copenhagen Adduction exercise in the FIFA 11+ program increased

eccentric hip adduction strength, while the standard FIFA 11+ program did not.

The Adductor Strengthening Programme substantially reduced the prevalence and risk of

groin problems in male football players.

Football players feel they are at high risk of sustaining groin injuries and believe that the
Adductor Strengthening Programme will be effective in reducing that risk, suggesting
that there is fertile ground for implementation. The single-exercise approach was an
important facilitator for successful implementation. However, the players’ reluctance to
maintain the exercise protocol may be considered a potential barrier to implementation

that should be addressed.
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ABSTRACT

Background Groin injuries represent a considerable
problem in male football. Previous groin-specific
prevention programmes have not shown a significant
reduction in groin injury rates. An exercise programme
using the Copenhagen Adduction exercise increases hip
adduction strength, a key risk factor for groin injuries.
However, its preventive effect is yet to be tested.

Aim To evaluate the effect of a single-exercise
approach, based on the Copenhagen Adduction exercise,
on the prevalence of groin problems in male football
players.

Methods 35 semiprofessional Norwegian football
teams were cluster-randomised into an intervention
group (18 teams, 339 players) and a control group (17
teams, 313 players). The intervention group performed an
Adductor Strengthening Programme using one exercise,
with three progression levels, three times per week
during the preseason (6—8 weeks), and once per week
during the competitive season (28 weeks). The control
group were instructed to train as normal. The prevalence
of groin problems was measured weekly in both groups
during the competitive season using the Oslo Sports
Trauma Research Center Overuse Injury Questionnaire.
Results The average prevalence of groin problems
during the season was 13.5% (95% Cl 12.3% to
14.7%) in the intervention group and 21.3% (95%
C120.0% to 22.6%) in the control group. The risk

of reporting groin problems was 41% lower in the
intervention group (OR 0.59, 95% CI 0.40 to 0.86,
p=0.008).

Conclusion The simple Adductor Strengthening
Programme substantially reduced the self-reported
prevalence and risk of groin problems in male football
players.

Trial registration number ISRCTN98514933.

INTRODUCTION

Groin injuries represent a considerable problem in
male football, accounting for 4%-19% of all time-
loss injuries." At the elite level, approximately one
in five male players incur a groin injury causing time
loss each season.” To date, the effect of groin-specific
prevention programmes has not been established.> A
recent systematic review and meta-analysis indicates
that the FIFA 11+ mayhave a preventive effect on
hip and groin injuries.* However, this analysis was
based on two studies only. A significant reduction in
groin injury rate was observed among collegiate male
players,” while there was no difference in a study on
young female players.®

One limitation of previous groin-specific preven-
tion studies is the use of a time-loss injury definition,
an inadequate approach as only about one-third of all
groin problems result in time loss.” Injuries causing
time loss may only represent the ‘tip of the iceberg’
as a large proportion of players continue to partic-
ipate despite having groin-related complaints with
associated impairments or reduced performance.' "~
To address this, we have developed a new method to
improve the recording of groin problems, using an
‘all physical complaints” approach, in order to capture
all cases leading to pain, decreased participation or
performance, not only those resulting in time loss.'

In football, two out of three cases of groin inju-
ries are adductor-related.” "' Low hip adduction
strength has been identified as an important and
modifiable risk factor associated with an increased
risk of groin injury.’ '® Furthermore, >20% deficit
in eccentric strength of the hip adductor muscles
has been observed among players with groin pain.”
Thus, strengthening the hip adductors may play an
important role in reducing the prevalence and rate
of groin injuries in football players. In recent studies,
the muscle activation patterns and strength effects
of various hip adductor exercises have been exam-
ined.”! The Copenhagen Adduction exercise (CA)
has demonstrated high activation of the adductor
longus muscle,”' as well as considerable eccentric
adduction strength gains following standardised
protocols.’® ¥ The apparent advantage of this exer-
cise is that no equipment is needed and the CA can be
performed on the pitch just prior to or after training.
However, its preventive effect has not been tested.

Thus, the purpose of this cluster-randomised
controlled trial (RCT) was to test the effect of
a single-exercise approach, based on the CA, to
reduce the prevalence of groin problems in male
players.

METHODS

Study design and participants

This cluster-RCT was registered with the Inter-
national Standard Randomised Controlled Trial
Number registry (ISRCTN98514933) and took
place from February 2016 to October 2016.
During the 2016 preseason (February and March),
we invited teams from the second and third levels
(semiprofessional) in Norway to take part in the
study. We visited all teams who agreed to partici-
pate to inform and invite players to participate. All
players under contract with the team were eligible
for participation, except those not expected to train
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or play during the first 6-8 weeks of the season due to injury
or illness. The players received verbal and written information
about the study purpose and procedures and provided written
consent to participation. All players included at baseline were
followed until the end of the season (October).

This report is prepared according to the TIDieR checklist and
the Consort Statement recommendations with extension for
reporting cluster-randomised trials.”? %

Baseline questionnaires

We registered demographic data, playing position, dominant leg
(kicking leg) and years as a senior player. Players also registered
current hip and groin symptoms using the Oslo Sports Trauma
Research Center (OSTRC) Overuse Injury Questionnaire'® and
the Copenhagen Hip and Groin Outcome Score (HAGOS) at
baseline.**

Randomisation

We cluster-randomised on a team level to minimise the risk of
contamination bias between players in the intervention and
control groups. A statistician, who was blinded to the study
protocol, performed a computer-generated block randomisa-
tion, with block sizes of 4 and 6 in random order. After a team
agreed to participate, the principal investigator opened a sealed
envelope revealing their group assignment.

Blinding

It was not possible to blind players, coaches or the principal
investigator to group allocation. However, a research assistant
was blinded and managed all data during the collection period,

and outcome measures were not available to any party until all
data had been collected.

Intervention

The Adductor Strengthening Programme consisted of a single
exercise with multiple levels of difficulty. The exercise was based
on the CA as this has previously been shown to be a high-in-
tensity exercise targeting the adductors.”’ As the CA might be
painful or difficult to perform for symptomatic players, we
created two easier levels that players could choose from: level
1 (easiest): side-lying hip adduction; level 2 (moderate): the CA
as previously described,”! but with a shorter lever arm; and level
3 (hardest): the CA as previously described”' (figure 1). Videos
with detailed information on the performance of each level are
available as an online supplementary appendix .

Players were asked to start at level 3. However, if they experi-
enced groin pain during the exercise >3 on an 11-point numeric
rating scale (0-10, where 0 is no pain and 10 is maximal pain),?®
they were instructed to perform level 2 instead. Similarly, if level
2 provoked pain>3/10, the player was informed to perform
level 1. The exercise was performed on both sides.

Teams in the intervention group were asked to perform the
programme as a part of their regular warm-up, 2-3 times a week
for a minimum of 6 weeks during the preseason and maintain the
programme once a week throughout the regular season (table 1).
At a team visit during preseason, players and coaches in the inter-
vention group were shown how to perform the different levels
of the programme by the principal investigator. Team medical
staff were also included in the instruction session whenever

Figure 1

(A) Starting/ending position and (B) mid position for the different levels of the Adductor Strengthening Programme.
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Table 1

Week Weekly sessions  Sets per side

Training protocol for the Adductor Strengthening Programme

Repetitions per side

Preseason (weeks)

1 2 1 3-5
2 3 1 3-5
3-4 3 1 7-10
5-6 3 1 12-15
7-8 2 1 12-15
In season 1 1 12-15

possible (75% of the time). We encouraged the players, coaches
and medical staff to contact us if they experienced problems or
any other adverse events when performing the exercise.

Compliance

Compliance to the training programme was based on players’
self-reported number of sessions completed. This information
was collected weekly as a part of an electronic questionnaire,
which also measured groin injury consequences (see below). To
calculate the overall compliance, the total number of completed
sessions was summed and divided by the number of respondents.
However, to avoid overestimation, players who performed more
than the recommended number of sessions were assigned the
maximum recommended number.

Outcome measures
The primary outcome measure was the weekly prevalence of
all groin problems registered during the competitive season
(28 weeks) using the OSTRC Overuse Injury Questionnaire.'
The secondary outcome measure was the weekly prevalence of
substantial groin problems registered during the competitive
season. Players were categorised as having a groin problem if
they recorded any hip or groin symptoms in the question-
naire, including ‘pain, ache, stiffness, clicking/catching or other
complaints related to the groin’, or if they reported reduced
training participation, training volume or performance due to
groin problems.'” Players were categorised as having a substan-
tial groin problem if they reported moderate or severe reduc-
tions in training volume or football performance, or a complete
inability to participate due to groin problems.'® The complete
questionnaire is available as an online supplementary appendix.
The questionnaire was distributed using a smartphone appli-
cation (Spartanova; Spartanova NV, Ghent, Belgium) during the
competitive season. Each player received a notification through
the smartphone application to complete the questionnaire every
Sunday evening and a short message service (SMS) notification
every Monday. Non-responders received an SMS reminder the
following Thursday. Players who failed to respond through
the smartphone application were contacted by telephone and
asked to complete the questionnaire verbally. During the last
fourweeks of the season (September/October), we visited each
club and asked players to respond to the questionnaire retro-
spectively for weeks with missing responses from the start of
the competitive season to the beginning of September. To assist
recall, each player was shown a document summarising all their
questionnaire responses and match fixtures. The retrospective
registration represents a deviation from the original protocol.
Each week, we calculated the prevalence of all groin prob-
lems and substantial groin problems by dividing the number of
reported problems by the number of questionnaire respondents. '

At the end of the season, the average prevalence of all prob-
lems and substantial problems was calculated, as well as a 95%
CL Finally, we calculated the cumulative incidence for all groin
problems and substantial groin problems as the number of new
cases each during the study period divided by the number of
players included in the intention-to-treat (ITT) analysis.

Exposure

Each week, players reported their exposure to football training
(hours), individual training (hours), match play (minutes) and
the number of games in which they had participated. The
average weekly exposure was calculated for each measure for
both groups.

Sample size

The sample size calculation was based on the average prevalence
of all groin problems among male Norwegian football players
(29%).” Based on an analysis of variance of within-subject and
within-team prevalence, an inflation factor of 1.63, a cluster size
of 20 players, a power of 80% and a 5% significance level (o),
we estimated the ability to detect a 40% reduction in prevalence
with 380 players (19 teams) in each group.

Statistical analyses

To assess the effect of the intervention, we performed two
generalised estimating equation (GEE) analyses, one for all groin
problems and one for substantial groin problems. GEE was
performed using an exchangeable covariance matrix and an o of
0.05 for all analyses. All anthropometric and demographic vari-
ables were treated as potential effect modifiers and included as
candidate variables in a final multivariable GEE model built using
a forward selection procedure. Analyses were performed for the
28-week period during the competitive season (April-October).

Missing data on groin problems were imputed using multi-
variate imputation by a chained equation algorithm in combi-
nation with a predictive mean matching approach, which led to
the pooled results of five multiple imputed data sets.”® In order
to perform imputation with sufficient data, we chose to remove
players having <75%response rate (equivalent to <21 weekly
reports). The cut-off was based on an assessment of the distri-
bution of total responses, which showed a distinct cut-off at 21
reports. This decision represents a deviation from the original
protocol; however, it was made prior to performing the GEE
analyses.

Primary analyses were performed using an ITT principle. We
also performed secondary per-protocol (PP) analyses, in which
we excluded players who performed <67% of the programme
during the preseason or <50% during the competitive season.

We assessed between-group differences in baseline characteris-
tics and exposure using an independent t-test or Mann-Whitney
U test, as appropriate. We also assessed differences in baseline
characteristics between players included in the ITT analysis and
those excluded due to an insufficient response rate (<75%).
All analyses were performed using SPSS Statistics for Windows,
V.24.0 (SPSS).

RESULTS

Participants

A total of 35 teams (652 players) were enrolled in the study;
however, one team withdrew shortly after randomisation. The
flow of the teams/players is shown in figure 2. Baseline char-
acteristics for players included in the ITT analysis are shown
in table 2. At the time of inclusion, there were no group
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Invited
(N=47 teams)

Randomised
(N=35 teams; 652 players)

/\

)

Declined to participate

(N=12 teams)
~———

Withdrew after
isation

r
(N=1 team; 20 players)

Intervention group
(n=18 teams; 339 players)

Control group
(N=16 teams; 293 players) ——

Players with insufficient
weekly reports (N=92)

Intervention group
(N=247 players)

Intention-to-
treat analyses

Players with insufficient
weekly reports (N=51)

~———

Control group
(N=242 players)

Players with low
compliance (N=125)

Intervention group
(N=122 players)

Per-protocol
analyses

Control group
(N=242 players)

Figure 2 Flow of the teams and players throughout the intervention.

differences in the prevalence of groin problems or any of the
HAGOS subscale scores. Players included in the ITT analysis did
not differ from the players not meeting the 75% response rate
criteria in any baseline characteristic or the prevalence of groin
problems. However, the excluded players reported lower scores
in three subscales of the HAGOS: sport and recreational activi-
ties (median 87.5 points vs 93.8 points), participation in physical
activity (87.5 vs 100.0) and quality of living (85.0 vs 90.0) at
baseline. There were no differences in any of the subscales when
comparing excluded players from the intervention group with
the ones excluded from the control group.

There were no differences in exposure to football training,
individual training, match minutes or number of games played
during the competitive season between the intervention and
control groups (table 3).

Response rate to the weekly questionnaire

A total of 13 628 weekly reports were registered, of which 17%
were registered retrospectively. The average weekly response
rate was 74% (range 47%-93%) in the intervention group and
80% (52%-96%) in the control group. Seventy-seven per cent

Table 2 Baseline characteristics for players included in the intention-to-treat analysis

Intervention (n=247)

Age (years)* 22.0 (4.3)
Height (cm)* 181.9 (6.7)
Body mass (kg)* 75.7 (1.5)
Senior player (years)* 5.3(4.1)
Prevalence (%)
Groin problems 32.8
Substantial groin problems 12.6
HAGOSt#
Pain 95.0 (15.0)
Symptoms 82.1(25.0)
Activities of daily living 100 (5.0)
Sport and recreational activities 90.6 (21.9)
Participation in physical activity 100.0 (25.0)
Quality of living 90.0 (25.0)
Playing positions
Goalkeepers 13%
Defenders 31%
Midfielders 36%
Attackers 20%
Leg dominance
Left leg 17%
Right leg 83%

Control (n=242) P values
23.7(4.3) <0.001
182.3 (6.4) 0.45
78.0 (7.5) 0.001
6.2 (4.4) 0.023
32.6 >0.99
13.6 0.71
95.0 (15.0) 0.69
82.1(25.0) 0.70
100.0 (10.0) 0.53
93.8(21.1) 0.20
100.0 (12.5) 0.48
95.0 (25.0) 0.79
0.80
1%
30%
35%
23%
0.24
21%
79%

*Values expressed as mean (SD).
tIntervention group (n=225), control group (n=216).
$Values expressed as median (IQR).
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Table 3  Average weekly exposure for players included in the
intention-to-treat analysis, shown as the mean (SD)

Intervention (n=247) Control (n=242) P values
Football training (hours) 6.0 (2.0) 6.2(2.2) 0.23
Individual training
(hours) 3.5(2.4) 3.6(2.3) 0.82
Match minutes 65.7 (26.9) 67.0 (25.5) 0.60
Number of games 0.8(0.3) 0.8(0.3) 0.40

of players included at baseline responded to at least 75% of the
weekly questionnaires and were included in the ITT analyses.
The average weekly response rate for players included in the
ITT analyses was 90% (weekly range 62%-100%) in the inter-
vention group and 90% (61%-100%) in the control group.
Furthermore, 21% retrospective data was included in the
ITT analyses and 10% missing data were imputed using multi-
variate imputation.

Primary outcome: all groin problems
The average weekly prevalence of all groin problems during the
competitive season was 13.5% (95% CI 12.3% to 14.7%) in the

intervention group and 21.3% (95% CI 20.0% to 22.6%) in the
control group. The 28 in-season prevalence measures in both
groups are illustrated in figure 3. GEE analyses revealed a 41%
lower risk of reporting groin problems in the intervention group
compared with the control group (table 4).

Secondary outcome: substantial groin problems

The average weekly prevalence of substantial groin problems
during the competitive season was 5.7% (95% CI 5.1% to 6.3%)
in the intervention group and 8.0% (95% CI 7.5% to 8.5%) in
the control group. The 28 in-season prevalence measures in both
groups are illustrated in figure 3. An 18% lower risk of reporting
substantial groin problems was detected; however, this was not
significant (table 4).

Per protocol analyses: all and substantial groin problems

When we removed the players not meeting the PP criteria
(=67% of the programme during the preseason and =50% during
the competitive season), the average weekly prevalence of groin
problems in the intervention group was 11.7% (95% CI 10.9% to
12.5%) while that of substantial groin problems was 4.5% (95%
CI4.1% to 5.1%). Results from GEE analysis are shown in table 4.

40%
All groin problems
35% g P
30%
25%
@
Q
5
= 20%
>
<
o
15%
10%
5%
0%
Baseline Pre-season 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Competitive season week #
40%
Substantial groin problems
35%
30%
25%
[
o
g
= 20%
>
L
a

15%

10%

5%

0%

Baseline Pre-season 2 4 6 8

10

12 14 16 18 20 22 24 26 28

Competitive season week #

Figure 3  Prevalence of all groin problems (upper panel) and substantial groin problems (lower panel) in the intervention group (open squares) and
control group (filled squares) with 95% Cl, measured at baseline and 28 times during competitive season for players included in the intention-to-treat
analyses. The shaded area represents the period 6-8 weeks the preseason protocol of the Adductor Strengthening Programme was performed.
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Table 4 Generalised estimating equation (GEE) model for both
intention-to-treat and per-protocol analyses.

Mean difference

in prevalence (%)  OR* 95%Cl P values
All problems
Intention-to-treat 7.8 0.59 0.40 to 0.86 0.008
Per-protocol 9.6 0.53 0.36 t0 0.78 0.001
Substantial problems
Intention-to-treatt 2.3 0.82 0.51t01.33 0.42
Per-protocol$ 34 0.70 0.40to0 1.23 0.22

*All analyses performed using intervention group as reference value.

tAge, years as senior, height and weight were included as covariates in the GEE
model.

$Height was included as a covariate in the GEE model.

Characteristics of the reported groin problems

Groin problems were reported in 2458 of the 13 628 question-
naire responses. The cumulative incidence of all groin problems
for players included in the ITT analysis was 55% in the inter-
vention group and 67% in the control group. A substantial groin
problem was reported by 28% of the players in the interven-
tion group and 37% in the control group. Characteristics of the
reported problems are shown in table 5.

Compliance to the exercise programme

Players in the intervention group included in the ITT analysis
completed on average 73% of the recommended preseason
protocol. During the competitive season, the Adductor Strength-
ening Programme was completed on average 0.7 times per week
(range 0.6-0.9), equivalent to 70% of the recommended exercise
prescription. Forty-two per cent of the players had an average
in-season weekly compliance higher than our recommendations,
two players (1%) did not complete any of the recommended
preseason training sessions and seven players (3%) did not
complete any of the recommended in-season training sessions.
Players included in the PP analyses completed 93% of the recom-
mended preseason training sessions and on average completed
the programme 0.9 times per week (range 0.7-1.0) in-season.

Adverse effects
We had no reports on any adverse events related to performing
the study intervention.

DISCUSSION

This is the first study investigating the effect of an Adductor
Strengthening Programme using a single-exercise approach to
reduce the prevalence of groin problems in football players. Our
main finding was that the Adductor Strengthening Programme
reduced the prevalence of groin problems among male football

Table 5 Characteristics of the groin problems reported during
the 28 weeks of the competitive season for players included in the
intention-to-treat analysis

Intervention group
(n=844 groin problems)

Control group
(n=1321groin problems)

players; the risk of reporting groin problems during the compet-
itive season was 41% lower, in favour of the intervention group
in the ITT analysis and 47% in the PP analysis.

Our Adductor Strengthening Programme is the first groin-spe-
cific exercise-based programme to demonstrate efficacy in
reducing the risk of groin injuries in male footballers. The hip
adductors were specifically targeted in this programme, while
previous studies have had a combined focus on hip adduc-
tors, abdominals and flexors.?’ ?” ** Furthermore, the intensive
protocol implemented during the preseason is considered vital
to gain effect of the programme prior to the injury counting
during the regular season. This is in contrast to previous studies,
which have implemented the prevention programme and injury
registration at the same time.?” *

Another reason why we may have found an effect where
previous studies have not is that the compliance reported in the
present study was much higher than what is often seen in sports
injury prevention trials.> >*=! On average, the players completed
approximately 70% of the recommended protocol during both
preseason and the competitive season. Actually, 42% of the
players included in the ITT analysis had an average in-season
weekly compliance higher than our recommendations. However,
compliance was self-reported by the players and we do not know
if they performed the exercise as often as reported. The compli-
ance reported in other studies examining the preventive effect
of an exercise programme on groin injury rate varies. Enge-
bretsen et al reported that players had a 19% compliance with a
programme including static and dynamic hip adduction strength
and abdominal exercises,”” while studies examining the effect of
the FIFA 11 have reported from 52% to 73% compliance with
the programme.’® ! Silvers-Granelli et al reported a mean util-
isation of the FIFA 11+ of 30 sessions during a season, which
they interpreted as moderate.” Holmich et al did not report
any data on compliance with their programme including static
and dynamic hip adduction strength, abdominal exercises and
stretching.?® Compliance is believed to be a key factor. In two
large RCTs on the FIFA 11+ programme, the risk of sustaining
an injury was lower for the high compliance group, compared
with players having intermediate or low compliance.’ ¢ This is
also indicated in our analysis, where the PP analysis showed an
even lower risk of groin problems than the ITT analysis.

The single-exercise approach in the present study must be
considered a large advantage as the time required by the teams
is short. The in-season protocol of the Adductor Strength-
ening Programme consists of only 1weekly session, which takes
<Smin to perform. However, this may also be considered
a limitation as we have only specifically targeted one of four
defined clinical entities for groin pain.** We would argue that
targeting the adductors addresses the main problem as adduc-
tor-related groin pain accounts for >2/3 of all hip and groin
injuries in football.>"'="* It is unknown specifically which entities
were affected by the Adductor Strengthening Programme.

The effect of the exercise prescription dosage on hip adduc-
tion strength is unknown. We have data on different proto-
cols of the CA, as used at level 3 in the current programme. A
36% increase in eccentric hip adduction strength was found in
players performing the CA intensively for 8 weeks,'” whereas a
less intensive 8-week protocol used in a different study showed
an 8% increase.'® The preseason protocol used in the present
study, with only one set per side per session, is likely to induce a
strength increase in the lower range of these results. Additionally,
we did not register the level of the protocol performed by each
player. As previous studies indicate a dose-response relationship
on eccentric adduction strength,'® ' it can be speculated that a

Time loss (%) A 33

Gradual onset (%) 78 79

Acute onset (%) 22 21

Dominant leg (%) 45 44

Non-dominant leg (%) 35 34

Both legs (%) 20 22
6
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higher intensity protocol would result in an even lower risk of
groin problems. The optimal exercise prescription to maximise
the effects on injury risk needs, however, further exploration.

Although we had no reports of any adverse effects, the lack
of a systematic approach to register events should be considered
a limitation of the study. However, our findings are similar to
other studies showing no reports of any adverse effects when
performing the CA."® ™ Furthermore, players in these studies
reported very low delayed-onset muscle soreness (DOMS) in
the hip adductors when performing the exercise. The individual
highest values were related to the starting date, increase in load
or associated with football training."® ' Thus, we think that the
Adductor Strengthening Programme is safe to perform and the
careful progression in the exercise prescription was important
to reduce the risk of DOMS and adverse events to a minimum.

The preventive effect from structured interventions like
the FIFA 11+ iswell known;* however, the specific effects of
these general programmes are unclear. Only two papers report
effects on hip/groin injuries, with conflicting results.’ ¢ In the
same way that the Nordic Hamstring exercise is included in
the FIFA 11+ tospecifically target hamstring injuries, the three
progression levels of the Adductor Strengthening Programme are
suggested to be included in the FIFA 114 programmeto specif-
ically target the adductor muscles and their associated groin
problems most often seen in male football.

Methodological considerations

A strength of this trial is the use of the OSTRC Overuse Injury
Questionnaire. This method has been shown to be more sensitive
than injury recording based on a time-loss definition, capturing
all groin problems.”** Actually, a promising non-significant 31%
reduction in groin injury rates was shown in 977 Danish amateur
male football players.”® The results from this trial indicate that
the study has been underpowered to detect an effect on time-loss
injuries. Our data therefore represent a more complete picture
of the extent of groin problems in football, with a large share
of problems leading to reduced training participation, training
volume or performance but fewer leading to time loss.

Another strength of this trial is the inclusion of players already
having groin problems. Traditionally, players with problems at
baseline are excluded, recording only new cases during the inter-
vention period. From a previous study, we know that >50%
of the players reporting groin pain in the previous season still
had pain at the beginning of the new season.” Removing players
having groin symptoms at baseline would have resulted in a
group not being representative for the population of footballers
where groin problems are very common.

There are some methodological limitations in this study. First,
the retrospective registration during the last month of the study
may induce a recollection bias and represents a limitation to the
injury registration. The decision to register retrospectively groin
problems was done to ensure sufficient data for the analyses.
Aiming to reduce recall bias, players had access to a document
summarising their previous questionnaire responses and match
fixtures when completing the retrospective registration. Still,
there is a potential for recall bias; however, it seems highly
unlikely that this would affect players in the intervention and
control groups differently.

Second, deviations from the registered protocol should be
considered a limitation of any trial. The decision to remove
players with a low response rate was done to ensure suffi-
cient data to perform imputation. The majority (77%) of the
enrolled players were included in the GEE analyses. Although

the postrandomised change of criteria for the analyses may
introduce bias,®* the decision to diverge from the protocol was
taken prior to the analyses and was based on the response rate,
irrespective of whether or not they had actually performed the
Adductor Strengthening Programme. In addition, difference in
subscales scores of the HAGOS between the players removed
from the analysis, compared with the once included, indicates
that players with lower response rate (<75%) had more severe
symptoms at baseline. However, we considered these small
differences not clinically relevant. Furthermore, there were no
differences in any of the subscales when comparing removed
players from the intervention group with the ones removed from
the control group.

Third, a limitation of the injury registration method used
in the present study is the lack of detailed diagnostic informa-
tion on each case. Reliable medical follow-up was not feasible
given the scale of the study. Instead we attempted to obtain
diagnostic information by inviting players reported to have a
groin problem affecting match play for more than two consec-
utive weeks to a standardised examination. However, as most
of the teams already had their own medical teams, only 26
players contacted us and were examined. In a future study, the
self-reported groin problems should be examined, classified and
reported according to the Doha agreement on terminology and
definitions.**

Perspectives

The results from the present study suggest that the Adductor
Strengthening Programme should be included in football
training, among senior male football players. Whether the
preventive effect from the Adductor Strengthening Programme
can be generalised to female or youth-level football players,
as well players at the highest professional level, is not known.
Other types of athletes may also benefit from the programme as
low hip adduction strength is also considered a risk factor asso-
ciated with groin problems in other sports with similar move-
ment patterns, such as ice hockey, rugby and Australian rule
football.»~*

CONCLUSION

The Adductor Strengthening Programme substantially reduced
the prevalence and risk of groin problems in male football
players. We recommend that the programme be implemented as
a part of normal football training.

What are the findings?

» The Adductor Strengthening Programme, based on one
single exercise with different progression levels , reduced the
prevalence and risk of groin problems in male football players
by 41%.

How might it impact on clinical practice in the future?

» The Adductor Strengthening Programme should be
implemented as a part of normal football training.

» We suggest to include the three progression levels of
the Adductor Strengthening Programme in the FIFA
11+ programme to specifically target the adductor muscles.

Twitter Follow @jharoey, @benclarsen, @aserner, @kthorborg, @perholmich, @
docthorandersen, @roaldbahr, @ostrc1.
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ABSTRACT

Groin injuries represent a considerable problem in male football, accounting for 4 to 19% of all time-
loss injuries. The Adductor Strengthening Programme is the first groin specific prevention
programme shown to reduce the risk of groin problems. We aimed to use the RE-AIM framework to
examine the players experiences with the implementation of the programme and player attitude
towards groin injury prevention in football. Of the 632 players involved in the trial examining the
effect of the Adductor Strengthening Programme, 501 agreed to participate in a survey at the end of
the season. Most players thought that footballers are at moderate to high risk for groin injuries (87%)
and that there is a need for preventive measures (96%). They also believed that a preventive
programme with strengthening exercises would reduce the risk of groin injuries (91%). Majority of
the players reported using less than 5 minutes to complete the programme (73%) and only 11%
wanted additional exercises. However, only 46% reported to have performed the programme as
recommended, and an even smaller proportion (31%) planned to continue using it as recommended
the next season. Our results suggest that footballers believe that prevention of groin injuries is
needed. Attitude towards implementation of the Adductor Strengthening Programme were positive
and the single-exercise approach was considered an important facilitator. However, in future
dissemination of the programme, the players’ reluctance to maintain the exercise protocol may be a

potential barrier to implementation that should be addressed.
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INTRODUCTION

Groin injuries represent a considerable problem in male football, accounting for 4 to 19% of all time-
loss injuries.! At the elite level, 14 to 17% of all players incur a groin injury causing time-loss each
season.? During a period with match congestion, 59% of males reported at least one episode with

groin problems.?

Several preventive measures have been suggested to reduce the high groin injury rates. Until
recently, exercise programmes aiming to prevent groin injuries have shown little effect on injury
rates.* The groin-specific interventions have had a combined focus on hip adductors, flexors and
abdominals.>® However, recently, the Adductor Strengthening Programme, a simple, single-exercise
programme based on the Copenhagen Adduction exercise,” was shown to reduce the risk of groin

problems among male football players with 41%.2

In this study, the compliance with the Adductor Strengthening Programme was higher than what has
previously been reported in groin specific injury prevention trials.*® On average, the players
completed approximately 70% of the prescribed protocol during both the pre-season and the regular

season.®

However, it is well known that compliance with prevention programmes represents a challenge.®?

From elite European level, it has been shown that players compliance with prevention programmes is
low, despite coaches being positive.'® Poor compliance with the effective prevention programmes
may be considered being a gap between science and best practices. The RE-AIM framework has been
developed to describe five key components to successfully close the gap: Reach, Efficacy, Adoption,
Implementation and Maintenance.’>* The framework is a useful tool that allows decision-makers to
assess how interventions are implemented in practice, and their impact at the individual and
organisational levels. Furthermore, it can help determine which interventions are feasible in real-
world settings.’>1> A recent systematic review concluded that information on the RE-AIM

components in published trials on injury prevention exercise programmes was insufficient, especially
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regarding the adoption and maintenance of the programmes.*® By using the RE-AIM framework to
evaluate the implementation of the Adductor Strengthening Programme, we may reveal factors

important for future successful dissemination.

Thus, the primary aim of this study was to use the RE-AIM framework to examine the players’
experiences with the implementation of the Adductor Strengthening Programme among male sub-

elite football players. Furthermore, we investigated player attitudes towards groin injury prevention.

METHODS

Study design and participants

This survey took place from September to October 2016, as part of a randomised controlled trial
(RCT) examining the preventive effect of the Adductor Strengthening Programme on the risk of groin
problems in male football players.® The RCT was registered with the International Standard
Randomised Controlled Trial Number registry (ISTRCTN98514933) and approved by the South-
Eastern Norway Regional Committee for Medical Research Ethics (2015/1922/REK) and the

Norwegian Data Inspectorate (45388/3/LT/LR).

During the last weeks of the 2016 season, we invited all 34 teams (632 players) enrolled in the RCT to
take part in the study. Teams that agreed to participate received a personal visit, where we informed
players about the study and each player was invited to participate. All players enrolled in the RCT
were eligible for participation. All players received oral and written information about the purposes

and procedures of the project before providing their written consent.

This report is prepared according to the STROBE checklist for observational studies.*®

Questionnaire

The survey was based on the different dimensions of the RE-AIM framework *°, and was developed
based on a similar survey used to examine the implementation of the OSTRC Shoulder Injury
Prevention Programme in handball players 7. We included a separate section with questions about

4
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the implementation of the Adductor Strengthening Programme for players in the intervention group
and questions regarding knowledge about the programme for players in the control group. In
addition, we included questions about attitudes towards groin injuries and groin injury prevention
for both groups. The survey was developed in Norwegian, and an English version was provided for
players who did not understand Norwegian. The full survey is available as an online supplementary

file.

Procedure

Players were asked to complete a paper version of the questionnaire. Players who did not attend
training were contacted through mail or phone and asked to complete an online-version of the

questionnaire using Questback (Questback V. 9692, Questback AS, Oslo, Norway).

Analysis

All returned questionnaires were included in the analysis regardless of missing data. All responses
were exported into SPSS Statistics for Windows, version 24.0 (SPSS Inc., Chicago, Ill., USA) and
analysed using descriptive statistics. Player characteristics were obtained from the RCT (at the time
of inclusion in February and March 2016).2 All data are presented as mean and standard deviation

(SD).

RESULTS

Participant characteristics

Three of the 34 teams in the RCT declined to participate. In total 501 (79%) of the players enrolled at
baseline were included, 255 from the intervention group (75%) and 246 from the control group
(84%). Of the 501, 408 (81%) responded to the questionnaire during our team visit, while 93
responded to the online-version of the questionnaire within two weeks. Player characteristics at

baseline are shown in table 1.

[Table 1 near here]
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Player attitudes towards groin injuries and groin injury prevention

Overview of the player responses regarding their attitude towards groin injuries and groin injury
prevention are shown in tables 2 and 3. Of the players included in the intervention, 87.3% considered
footballers to be exposed to groin problems to a moderate or high extent. The players perceived low
muscle strength (23.0%), reduced mobility (21.1%) and playing on artificial turf (18.4%) as the most
important causes of groin injuries. Furthermore, prevention of groin injuries was considered at least
moderately important by 95.5% of the players. However, when asked about their squad’s attitude

towards preventive measures, their impression was that only 50.1% of the players were positive.

[Table 2 near here]

[Table 3 near here]

Player experience with the Adductor Strengthening Programme

The questions and responses from players in the intervention group to the questions about the
Adductor Strengthening Programme are shown in tables 4 and 5. Strengthening of the adductor
muscles was considered important in reducing groin problems by 90.6% of the players in the
intervention group. Of the players in the intervention group, 72.5% reported that they spent less
than five minutes to complete the programme. Two-thirds (66.7%) of the players reported that they
appreciated that the programme consisted of a single exercise and believed motivation for doing the
programme would decrease if it were more time-consuming. Only 11.4% of the players wanted
additional exercises. Sixty-six percent of the players reported that the programme was performed in
connection with organised football training. The players reported that coaches (52.0%) and players
(36.8%) were responsible for initiating the Adductor Strengthening Programme during training.
Coaches (40.7%) and players (46.8%) were also responsible for the players performing the exercises
with the same quality as instructed. The exercise protocol was conducted as recommended or more

frequently than recommended by 45.9% of the players. When players were asked whether they
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thought they would perform the programme the next season, 64.7% of the players confirmed this;

however, 33.7% reported that they would do the programme less often.

[Table 4 near here]

[Table 5 near here]

Groin injury prevention done by players in the control group

Of the players in the control group, 30.5% reported having knowledge about the content of the
Adductor Strengthening Programme and 53.3% reported that they had performed the programme or

other exercises to prevent groin injuries during the season the study took place.

DISCUSSION

The main findings of this survey of Norwegian semi-professional football players were that most
players believed that footballers are at moderate to high risk for groin injuries and that there is a
need for groin injury preventive training or other measures. Most players thought that a preventive
programme with strengthening exercises would reduce the prevalence of groin injuries. Majority of
the players reported using less than 5 minutes to complete the programme and very few wanted
additional exercises. On the other hand, less than 50% of the players reported to have performed the
programme as much as recommended during the trial, and an even smaller proportion planned to

continue using it as prescribed the next season.

The recently reported preventive effect of the Adductor Strengthening Programme suggests that
dissemination and widespread use in the football community would be beneficial.® However, to
succeed in a real world setting, knowledge regarding attitudes, beliefs and current behaviours
towards groin injury prevention among the delivery agents and football players is crucial, as is
identification of facilitators and barriers to implementation.'®° Most players in the present study
agreed that footballers are at least moderately exposed to groin problems. Their understanding is in

accordance with the literature, which documents that groin injuries are prevalent in football.>
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Overall, more than 90% of the players believed that there is a moderate to great need for prevention
of groin injuries. This result is line with studies recommending preventive initiatives in football.2*20
Furthermore, the surveyed players believed that a programme targeting hip adduction strength

would reduce the risk of groin problems. Hence, the footballers seemed to be primed for adoption

and implementation of the Adductor Strengthening Programme, which is an important premise to

succeed with prevention measures.?

Despite these results, suggesting that reach of the programme was successful, the players reported
to deviate from the recommended protocol. In the present study, about 45% of the players reported
to have performed the programme at least as often as prescribed, while data from the RCT
documented an average weekly completion of the programme of 70%.2 Although player compliance
with the programme was somewhat lower than our recommendations, the reported compliance in
this trial was much higher than that seen in previous groin-specific prevention trials.*® Compliance is
thought to be a key success factor; in two large RCTs testing the effects of the FIFA 11+ programme,
the risk of sustaining an injury was lower for the high compliance group, compared to players having

intermediate or low compliance.??

The single-exercise approach should be considered as an important facilitator for the successful
implementation of the Adductor Strengthening Programme. Only 11% of the players wanted more
exercises. They also believed that a programme with several exercises, requiring more time to be
spent, would decrease their motivation. The majority of the players reported using less than 5
minutes to complete the programme. In other studies reporting on the uptake of the injury
prevention exercise programmes in football, the length of the programme has been emphasised as
one important barrier to implementation.>?* However, a simple exercise programme is no guarantee
for successful implementation. The preventive effect of the Nordic Hamstring exercise is well

25-27

known?>?” and in two RCTs, compliance with the programme was 91%.2%2?” Despite this, elite clubs

chose other strategies to prevent hamstring injuries.’ Bahr et al. speculated that limited influence by
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the medical team on coaching practices and a lack of focus on injury prevention in education

programmes targeting coaching staff could be the reason.’

A common understanding among the different stakeholders within a club is emphasised as an
important premise to succeed with implementation of preventive measures.® Players reported that
the coaching staff and players initiated and were responsible for the quality of the Adductor
Strengthening Programme, while medical staff members were not much involved. This indicates that
coaches and players were the most important facilitators for implementation and compliance with
the programme, perhaps because the study was done at a sub-elite level, where medical staff
resources are limited. The reluctant motivation to continue performing the Adductor Strengthening
Programme represent a potential barrier to maintenance. This should be addressed when
implementing the programme in football teams, in particular at lower levels of play where access to

medical teams is limited.

Interestingly, 31% of the players in the control group reported to have knowledge about and more
than 50% to have performed the Adductor Strengthening Programme or other prevention exercises
to reduce the risk of groin injuries during the study period. This suggests that there was a crossover
effect in the RCT, suggesting that the 41% reduction in risk of groin problems observed may

represent an underestimation.

From elite level we know that the main challenges with exercise programmes to prevent injury are
concerns about muscle soreness and ‘heavy legs’.!? Players in the present study were from lower
level, and although we do not know, we would be surprised if they were less concerned about
muscle soreness and ‘heavy legs’. Thus, when introducing the Adductor Strengthening Programme
players should be informed that the CA, which is the highest level of the programme hardly causes
any muscle soreness, when using a similar exercise protocol as in pre-season.?® Players in the present
study were positive to the preventive effect from the Adductor Strengthening Programme; in

contrast to reports from elite players, which have shown scepticism towards the effect from
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preventive programmes.? Although, players in the present study were positive, in future
dissemination of the programme, the documented preventive effect of the Adductor Strengthening
Programme?® should be highlighted as a positive effect on performance. Increased participation of
players without groin problems may increase the individual and team performance positively by
increasing player availability.?>3 Unfortunately, there is no guarantee that increased knowledge
about prevention among players automatically will translate into changed behaviour, as the learning
process and experiences of each individual will affect adoption and implementation of the
programme.3! In order to succeed with behavioural modifications, it is suggested that programmes
should be introduced from an early age to become an accepted part of their training or warm-up
routine and culture.?! Thus, dissemination of the programme should target young players and
instructions on how to perform the Adductor Strengthening Programme or other programmes and

exercises should be a mandatory part of football coach education at all levels.

Methodological limitation

There are some methodological limitations that should be kept in mind when interpreting the
current results. First, this survey included only perceptions of the players. The RE-AIM framework is a
tool for decision-makers to assess how interventions are implemented in practice, and their impact
at the individual and organizational level. The understanding and perceptions of other stakeholders
in the club are not known. Furthermore, this study included only teams from the sub-elite level; we
do not know if teams at other levels of play (for example elite or amateur) or females would have

had different perceptions and views.

PERSPECTIVES

Players in sub-elite football teams experience that they are at high risk of sustaining groin injuries
and believe that the Adductor Strengthening Programme will be effective in reducing the risk of groin
problems, suggesting that there is fertile ground for implementation. The single-exercise approach

was an important facilitator for the successful implementation and the majority of the players spent

10
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less than 5 minutes to complete the programme. However, in future dissemination the players’
reluctant motivation for maintain the exercise protocol may be considered a potential barrier to

implementation that should be addressed.
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Table 1 Baseline characteristics and hip and groin symptoms for players included in the study. Values are expressed as mean
(SD).

Intervention (n=255) Control (n=246)

Age (years) 22.0(4.4) 23.8 (4.4)
Height (cm) 181.9 (6.5) 182.4 (6.4)
Body mass (kg) 75.8 (7.5) 78.1(7.5)
Senior player (years) ? 5.4 (4.1) 6.3 (4.5)

a Years playing senior football

Table 2 Questions and responses from players about their attitude to groin injuries and groin injury prevention. Data are
presented as number of players (%).

Intervention Control Total
(n=255) (n=246) (n=501)
To what extent do you think footballers are
exposed to groin injuries?
Highly 114 (44.7) 123 (50.0) 237 (47.3)
Moderately 107 (42.0) 94 (38.2) 201 (40.1)
Low 24 (9.4) 20(8.1) 44 (8.8)
Don't know 4(1.6) 6(2.4) 10 (2.0)
Missing 6(2.4) 3(1.2) 9(1.8)
To what extent do you think footballers need
to prevent groin injuries?
Highly 159 (62.4) 160 (65.0) 319 (63.7)
Moderately 84 (33.0) 75 (30.5) 159 (31.8)
Low 8(3.1) 8(3.3) 16 (3.2)
Don't know 1(0.4) 3(1.2) 4(0.8)
Missing 3(1.2) 0(0.0) 3(0.6)
What do you think are the most common
causes of groin injuries among footballers? ®
Too little training 57 (4.6) 61 (4.8) 118 (4.7)
Too much training 108 (8.7) 157 (12.5) 265 (10.6)
Too many matches 68 (5.5) 67(5.3) 135 (5.4)
Hard tackles 2(0.2) 4(0.3) 6(0.2)
Low muscle strength 302 (24.2) 275 (21.8) 577 (23.0)
Reduced mobility 273 (21.9) 256 (20.3) 529 (21.1)
Reduced recovery time between matches 96 (7.7) 91(7.2) 187 (7.5)
Artificial turf 212 (17.0) 250 (19.9) 462 (18.4)
Other 43 (3.5) 51 (4.0) 94 (3.8)
Missing 86 (6.9) 48 (3.8) 134 (5.4)

It is more important to use the training time
to play football than to conduct injury
prevention
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Fully agree 58 (22.7) 38 (15.4) 96 (19.2)

Agree 125 (49.0) 95 (38.6) 220 (43.9)
Not sure 32 (12.5) 43 (17.5) 75 (15.0)
Disagree 11 (4.3) 56 (22.8) 67 (13.4)
Totally disagree 2(0.8) 8(3.3) 10 (2.0)
Don’t know 19 (7.5) 3(1.2) 22 (4.4)
Missing 8(3.1) 3(1.2) 11(2.2)

The motivation of the coach affects the
players motivation to conduct prevention

exercises
Fully agree 58 (22.7) 50 (20.3) 108 (21.5)
Agree 125 (49.0) 133 (54.0) 258 (51.5)
Not sure 32 (12.5) 43 (17.5) 75 (15.0)
Disagree 11 (4.3) 11 (4.5) 22 (4.4)
Totally disagree 2(0.8) 2(0.8) 4(0.8)
Don't know 19 (7.5) 4(1.6) 23 (4.6)
Missing 8(3.1) 3(1.2) 11(2.2)

349 a Multiple responses possible. Total number of answers: Intervention n=1247; control n=1260; total n=2507.
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350 Table 3 Question and response from players regarding attitude of prevention measures in different staffs of the club. Data are presented as number of players (%)

Very positive Positive Neutral Negative Very negative Don't know Missing
How do you perceive the general attitude to
preventive measures in the following group in your
club?
Intervention (n=255)
Coaches 73 (28.6) 112 (43.9) 50 (19.6) 1(0.4) 0(0.0) 11 (4.3) 8(3.1)
Medical teams 90 (35.3) 101 (39.6) 28(11.0) 1(0.4) 0(0.0) 27 (10.6) 8(3.1)
Players 40 (15.7) 96 (37.6) 90 (35.3) 11 (4.3) 0(0.0) 9 (3.5) 9(3.5)
Administration 32(12.5) 39 (15.3) 60 (23.5) 1(0.4) 2(0.8) 112 (43.9) 9(3.5)
Control (n=246)
Coaches 54 (22.0) 112 (45.5) 57(23.1) 14 (5.7) 3(1.2) 3(1.2) 3(1.2)
Medical teams 85 (34.5) 100 (40.6) 39 (15.9) 6(2.4) 2(0.8) 11 (4.5) 3(1.2)
Players 30(12.2) 85 (34.5) 107 (43.5) 16 (6.5) 2(0.8) 3(1.2) 3(1.2)
Administration 21(8.5) 45(18.3)  92(37.4) 12 (4.9) 5 (2.0) 68 (27.7) 3(1.2)
Total (n=501)
Coaches 127 (25.4) 224 (44.7) 107 (21.4)  15(3.0) 3(0.6) 14 (2.8) 11(2.2)
Medical teams 175 (35.0) 201 (40.1) 67 (13.4) 7(1.4) 2 (0.4) 38(7.6) 11 (2.2)
Players 70 (14.0) 181 (36.1) 197(39.2) 27 (5.4) 2(0.4) 12 (2.4) 12 (2.4)
Administration 53 (10.6) 84(16.8)  152(30.3) 13 (2.6) 7 (1.4) 180 (36.0) 12 (2.4)

351
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352 Table 4 Questions and response from players from the intervention group (n=255) about the Adductor Strengthening
353 Programme.

Number of players (%)

Are you familiar with the Adductor Strengthening Programme intended
to prevent groin injuries?

Yes 242 (94.9)
No 6(2.4)
Don’t know 2(0.8)
Missing 5(2.0)

Do you believe that the Adductor Strengthening Programme can reduce
groin injuries?

Yes, definitely 137 (53.7)
Yes, somewhat 94 (36.9)
No, | don’t think so 6(2.4)
Don’t know 13 (5.0)
Missing 5(2.0)

Which players have primarily conducted the programme?

All or most players 134 (52.5)
Players with groin problems 30(11.8)
Players with previous groin problems 21(8.2)
No players 7(2.7)
Don’t know 56 (22)
Missing 7(2.7)

How has the execution of the programme been organized?

When the players wanted, but not connected to organized training 68 (26.7)
When the players wanted, but connected to organized training (before 55 (21.6)
or after training)

Together as a team connected to organized training 114 (44.7)
Don’t know 9(3.5)
Missing 9 (3.5)

Have you conducted the programme with the recommended

frequency?
More often 16 (6.3)
As recommended 101 (39.6)
Less often 114 (44.7)
Don't know 18 (7.0)
Missing 6(2.4)

How much time did you spend conducting the Adductor Strengthening

Programme?
0-5 min 185 (72.5)
5-10 min 53(20.8)

17



354

10-15 min
Don't know
Missing

Will you use the programme after the current season?
Yes, definitely
Yes, but not as frequently as this season
No
Don’t know
Missing

Do you think the motivation to perform the Adductor Strengthening
Programme would have been greater if the exercise was not a partner
exercise?

Yes, it is better to train alone

It does not matter

No, it is better to train with a team-mate

Don't know

Missing

Do you think the motivation to perform the programme would have
been greater if it had contained several exercises?

Yes, the more exercises the better

No, one exercise is sufficient

Don’t know

Missing

How would the motivation to perform the programme have changed if
it had taken less time?

It would have increased

It would have decreased

Don’t know

Missing

How would the motivation to perform the programme have changed if
it had taken more time?

It would have increased

It would have decreased

Don’t know

Missing

3(1.2)
9(3.5)
5(2.0)

79 (31.0)
86 (33.7)
49 (19.2)
40 (15.7)
1(0.4)

35(13.7)

119 (46.7)

77 (30.2)
20(7.8)
4(1.6)

29 (11.4)

170 (66.7)

51(20.0)
5(2.0)

90 (35.3)
7(2.7)
152 (59.6)
6(2.4)

20(7.8)
151 (59.2)
80 (31.4)

4(1.6)
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REK sor-gst Hege Holde Andersson 22845514 01.06.2015 2015/719
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24.03.2015

Var referanse ma oppgis ved alle henvendelser

Joar Hargy
Norges idrettshggskole

2015/719 Hva er omfanget av lyskeproblemer pa ulike niva og kjgnn i norsk fotball?

Forskningsansvarlig: Norges idrettshggskole
Prosjektleder: Joar Hargy

Vi viser til sgknad om forhandsgodkjenning av ovennevnte forskningsprosjekt. Sgknaden ble behandlet
11.05.2015 av leder og nestleder i Regional komité for medisinsk og helsefaglig forskningsetikk, sgr-gst B,
pa delegert fullmakt. Fullmakt ble gitt i komiteens mgte 06.05.2015.

Prosjektleders prosjektbeskrivelse

Formal med prosjektet er d undersgke omfanget av lyskeproblemer pa ulike niva og kjgnn i norsk fotball.
Resultatene vil ogsa benyttes for a avgjgre hvilket nivd, og kjgnn, en kommende intervensjonsstudie skal
gjennomfpres pa. Prosjektet er et delprosjekt av stgrre studie med formdl om a forebygge lyskeskader i
norsk fotball. Gjennomfgring av en prospektiv kohort studie pa ulike niva og kjpnn i norsk fotball. Totalt 15
lag, omtrent 300 spillere blir invitert til en 6 ukers studie med ukentlig besvarelse av OSTRC Overuse Injury
Questionnaire (for lyskeplager) gjennom SpartaNova app pa smartphone. Hovedutfallsmal vil veere
prevalens av lyskeproblemer ved ulike niva og kjgnn. Totalt antall skader og alvorlighetsgrad vil bli
presentert for hvert nivd.

Komiteens vurdering
Komiteen har ingen forskningsetiske innvendinger til at prosjektet gjennomfgres.

Vedtak
Komiteen godkjenner prosjektet i henhold til helseforskningsloven § 9 og § 33.
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Formélet med prosjektet er & underseke omfanget av lyskeproblemer pa ulike niva og kjenn i norsk fotball.
Resultatene vil ogsa benyttes for & avgjare hvilket niva, og kjenn, en kommende intervensjonsstudie skal
gjennomferes pa. Progjektet er et delprosjekt av starre studie med formal om a forebygge lyskeskader i norsk
fotball.
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REGIONALE KOMITEER FOR MEDISINSK OG HELSEFAGLIG FORSKNINGSETIKK

Q)REK

Region: Saksbehandler: Telefon: Var dato: Var referanse:
REK sor-gst Jakob Elster 22845530 19.11.2015 2015/1921
REK sor-gst B
Deres dato: Deres referanse:
22.09.2015

Var referanse ma oppgis ved alle henvendelser

Joar Hargy
Norges Idrettshggskole

2015/1921 Bgr Copenhagen adduction legges til The 11+

Forskningsansvarlig: Norges Idrettshggskole
Prosjektleder: Joar Hargy

Vi viser til sgknad om forhandsgodkjenning av ovennevnte forskningsprosjekt. Sgknaden ble behandlet av
Regional komité for medisinsk og helsefaglig forskningsetikk (REK sgr-gst) i mgtet

28.10.2015. Vurderingen er gjort med hjemmel i helseforskningsloven (hfl.) § 10, jf. forskningsetikkloven §
4.

Prosjektleders prosjektbeskrivelse

"Dette prosjektet bygger videre pa resultatene fra prevalensstudien som vist hgy forekomst av
lyskeproblemer pa flere niva i norsk fotball. Vi mener at The 11+ mangler gvelser som gker styrken i
hofteadduktorenen og gnsker derfor a underspke om 8 uker med The 11+ med copenhagen adduction kan gi
en styrkegkning i hofteadduktorene. Et eventuelt positivt resultat vil brukes til a anbefale at copenhagen
adduction bgr inn i the 11+. Vi gnsker a gjennomfgre en randomisert kontrollert studie med fotballspillere
som deltagere der en gruppe gjennomfgrer The 11+ som normalt tre ganger i uken, mens den andre
gruppen gjennomfgrer The 11+ der vi bytter nordic hamstrings med copenhagen adduction. Ogsa denne
gruppen gjennomfgrer tre ganger i uken. I begge gruppene vil en fysioterapeut sta for gjennomfgringen av
alle treningspktene. Alle deltagere vil for og etter treningsperioden bli testet i hamstringsstyrke (nordboard)
og styrke i hofteadduksjon (dynamometer) og 40m sprint."

Komiteens vurdering

Helseforskningsloven gjelder for medisinsk og helsefaglig forskning, det vil si «virksomhet som utfgres med
vitenskapelig metodikk for a skaffe til veie ny kunnskap om helse og sykdom», jf. helseforskningsloven § 2,
jf. § 4. Dette prosjektet skal prgve ut et nytt treningsprogram for unge fotballspillere og maler styrkeeffekt
som en fglge av dette. Formélet med prosjektet er & redusere omfanget av lyskeskade, og méling av styrke er
relevant, da redusert styrke i hofteadduktorer i henhold til sgknaden er en risikofaktor for lyskeskader. Siden
formalet med prosjektet er & undersgke effekten av at skadereduserende tiltak, anser komiteen at prosjektet
omfattes av helseforskningslovens virkeomrade.

Frivillighet
Deltakere i prosjektet er mannlige fotballspillere som er tilknyttet fotballklubb i junior interkrets (U19)
serie. Dette inkluderer deltakere mellom 16 og 18 ar. Man skal inkludere 40-50 deltakere.

Deltakerne rekrutteres ved at man inviterer to fotballklubber med 20-25 spillere hver til a delta. Det ser her
ut til at man regner med at alle som inviteres til & delta vil takke ja, i og med at man trenger 40-50 deltakere
og skal invitere to klubber med til sammen 40-50 deltakere. Nar spillerne rekrutteres via fotballklubben, kan

Besoksadresse: Telefon: 22845511 All post og e-post som inngar i Kindly address all mail and e-mails to
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det ogsa oppsta et visst press om a delta. Komiteen vil understreke at deltakelse i forskning skal vere
frivillig, og forutsetter at man bestreber seg pa & unnga enhver form for press pa fotballspillerne.

Under denne forutsetningen har prosjektet ingen forskningsetiske innvendinger til at prosjektet
gjennomfores.

Informasjons- og samtykkeskriv
Det vedlagte informasjons- og samtykkeskrivet bgr revideres pa enkelte punkter:

- Det star at studien er «en viktig brikke i arbeidet med & redusere omfanget av skulderproblemer». Dette ser
ikke ut til & passe med den aktuelle studien.

- Det star at hvis man trekker sitt samtykke, vil dette ikke fa konsekvenser for videre behandling. I og med at
det her ikke dreier seg om behandling, bgr dette endres.

- Det kreves ikke skriftlig samtykke fra foresatte, i og med at deltakerne er fylt 16 ar. Plass for underskrift
fra foresatt bgr derfor fjernes fra samtykkeskjemaet.

Ut fra dette setter komiteen fglgende vilkar for prosjektet:
- Informasjonsskrivet revideres i trad med komiteens merknader og sendes komiteen til orientering.

Vedtak
Komiteen godkjenner prosjektet i henhold til helseforskningsloven § 9 og § 33 under forutsetning av at
ovennevnte vilkar oppfylles.

I tillegg til ovennevnte vilkar, er godkjenningen gitt under forutsetning av at prosjektet gjennomfgres slik
det er beskrevet i sgknaden.

Tillatelsen gjelder til 01.08.2016. Av dokumentasjonshensyn skal opplysningene likevel bevares inntil
01.08.2021. Opplysningene skal lagres avidentifisert, dvs. atskilt i en ngkkel- og en opplysningsfil.
Opplysningene skal deretter slettes eller anonymiseres, senest innen et halvt ar fra denne dato.

Forskningsprosjektets data skal oppbevares forsvarlig, se personopplysningsforskriften kapittel 2, og
Helsedirektoratets veileder ”Personvern og informasjonssikkerhet i forskningsprosjekter innenfor helse- og
omsorgssektoren”

Sluttmelding og spknad om prosjektendring

Dersom det skal gjgres endringer i prosjektet i forhold til de opplysninger som er gitt i sgknaden, ma
prosjektleder sende endringsmelding til REK. Prosjektet skal sende sluttmelding pa eget skjema, se
helseforskningsloven § 12, senest et halvt ar etter prosjektslutt.

Klageadgang

Du kan klage pa komiteens vedtak, jf. forvaltningslovens § 28 flg. Klagen sendes til REK sgr-gst B.
Klagefristen er tre uker fra du mottar dette brevet. Dersom vedtaket opprettholdes av REK sgr-gst B, sendes
klagen videre til Den nasjonale forskningsetiske komité for medisin og helsefag for endelig vurdering.

Komiteens avgjgrelse var enstemmig.

Med vennlig hilsen

Grete Dyb
fersteamanuensis dr. med.
leder REK s¢gr-gst B

Jakob Elster
Seniorradgiver



Kopi til:
- Norges idrettshggskole ved pverste administrative ledelse
- Professor Roald Bahr, Norges Idrettshggskole



Norsk samfunnsvitenskapelig datatjeneste AS
NORWEGIAN SOCIAL SCIENCE DATA SERVICES

Harald Harfagres gate 29

N-5007 Bergen
Norway
Tel: +47-5558 21 17

]oar Hamy Fax: +47-55 58 96 50
Seksjon for idrettsmedisinske fag Aet@nsciugno

. www.nsd.uib.no
Norges idtettshagskole Org.nr. 985 321 884
Postboks 4014 Ulleval Stadion
0806 OSLO
Var dato: 27.11.2015 Var ref: 45393/3/LT/LR Deres dato: Deres ref:

AVSLUTTET SAKSBEHANDLING

Personvernombudet for forskning viser til meldeskjema mottatt 28.10.2015, samt godkjenning fra
Regional komité for medisinsk og helsefaglig forskningsetikk, REK sor-ost B mottatt 24.11.2015 for
prosjektet;

45393 Bor Copenhagen adduction inkiuderes i FIFA 11+7

Personvernombudet tar il orientering at prosjektet faller inn under helseforskningslovens
bestemmelset, og at prosjektet er godkjent av REK sor-gst B.

Personvernombudet avslutter dermed saksbehandlingen av meldingen uten i realitetsbehandle denne.
Vi avslutter ogs4 all videre oppfelgning av ptosjektet.

Ta gjerne kontakt dersom noe er uklart.

Vennlig hilsen

i

Kaﬁine Utaaler Segadal

Kopi: Seksjon for idrettsmedisinske fag, Norges idrettshagskole

Avdelingskontorer / District Offices:
OSLO: NSD. Universitetet i Oslo, Postboks 1055 Blindern, 0316 Oslo, Tel: +47-22 85 52 11. nsd@uio.no
TRONDHEIM: NSD. Norges teknisk-naturvitenskapelige universitet, 7491 Trondheim, Tel: +47-73 59 19 07. kyrre.svarva@svt.ntnu.no
TROMS@: NSD, HSL, Universitetet i Tromsg, 9037 Tromse. Tel: +47-77 64 61 53, solvi anderssen@uit no
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b REGIONALE KOMITEER FOR MEDISINSK OG HELSEFAGLIG FORSKNINGSETIKK

Region: Saksbehandler: Telefon: Var dato: Var referanse:
REK sor-gst Jakob Elster 22845530 19.11.2015 2015/1922
REK sor-gst B
Deres dato: Deres referanse:
22.09.2015

Var referanse ma oppgis ved alle henvendelser

Joar Hargy
Norges Idrettshggskole

2015/1922 Forebygging av lyskeproblem i Norsk fotball. En klusterrandomisert kontrollert studie

Forskningsansvarlig: Norges Idrettshggskole
Prosjektleder: Joar Hargy

Vi viser til sgknad om forhandsgodkjenning av ovennevnte forskningsprosjekt. Sgknaden ble behandlet av
Regional komité for medisinsk og helsefaglig forskningsetikk (REK sgr-gst) i mgtet

28.10.2015. Vurderingen er gjort med hjemmel i helseforskningsloven (hfl.) § 10, jf. forskningsetikkloven §
4.

Prosjektleders prosjektbeskrivelse

Dette prosjektet vil veere en viderefgring av resultatene fra studien som ble gjennomfgrt pa flere niva og
begge kjgnn i norsk fotball i vdarsesongen 2015. Det ble her avdekket at lyskeproblemer er et utbredt
problem, og tiltak for da forebygge lyskeproblemer bgr iverksettes. I lppet av perioden hadde 30% av
spillerne symptomer fra lysken. De oppgav at de mdtte redusere treningsmengden og opplevde at de ikke
presterte optimalt. Fra tidligere studier vet vi ogsa at redusert styrke i hofteadduktorene er assosiert med
lyskeproblemer. Vi gnsker derfor d folge opp disse resultatene og undersgke effekten av et
forebyggingsprogram pa utbredelsen av lyskeproblemer blant mannlige fotballspillere. Resultatene fra dette
prosjektet vil veere til stor nytte for norsk fotball, da lyskeplager er et utbredt problem i fotball, pa ulike
niva.

Komiteens vurdering
Redegjprelse for prosjektet

Deltakere i prosjektet er mannlige fotballspillere fra klubber i 2. divisjon. Dette inkluderer deltakere
mellom 16 og 18 ar. Man skal inkludere 800-900 deltakere. Prosjektet innebzrer en klyngerandomisering av
fotballag til enten & trene som vanlig eller 4, i tillegg til vanlig trening, bruke gvelsen «The Copenhagen
Adduction». Studien foregar fra februar til november i 2016-sesongen. Deltakerene skal ukentlig fylle ut
sporreskjema om skade. Alle spillere som rapporterer betydelige lyskeplager i to pafglgende uker vil fa
tilbud om & gjennomga en hofte/lyskeundersgkelse hos en spesialist for a legge tilrette for tilbake til idrett.

Faller prosjektet inn under helseforskningslovens virkeomrade ?

Helseforskningsloven gjelder for medisinsk og helsefaglig forskning, det vil si «virksomhet som utfgres med
vitenskapelig metodikk for a skaffe til veie ny kunnskap om helse og sykdom», jf. helseforskningsloven § 2,
jf. § 4. Dette prosjektet skal prgve ut et nytt treningsprogram for fotballspillere og skal registrere omfang av
lyskeskade ved hjelp av et spgrreskjema. Siden formélet med prosjektet er & undersgke effekten av at
skadereduserende tiltak, anser komiteen at prosjektet omfattes av helseforskningslovens virkeomrade.

Besoksadresse: Telefon: 22845511 All post og e-post som inngar i Kindly address all mail and e-mails to
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Frivillighet

I og med at spillerne rekrutteres via fotballklubber, kan det ogsé oppsta et visst press om a delta. Komiteen
vil understreke at deltakelse i forskning skal vere frivillig, og forutsetter at man bestreber seg pa a unnga
enhver form for press pa fotballspillerne.

Under denne forutsetningen har prosjektet ingen forskningsetiske innvendinger til at prosjektet
gjennomfgres.

Oppbevaring av opplysninger

Det er lagt ved sgknaden et skjema som heter «Personlige opplysning» , som deltakerne skal fylle ut, og
hvor de blant annet skal fgre opp hgyde, vekt og om de har hatt tidligere lyskeskade. Pa samme skjema skal
deltakerne fgre opp navn, e-post og telefonnummer.

Komiteen gjgr oppmerksom pa at helseopplysninger som innsamles og oppbevares i et forskningsprosjekt
ikke skal oppbevares med en stgrre grad av personidentifikasjon enn det som er ngdvendig for & oppna
prosjektets formal, jf. helseforskningsloven § 32. Opplysninger om deltakerne skal derfor fylles ut pa et
skjema som kun inneholder et Igpenummer, og ikke direkte personidentifiserende opplysninger.
Koblingsngkkelen bgr oppbevares separat fra disse skjemaene.

Informasjons- og samtykkeskriv
Det vedlagte informasjons- og samtykkeskrivet bgr revideres pa enkelte punkter:

- Det star at studien er «en viktig brikke i arbeidet med a redusere omfanget av skulderproblemer». Dette ser
ikke ut til & passe med den aktuelle studien.

- Det star at hvis man trekker sitt samtykke, vil dette ikke fa konsekvenser for videre behandling. I og med at
det her ikke dreier seg om behandling, bgr dette endres.

Ut fra dette setter komiteen fglgende vilkar for prosjektet:
- Informasjonsskrivet revideres i trad med komiteens merknader og sendes komiteen til orientering.

® Alle innsamlede opplysninger skal lagres avidentifisert, og ikke sammen med direkte
personidentifiserende opplysninger.

Vedtak
Komiteen godkjenner prosjektet i henhold til helseforskningsloven § 9 og § 33 under forutsetning av at
ovennevnte vilkar oppfylles.

I tillegg til ovennevnte vilkar, er godkjenningen gitt under forutsetning av at prosjektet gjennomfgres slik
det er beskrevet 1 sgknaden.

Tillatelsen gjelder til 15.11.2016. Av dokumentasjonshensyn skal opplysningene likevel bevares inntil
15.11.2021. Opplysningene skal lagres avidentifisert, dvs. atskilt i en ngkkel- og en opplysningsfil.
Opplysningene skal deretter slettes eller anonymiseres, senest innen et halvt ar fra denne dato.

Forskningsprosjektets data skal oppbevares forsvarlig, se personopplysningsforskriften kapittel 2, og
Helsedirektoratets veileder ”Personvern og informasjonssikkerhet i forskningsprosjekter innenfor helse- og
omsorgssektoren”

Klageadgang
Du kan klage pa komiteens vedtak, jf. forvaltningslovens § 28 flg. Klagen sendes til REK sgr-gst B.
Klagefristen er tre uker fra du mottar dette brevet. Dersom vedtaket opprettholdes av REK sgr-gst B, sendes



klagen videre til Den nasjonale forskningsetiske komité for medisin og helsefag for endelig vurdering.
Komiteens avgjgrelse var enstemmig.

Sluttmelding og sgknad om prosjektendring

Prosjektleder skal sende sluttmelding til REK sgr-gst pa eget skjema senest 15.05.2017, jf. hfl. §

12. Prosjektleder skal sende sgknad om prosjektendring til REK sgr-gst dersom det skal gjgres vesentlige
endringer i forhold til de opplysninger som er gitt i sgknaden, jf. hfl. § 11.

Klageadgang

Du kan klage pa komiteens vedtak, jf. forvaltningsloven § 28 flg. Klagen sendes til REK sgr-gst.
Klagefristen er tre uker fra du mottar dette brevet. Dersom vedtaket opprettholdes av REK sgr-gst, sendes
klagen videre til Den nasjonale forskningsetiske komité for medisin og helsefag for endelig vurdering.

Med vennlig hilsen

Grete Dyb
fgrsteamanuensis dr. med.
leder REK s¢gr-gst B

Jakob Elster
Seniorradgiver

Kopi til:
- Norges idrettshpgskole ved pverste administrative ledelse
- Professor Roald Bahr, Norges Idrettshggskole



Emne: Sv: RE: REK sgr-gst Informasjon om vedtak(2015/1922-3)
Fra: post@helseforskning.etikkom.no

Dato: 26.11.2015 10:06

Til: joar.haroy @nih.no

Kopi: roald.bahr @nih.no

Hei Joar

Vi viser til din e-post innsendt 24.11.2015, inkludert revidert informasjonsskriv. Komiteen tar til orientering at vilkar for
godkjenning na er oppfylt.

Med vennlig hilsen

Harsha

Harsha Gajjar Mikkelsen

Seniorkonsulent

Regional komité for medisinsk forskningsetikk sgr-gst Norge (REK Sgr-@st)
T:+4722845513

Emne: RE: REK sgr-gst Informasjon om vedtak(2015/1922-3)
Fra: joar.haroy @nih.no

Dato: 24.11.2015 10:44:29

Til: post@helseforskning.etikkom.no

Kopi:

Hei.

Sender revidert informasjonsskriv som gnsket.

Med vennlig hilsen

Joar Hargy, spesialist i idrettsfysioterapi MSc

PhD kandidat

Norges Idrettshggskole

Seksjon for idrettsmedisinske fag
Senter for idrettsskadeforskning
Postboks 4014 Ullevall Stadion
0806 Oslo, Norway

Mob: +47 97 19 54 35



joar.haroy@nih.no | www.klokeavskade.no

From: post@helseforskning.etikkom.no [mailto:post@helseforskning.etikkom.no]
Sent: 20. november 2015 11:29

To: Joar Hargy <joar.haroy@nih.no>

Cc: Roald Bahr <roald.bahr@nih.no>; postmottak <postmottak@nih.no>

Subject: REK sgr-gst Informasjon om vedtak(2015/1922-3)

Vedlagt fglger brev fra REK sgr-gst.

Vennlig hilsen

Harsha Gajjar Mikkelsen
REK sgr-gst

Forespgrsel om deltakelse i lyskeprosjektet spillere.pdf



Norsk samfunnsvitenskapelig datatjeneste AS
NORWEGIAN SOCIAL SCIENCE DATA SERVICES

Joar Haroy

Seksjon for idrettsmedisinske fag
Norges idrettshagskole
Postboks 4014 Ulleval Stadion
0806 OSLO

Var dato: 27.11.2015 Vér ref: 45388/3/LTAR Deres dato: Deres ref:

AVSLUTTET SAKSBEHANDLING

Harald Harfagres gate 29
N-5007 Bergen
Norway
Tel: +47-5558 21 17
Fax: +47-55 58 96 50
nsd@nsd.uib.no
www.nsd.uib.no
Org.nr. 985 321 884

Personvernombudet for forskning viser til meldeskjema mottatt 28.10.2015, samt godkjenning fra
Regional komité for medisinsk og helsefaglig forskningsetikk, REK set-est B mottatt 24.11.2015 for

prosjektet;

45388  Forebygging av lyskeproblemer blant fothallspillere - En randomisert kontrollert studie

Personvernombudet tar til orienteting at prosjektet faller inn under helseforskningslovens

bestemmelser, og at prosjektet et godkjent av REK sot-ost B.

Personvernombudet avslutter dermed saksbehandlingen av meldingen uten 4 realitetsbehandle denne.

Vi avslutter ogsé all videre oppfolgning av prosjektet.

Ta gjerne kontakt detsom noe er uklart.

Vennlig hilsen

g .
Katrine Utaaker Segadal Oé’q f/"-’ﬂé

Lis Tenold

Kopi: Seksjon for idrettsmedisinske fag, Notges idtettshagskole

Avdelingskontorer / District Offices:
OSLO: NSD. Universitetet i Oslo, Postboks 1055 Blindern, 0316 Oslo, Tel: +47-22 85 52 11. nsd@uio.no
TRONDHEIM: NSD. Norges teknisk-naturvitenskapelige universitet, 7491 Trondheim. Tel: +47-73 59 19 07. kyrre.svarva@svt.ntnu.no
TROMS@: NSD. HSL, Universitetet i Tromsa, 9037 Tromse. Tel: +47-77 64 61 53. solvi.anderssen@uit.no
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Q)REK

REGIONALE KOMITEER FOR MEDISINSK OG HELSEFAGLIG FORSKNINGSETIKK

Region: Saksbehandler: Telefon: Var dato: Var referanse:
REK sor-gst Mariann Glenna 22845526 08.09.2016 2015/1922/REK sgr-gst
Davidsen B
Deres dato: Deres referanse:
04.09.2016
Joar Hargy

Norges Idrettshagskole . . .
Var referanse méa oppgis ved alle henvendelser

2015/1922 Forebygging av lyskeproblem i Norsk fotball. En klusterrandomisert kontrollert studie

Forskningsansvarlig: Norges Idrettshggskole
Prosjektleder: Joar Hargy

Vi viser til endringsmelding av 19.08.2016, og utsettende vedtak fra REK sgr-gst datert
02.09.2016. Sgknaden er behandlet av leder for REK sgr-gst pa fullmakt, med hjemmel i
helseforskningsloven § 11

De omsgkte endringene gjengis her:

"En mastergrad student involvert i prosjektet gnsker skal pa vart initiativ innhente informasjon om spillernes
gjennomfpring av prosjektet og holdninger til skadeforebyggende arbeid. Dette gnsker vi a gjennomfpre ved

a be hver enkelt spiller gjennomfgre en spgrreundersgkelse (etter mal fra tidligere et tidligere studie) rett for
sesongslutt. Vi planlegger a bespke hver enkelt fremofor utsendelse pa mail."

Komiteens vurdering
Komiteen skrev i sin tilbakemelding til prosjektleder at det matte utarbeides et informasjonsskriv samt
innhentes samtykke til denne delstudien.

Prosjektleder har na utarbeidet et informasjon- og samtykkeskriv som er gjennomgatt av komiteen.

Samtykkeskrivet synes dekkende. Komiteen har ingen innvendinger til at prosjektet gjennomfgres slik det na
fremstilles.

Vedtak:
Komiteen har vurdert endringsmeldingen og godkjenner prosjektet slik det na foreligger med hjemmel i
helseforskningsloven § 11.

Godkjenningen er gitt under forutsetning av at prosjektet gjennomfgres slik det er beskrevet i
endringsmeldingen.

Komiteens vedtak kan paklages til Den nasjonale forskningsetiske komité for medisin og helsefag, jf.
Forvaltningslovens § 28 flg. Eventuell klage sendes til REK Sgr-gst. Klagefristen er tre uker fra mottak av
dette brevet.

Vi ber om at alle henvendelser sendes inn via var saksportal: http://helseforskning.etikkom.nd eller pa e-post
til post@helseforskning.etikkom.no.

Vennligst oppgi vart referansenummer i korrespondansen.

Besoksadresse: Telefon: 22845511 All post og e-post som inngar i Kindly address all mail and e-mails to
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Web: http:/helseforskning.etikkom.no/ sar-ost og ikke til enkelte personer ser-gst, not to individual staff


http://helseforskning.etikkom.no/

Med vennlig hilsen

Grete Dyb
professor, dr. med.
leder REK sgr-gst B

Kopi til:
- Norges idrettshpgskole ved pverste administrative ledelse
- Professor Roald Bahr, Norges Idrettshggskole

Mariann Glenna Davidsen
radgiver



Norsk samfunnsvitenskapelig datatjeneste AS
NORWEGIAN SOCIAL SCIENCE DATA SERVICES

Joar Haroy

Seksjon for idrettsmedisinske fag
Norges idrettshagskole
Postboks 4014 Ulleval Stadion
0806 OSLO

Var dato: 27.11.2015 Vér ref: 45388/3/LTAR Deres dato: Deres ref:

AVSLUTTET SAKSBEHANDLING

Harald Harfagres gate 29
N-5007 Bergen
Norway
Tel: +47-5558 21 17
Fax: +47-55 58 96 50
nsd@nsd.uib.no
www.nsd.uib.no
Org.nr. 985 321 884

Personvernombudet for forskning viser til meldeskjema mottatt 28.10.2015, samt godkjenning fra
Regional komité for medisinsk og helsefaglig forskningsetikk, REK set-est B mottatt 24.11.2015 for

prosjektet;

45388  Forebygging av lyskeproblemer blant fothallspillere - En randomisert kontrollert studie

Personvernombudet tar til orienteting at prosjektet faller inn under helseforskningslovens

bestemmelser, og at prosjektet et godkjent av REK sot-ost B.

Personvernombudet avslutter dermed saksbehandlingen av meldingen uten 4 realitetsbehandle denne.

Vi avslutter ogsé all videre oppfolgning av prosjektet.

Ta gjerne kontakt detsom noe er uklart.

Vennlig hilsen

g .
Katrine Utaaker Segadal Oé’q f/"-’ﬂé

Lis Tenold

Kopi: Seksjon for idrettsmedisinske fag, Notges idtettshagskole

Avdelingskontorer / District Offices:
OSLO: NSD. Universitetet i Oslo, Postboks 1055 Blindern, 0316 Oslo, Tel: +47-22 85 52 11. nsd@uio.no
TRONDHEIM: NSD. Norges teknisk-naturvitenskapelige universitet, 7491 Trondheim. Tel: +47-73 59 19 07. kyrre.svarva@svt.ntnu.no
TROMS@: NSD. HSL, Universitetet i Tromsa, 9037 Tromse. Tel: +47-77 64 61 53. solvi.anderssen@uit.no
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o SENTER FOR

?NORGES IDRETTSHBGSKOLE Idrettsskadeforskning

Forespgrsel om deltakelse i forskningsprosjektet

“Omfang av lyskeskader pa ulike nivd i norsk fotball -
En prospektiv kohortstudie"

Bakgrunn for prosjektet

Lyskeskader i fotball har over lang tid veert et aktuelt tema. Dette skyldes fgrst og fremst det
store omfanget med til tider langvarige skadeforlgp. Vi har gkt kunnskap om risikofaktorer for
lyskeskader, men vi mangler informasjon om omfang og alvorlighetsgrad. Denne informasjonen
er viktig nar vi forsgker a forebygge skader, spesielt for a vite hvilket niva som har stgrst nytte
av forebyggende trening, men ogsa for & kunne utvikle et mest mulig effektivt treningsprogram.

Senter for idrettsskadeforskning er en forskningsgruppe bestaende av fysioterapeuter, leger og
biomekanikere med erfaring og kunnskap innen idrettsmedisin. Senteret har som formal a
forebygge skader og andre helseproblemer i idrett med spesiell satsning pa fotball, hdndball og
ski/snowboard. Denne studien er en viktig brikke for & undersgke omfanget av lyskeskader
fotball, og pa hvilket niva problemet er stgrst. Resultatene fra dette prosjektet skal bidra til
innfgring av et skadeforebyggende treningsprogram i 2016 sesongen, med mal om & redusere
antall lyskeskader i fotball.

Gjennomfgring av prosjektet

Vi inviterer klubber fra Tippeligaen, Toppserien, OBOS-ligaen, Oddsen-ligaen, 3. divisjon og U19
interkrets til 4 delta pa en skaderegistrering over 6 uker i mai og juni 2015. Vi ber deg om 3 laste
ned SpartaNova, i App-store eller Google Play, pa din smarttelefon og logge inn med tildelt
brukernavn og passord.

Hver uke kommer et push-varsel med link til spgrreskjema du skal fylle ut. Det bestar av fire
spgrsmal om lyskeplager, spgrsmal om treningsmengde og eventuelle skader forrige uke.
Utfylling av skjemaet tar maksimalt fem minutter. Dersom det er usikkerhet omkring
rapporterte skader vil vi kontakte deg pa telefon. I tillegg vil du ved oppstart fi utdelt et skjema
der vi spgr om spillerposisjon, dominant bein (skuddbein), antall ar som seniorspiller, posisjon,
tidligere skader samt alder, hgyde og vekt.

Hva skjer med informasjonen om deg?

Informasjonen som registreres om deg skal kun brukes slik som beskrevet i hensikten med
studien. Alle opplysningene vil bli behandlet uten navn og fgdselsnummer eller andre direkte
gjenkjennende opplysninger. En kode knytter deg til dine opplysninger gjennom en navneliste.
Det er kun autorisert personell knyttet til prosjektet som har adgang til navnelisten og som kan
finne tilbake til deg. Det vil ikke vaere mulig a identifisere deg i resultatene av studien nar disse
publiseres. Datamaterialet anonymiseres innen prosjektslutt den 01.06.2018.

Angrer du?

Det er frivillig & delta i studien. Du kan nar som helst og uten 4 oppgi noen grunn trekke ditt
samtykke til & delta i studien. Dette vil ikke fa konsekvenser for din videre behandling. Dersom
du gnsker & delta, undertegner du samtykkeerklaeringen pa siste side. Om du na sier ja til & delta,
kan du senere trekke tilbake ditt samtykke uten at det pavirker din gvrige behandling.

Spgrsmal?

Ring gjerne til Joar Hargy, tlf.: 971 95 435 hvis du har spgrsmal om prosjektet, eller send e-post
til joar.haroy@nih.no. Ferdig utfylte skjema om personopplysning og samtykkeerkleaering
returneres til Norges idrettshggskole Seksjon for idrettsmedisinske fag v/Joar Hargy, Postboks
4014 Ulleval Stadion

0806 Oslo.


mailto:joar.haroy@nih.no

o SENTER FOR

?NORGES IDRETTSHBGSKOLE Idrettsskadeforskning

“Omfang av lyskeskader pa ulike niva i norsk fotball -
En prospektiv kohortstudie”

SAMTYKKEERKLARING

Jeg har mottatt skriftlig og muntlig informasjon om studien Omfang av lyskeskader pd ulike nivad i
norsk fotball - En prospektiv kohortstudie. Jeg er Klar over at jeg kan trekke meg pa et hvilket som
helst tidspunkt.

E-postadresse (blokkbokstaver)
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o SENTER FOR

?NORGES IDRETTSHBGSKOLE Idrettsskadeforskning

FORESP@RSEL OM DELTAKELSE | PROSJEKTET:

”’Bgr Copenhagen adduction legges til i 11+?
- En randomisert kontrollert studie”

Bakgrunn for prosjektet

Lyskeproblemer i fotball har over lang tid veert et aktuelt tema béade i media og i
forskningssammenheng. | en kartleggingsstudie vi gjennomfarte pa ulike niva og begge
kjgnn i lgpet av varsesongen i 2015 fikk vi bekreftet at lyskeproblemer er et utbredt
problem, og at forebyggende tiltak er nadvendig. | lapet av sesongen hadde
gjennomsnittlig 30% av spillerne, pa alle niva, symptomer fra lysken. De oppgav at de
matte redusere treningsmengden og opplevde at de ikke presterte optimalt. Formalet med
det kommende prosjektet vil veere a fglge opp disse resultatene og undersgke om
oppvarmingsprogrammet "11+" har med gvelser som bidrar til & gke styrken i
lyskemuskulaturen. Resultatene fra denne undersgkelsen vil veere til stor nytte for norsk
fotball, da "11+" benyttes til oppvarming i mange klubber pa ulike niva.

Senter for idrettsskadeforskning er en forskningsgruppe bestaende av fysioterapeuter,
kirurger og biomekanikere med kunnskap innen idrettsmedisin. Var hovedmalsetting er &
forebygge skader i norsk idrett, med spesiell satsning pa handball, fotball, ski og
snowboard. Denne studien er en viktig brikke i arbeidet med & redusere omfanget av
lyskeproblemer. Vi gnsker nd & undersgke effekten av et forebyggingsprogram som har til
hensikt a redusere utbredelsen av lyskeproblemer i norsk fotball.

Gjennomfgring av prosjektet

Vi gnsker at du som spiller i junior interkrets deltar i denne studien, og deltakelsen er
frivillig. | lgpet av en trening i sesongoppkjgring til 2016 sesongen vil vi gjennomfgre tester
for & male styrken i muskulatur rundt hofteleddet samt 40m sprinttest. Testing vil ta ca. 1
time og bli gjennomfart pd samme mate ogsa etter at prosjektet er avsluttet om 8 uker. |
tillegg vil laget 3 ganger i uken gjennomfgre "11+" som oppvarming far trening.

Hva skjer med informasjonen om deg?

Vi vil etter den 8 ukers treningsperioden undersgke om det er forskjell i styrke og hurtighet
for og etter laget benyttet "11+" til oppvarming. Informasjonen som registreres om deg skal
kun brukes slik som beskrevet i hensikten med studien. Alle opplysningene vil bli behandlet
uten navn og fadselsnummer eller andre direkte gjenkjennende. Dataene vil bli behandlet
konfidensielt, kun i forskningsgyemed og vil bli anonymisert ved prosjektets slutt,
01.08.2018. Alle som deltar i gjennomfgring av prosjektet og forskere som benytter
dataene er underlagt taushetsplikt.

Angrer du?

Det er frivillig & delta i studien. Du kan nar som helst og uten & oppgi noen grunn trekke
ditt samtykke til & delta i studien. Dersom du gnsker & delta, undertegner du
samtykkeerkleeringen pa siste side. Om du na sier ja til & delta, kan du senere trekke
tilbake ditt samtykke uten at det pavirker din gvrige behandling.

Spgrsmal?
Ring gjerne til Joar Hargy, tIf.: 971 95 435 dersom du har spgrsmal om prosjektet, eller
send e-post til joar.haroy@nih.no.



mailto:joar.haroy@nih.no

. SENTER FOR .
?NORGES IDRETTSHBGSKOLE Idrettsskadeforsknlng

”’Bgr Copenhagen adduction legges til i 11+?
- En randomisert kontrollert studie”

SAMTYKKEERKLARING

Jeg har mottatt skriftlig og muntlig informasjon om studien ”Bgr Copenhagen adduction
legges til i 11+? - En randomisert kontrollert studie™.
Jeg er klar over at jeg kan trekke meg pa et hvilket som helst tidspunkt.

E-post adresse
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. SENTER FOR .
?NORGES IDRETTSHBGSKOLE Idrettsskadeforsknlng

FORESP@RSEL OM DELTAKELSE | PROSJEKTET:

”” Forebygging av lyskeproblemer blant fotballspillere
- En randomisert kontrollert studie”

Bakgrunn for prosjektet

Lyskeproblemer i fotball har over lang tid veert et aktuelt tema béade i media og i
forskningssammenheng. | en kartleggingsstudie vi gjennomfarte pa ulike niva og begge
kjgnn i lgpet av varsesongen i 2015 fikk vi bekreftet at lyskeproblemer er et utbredt
problem, og at forebyggende tiltak er nadvendig. | lapet av sesongen hadde
gjennomsnittlig 30% av spillerne, pa alle niva, symptomer fra lysken. De oppgav at de
matte redusere treningsmengden og opplevde at de ikke presterte optimalt. Formalet med
det kommende prosjektet vil vaere a fglge opp disse resultatene og undersgke effekten av
et forebyggingsprogram pa utbredelsen av lyskeproblemer blant fotballspillere.
Resultatene fra denne undersgkelsen vil vaere til stor nytte for norsk fotball, da
lyskeproblemer er et utbredt problem i fotball, i alle aldersklasser.

Senter for idrettsskadeforskning er en forskningsgruppe bestaende av fysioterapeuter,
kirurger og biomekanikere med kunnskap innen idrettsmedisin. Var hovedmalsetting er &
forebygge skader i norsk idrett, med spesiell satsning pa handball, fotball, ski og
snowboard. Denne studien er en viktig brikke i arbeidet med & redusere omfanget av
lyskeproblemer. Vi gnsker nd & undersgke effekten av et forebyggingsprogram som har til
hensikt & redusere utbredelsen av lyskeproblemer i norsk fotball.

Gjennomfgring av prosjektet

Vi gnsker at du som spiller i OBOS-ligaen eller PostNord-ligaen deltar i denne studien, og
deltakelsen er frivillig. | sesongoppkjgring til 2016 sesongen vil vi besgke alle klubbene, og
spillerne i halvparten av klubbene vil bli instruert i et forebyggende treningsprogram mot
lyskeproblemer. Gjennom hele 2016 sesongen vil du hver uke motta spgrreskjema gjennom
en app pa din smarttelefon. Spgrreskjemaet bestar av fire spgrsmal om lyskeplager,
spgrsmal om treningsmengde og eventuelle skader forrige uke. Utfylling av skjemaet tar
omtrent 1-2 minutter.

Hva skjer med informasjonen om deg?

Vi vil den neste sesongen felge opp alle lag og spillere for a registrere alle lyskeproblemer
som oppstar. Informasjonen som registreres om deg skal kun brukes slik som beskrevet i
hensikten med studien. Alle opplysningene vil bli behandlet uten navn og fedselsnummer
eller andre direkte gjenkjennende. Dataene vil bli behandlet konfidensielt, kun i
forskningsayemed og vil bli anonymisert ved prosjektets slutt, 01.08.2018. Alle som deltar i
giennomfaring av prosjektet og forskere som benytter dataene er underlagt taushetsplikt.

Angrer du?

Det er frivillig & delta i studien. Du kan nar som helst og uten a oppgi noen grunn trekke
ditt samtykke til & delta i studien. Dersom du gnsker & delta, undertegner du
samtykkeerklaeringen pa siste side. Om du né sier ja til & delta, kan du senere trekke
tilbake ditt samtykke uten at det pavirker din gvrige behandling.

Spgrsmal?
Ring gjerne til Joar Hargy, tIf.: 971 95 435 dersom du har spgrsmal om prosjektet, eller
send e-post til joar.haroy@nih.no.



mailto:joar.haroy@nih.no

. SENTER FOR .
?NORGES IDRETTSHBGSKOLE Idrettsskadeforsknlng

> Forebygging av lyskeproblemer blant fotballspillere
- En randomisert kontrollert studie”

SAMTYKKEERKLARING

Jeg har mottatt skriftlig og muntlig informasjon om studien Forebygging av lyskeproblemer
blant fotballspillere -En randomisert kontrollert studie.
Jeg er klar over at jeg kan trekke meg pa et hvilket som helst tidspunkt.

E-post adresse
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. SENTER FOR .
?NORGES IDRETTSHBGSKOLE Idrettsskadeforsknlng

FORESP@RSEL OM DELTAKELSE | PROSJEKTET:

”” Forebygging av lyskeproblemer blant fotballspillere
- Gjennomfering av prosjektet og holdninger til skadeforebyggende arbeid’’

Bakgrunn for prosjektet

Lyskeproblemer i fotball har over lang tid veert et aktuelt tema béade i media og i
forskningssammenheng. | en kartleggingsstudie vi gjennomfarte pa ulike niva og begge
kjgnn i lgpet av varsesongen i 2015 fikk vi bekreftet at lyskeproblemer er et utbredt
problem, og at forebyggende tiltak er nadvendig. | lapet av en seksukersperiode hadde
gjennomsnittlig 28% av spillerne, pa alle niva, symptomer fra lysken. Gjennom 2016
sesongen har du deltatt i "Forebygging av lyskeproblemer blant fotballspiller”
(lyskeprosjektet), et prosjekt med mal om & forebygge lyskeproblemer i fotball. Formalet
med det kommende delprosjektet vil vaere & undersgke gjennomfaringen av
lyskeprosjektet og holdninger til skadeforebyggende arbeid. Resultatene vil gi viktig
informasjon om implementeringen og gjennomfgringen av lyskeprosjektet samt i
planlegging av nye intervensjoner som har til hensikt & forebygge skader i fotball og andre
idretter.

Senter for idrettsskadeforskning er en forskningsgruppe bestaende av fysioterapeuter,
kirurger og biomekanikere med kunnskap innen idrettsmedisin. Var hovedmalsetting 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 & redusere omfanget av
lyskeproblemer. Vi gnsker na & undersgke effekten av et forebyggingsprogram som har til
hensikt & redusere utbredelsen av lyskeproblemer i norsk fotball.

Gjennomfgring av prosjektet

Vi gnsker at du som har deltatt i prosjektet "Forebygging av lyskeproblemer blant
fotballspiller" deltar i dette delprosjektet, og deltagelse er frivillig. Du vil bli bedt om &
svare pa et sparreskjema med spgrsmal om gjennomfaringen av lyskeprosjektet og
holdninger til skadeforebyggende arbeid. Undersgkelsen vil bli gjennomfart i lgpet av de
siste ukene av 2016 sesongen ved at vi kommer ut til klubben. Selve utfyllingen av
spgrreskjemaet vil ta ca. 5-10 minutter.

Hva skjer med informasjonen om deg?

Informasjonen som registreres om deg skal kun brukes slik som beskrevet i hensikten med
studien. Alle opplysningene vil bli behandlet uten navn og fadselsnummer eller andre
direkte gjenkjennende. Dataene vil bli behandlet konfidensielt, kun i forskningsgyemed og
vil bli anonymisert ved prosjektets slutt, 01.08.2018. Alle som deltar i gjennomfgring av
prosjektet og forskere som benytter dataene er underlagt taushetsplikt.

Angrer du?

Det er frivillig & delta i studien. Du kan nar som helst og uten a oppgi noen grunn trekke
ditt samtykke til & delta i studien. Dersom du gnsker & delta, undertegner du
samtykkeerklaeringen pa siste side. Om du né sier ja til & delta, kan du senere trekke
tilbake ditt samtykke uten at det pavirker din gvrige behandling.

Spgrsmal?
Ring gjerne til prosjektleder Joar Hargy, tIf.: 971 95 435 dersom du har spgrsmal om
prosjektet, eller send e-post til joar.haroy@nih.no.



mailto:joar.haroy@nih.no

o SENTER FOR

?NORGES IDRETTSHBGSKOLE Idrettsskadeforskning

”” Forebyqgging av lyskeproblemer blant fotballspillere
- Gjennomfering av prosjektet og holdninger til skadeforebyggende arbeid’

SAMTYKKEERKLARING

Jeg har mottatt skriftlig og muntlig informasjon om prosjektet Gjennomfgring av
lyskeprosjektet og holdninger til skadeforebyggende arbeid som en et del av prosjektet
Forebygging av lyskeproblemer blant fotballspillere. Jeg er klar over at jeg kan trekke
meg pa et hvilket som helst tidspunkt.

E-post adresse
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Oslo Sports Trauma

Oslo Sports Trauma Research Centre
Overuse Injury Questionnaire for groin problems

Have you had any difficulties participating in normal football
training or matches due to groin problems?

o Full participation without groin problems

o Full participation, but with groin problems

0 Reduced participation due to groin problems

0 Haven’t been able to participate due to groin problems
To what extent have you reduced your training volume due
to groin problems?

0 No reduction

O To a minor extent

0 To a moderate extent

O To a major extent

0 Haven’t be able to participate at all

To what extent have groin problems affected your
performance in football matches/training?

o No effect

o To a minor extent

O To a moderate extent

0 To a major extent

0 Haven’t be able to participate at all

To what extent have you experienced groin pain related to
football participation?

o No pain
a Mild pain
0 Moderate pain

O Severe pain



Oslo Sports Trauma

The following questions are not asked to players who selected answer option 1.1, 2.1, 3.1 and 4.1 in
the 4 previous questions.

On which side have you experienced
groin problems?

o Dominant leg (kicking leg)

o Non-dominant leg

O Both legs

How did your groin problems first
begin?

0 Gradual onset (overuse injury)

o Sudden onset (completely symptom-
free prior to a single injury event)

How many days in the past week have
you had to completely miss training or
matches due to groin problems?

oo
ol
o2
o3
o4
o5
o6

o7



Oslo Sports Trauma

The following questions are asked to all players.

How many hours of football training have you completed during the past
week? (include all normal team training)

How many hours of individual training have you completed the past week?
(strength, endurance, injury prevention)

How many minutes of football match-play have you completed during the
past week?

In how many football games did you play last week?
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Questionnaire — Implementation of the Adductor Strengthening Programme






Oslo SportsTrauma

Questions asked to all players

To what extent do you think footballers are exposed to groin injuries?
O Highly

O Moderately

O Low

o Don’t know

To what extent do you think footballers need to prevent groin injuries?
o Highly

0 Moderately

O Low

o Don’t know

What do you think are the most common causes of groin injuries among footballers?
(Multiple answers possible)

o Too little training

0 Too much training

0 Too many matches

O Hard tackles

o0 Low muscle strength

0 Reduced mobility

o0 Reduced recovery time between matches
o Artificial turf

o Other



Oslo SportsTrauma

Is it more important to use the training time to play football than to conduct injury
prevention?

o Fully agree

O Agree

o Not sure

O Disagree

O Totally disagree

o Don’t know

The motivation of the coach affects the players motivation to conduct prevention
exercises?

o Fully agree

O Agree

o Not sure

O Disagree

O Totally disagree

o Don’t know
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Oslo SportsTrauma

Questions asked to players in the intervention group

Are you familiar with the Adductor Strengthening Programme intended to prevent groin injuries?
O Yes
o No

o Don’t know

Do you believe that the Adductor Strengthening Programme can reduce groin injuries?
o Yes, definitely

o Yes, somewhat

o No, | don't think so

o Don’t know

Which players have primarily conducted the programme?
o All or most players

O Players with groin problems

O Players with previous groin problems

o No players

o Don’t know

How has the execution of the programme been organized?

0 When the players wanted, but not connected to organized training

o When the players wanted, but connected to organized training (before or after training)
0O Together as a team connected to organized training

o Don’t know

Have you conducted the programme with the recommended frequency?
0 More often

o As recommended

O Less often

o Don’t know



Oslo SportsTrauma

How much time did you spend conducting the Adductor Strengthening Programme?
0 0-5 min

0 5-10 min

0 10-15 min

o Don’t know

Will you use the programme after the current season?
O Yes, definitely

O Yes, but not as frequency as this season

o No

o Don’t know

Do you think the motivation to perform the Adductor Strengthening Programme would have been
greater if the exercise was not a partner exercise?

O Yes, it is better to train alone
O It does not matter
o No, it is better to train with a team-mate

o Don’t know

Do you think the motivation to perform the programme would have been greater if it had
contained several exercises?

O Yes, the more exercise the better
o No, one exercise is sufficient

o Don’t know

How would the motivation to perform the programme have changed if it had taken less time?
O It would have increased
o It would have decreased

o Don’t know



Oslo SportsTrauma

How would the motivation to perform the programme have changed if it had taken more time?
o It would have increased
o It would have decreased

o Don’t know
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Oslo SportsTrauma

Questions asked to players in the control group

Are you familiar with the content of the exercise program that players in the intervention group
have conducted through the current season?

o Yes
o No

o Don’t know

Have you conducted the preventive exercise program or other exercises to prevent groin problems
during the current season?

o Yes
o No

o Don’t know
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