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ABSTRACT

English men’s community rugby boasts the largest adult rugby playing population in the
world. While regular participation in rugby has been linked to clinical health benefits there
is an inherent risk of injury associated with rugby participation due to its collision based
nature. This programme of research was conducted to identify means to reduce the injury

risk in the context of men’s community rugby.

In Chapter 3, the Functional Movement Screen is used to assess the movement competency
of men’s community rugby players. Injury match exposure data was recorded for each
player, and analysed to determine associations between players’ movement competency
and injury outcomes. Players that displayed both of pain and asymmetry on screening were
associated with an incidence of overall injury at 22.0 injuries / 1000 player match-hours.
Players that scored 16 or more had an incidence of overall injury at 12.4 injuries / 1000
player match-hours. Chapter 4 details the multi-stage process used to develop the injury
prevention exercise programme specific to men’s community rugby. Chapter 5
investigated barriers and facilitators to programme implementation in a sample of men’s
community rugby clubs. Results informed the refinement of the intervention exercise
programme and detailed means to maximise successful delivery of the programme to
clubs. Chapter 6 was a cluster randomised controlled trial of the final injury prevention
exercise programme. Clear beneficial effects following implementation included a 40%
reduction in targeted lower-limb injury and a 60% reduction in concussion compared to the
control group. The injury burden for intervention clubs with higher compliance was

reduced 50% compared to intervention clubs with lower compliance.

Functional Movement Screening™ may identify men’s community rugby players at higher
risk of match injury. A targeted movement control exercise programme can provide
efficacious means to reduce injury that is practicable within the men’s community rugby

environment.
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CHAPTER ONE

INTRODUCTION

1.1!  Research overview

The origin of rugby union is believed to date back to 1823 at Rugby school in England,
when William Webb Ellis picked up the ball during a game of football and ran with it.
Rugby union is a sport now enjoyed by 7.3 million people worldwide (World Rugby,
2016b). While different types of rugby are played, including touch / tag rugby, Rugby 7s,
Rugby 10s, Rugby League and Rugby Union, this thesis will focus on the 15-a-side variant
of the game. Rugby union (here after ‘rugby’) is the second most popular team sport
played in the UK behind football (soccer) (Sport England, 2016), and England has the
largest rugby playing population in the world with over 2 million players (World Rugby,
2016b). The majority of registered rugby players participate within the 856 English
community rugby clubs.

Rugby is an intermittent team ball sport, comprising frequent high intensity bouts of
exercise interspersed with periods of rest (Roberts et al., 2008). As such there are potential
health benefits from participation in rugby. As a form of physical activity, rugby is
recognised and recommended as a form of vigorous exercise for adults (NHS, 2015).
Community rugby players typically train for around 3 hours per week and play in one 80
minute game at the weekend, thus meeting the recommendation for vigorous activity of 75
minutes per week (NHS, 2015). England Rugby promotes ‘rugby for a healthy lifestyle’,
helping players develop core stability and improving cardiovascular ability (England
Rugby, 2017). Some studies have displayed the potential health benefits of rugby using
clinical outcomes. A US based cross-sectional study demonstrated that collegiate rugby
players had a low risk of disease such as cardiovascular disease (MacDougall et al., 2015).
Two Australian based clinical trials (Mendham et al., 2015; Mendham et al., 2014)
prescribed touch rugby as a form of small sided game exercise in inactive middle aged
males. Following 8 weeks of playing touch rugby, participants demonstrated significantly
improved health markers. Participants had significantly improved aerobic capacity,
reduced fat-mass, and reduced pro-inflammatory markers (Mendham et al., 2014) that are
otherwise associated with potential development of metabolic and cardiovascular
abnormalities (Bouassida et al., 2010; Arita et al., 1999) and may also help prevent type 2
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diabetes (Mendham et al., 2015). On this evidence, playing rugby appears beneficial for
players’ health.

As well as having potential health benefits, participation in rugby carries a risk of injury
(Roberts et al., 2013). Rugby is a physically demanding sport characterised by numerous
physical player to player contacts (Roberts et al., 2008) that are inherent to the nature of
the game. Contact events within rugby such as the tackle, rucks, mauls lineouts and scrums
are associated with approximately 80% of all injuries (Roberts et al., 2013; Hughes and
Fricker, 1994) and contribute to rugby having a relatively high risk of injury compared to
some other team sports (Williams et al., 2013). While player-to-player contact does occur
in other popular team ball sports like football and basketball, it is generally considered an
infringement to the laws of the game in these sports. By definition a player should tackle
the ball, not the player in both football (FIFA, 2014) and basketball (FIBA, 2014). In
contrast to football and basketball, an effective tackle in rugby involves the direct contact
(often considered a collision) of the defending player’s shoulder and arm, to the torso of

the ball carrying player (Hendricks et al., 2014).

The Rugby Football Union (RFU) is the national governing body for rugby in England,
and has identified player injury as one of the top 4 reasons for players dropping out of
rugby (RFU, 2011). According to an online survey completed in England by 1282 players
(current players = 1261, former players = 221), risk of injury was highlighted as a main
reason effecting players’ future participation in the game second only to age and
employment commitments. Actual injury was the main reason injured players did not
return to rugby participation (England Rugby, 2014). Similarly, in a different survey of
911 players, rugby injury was the main cause for ex-players (n = 390) to retire from
participation, ahead of family commitments and employment demands (Lee et al., 2001).
Efforts have been made to help reduce the risk of injury from contact events and improve
player safety. These include law amendments for scrummaging (World Rugby, 2015;
Cazzola et al., 2014) that effect the game globally; compulsory coach and referee
education courses as part of RugbySmart (Gianotti et al., 2009) in New Zealand; provision
of first aid training and first aid advice as part of BokSmart (Viljoen and Patricios, 2012) in
South Africa; and information and awareness campaigns such as ‘recognise and remove’ in

relation to management of suspected concussion injuries (RFU, 2015a). However, multi-
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modal injury prevention exercise programmes aimed at improving players’ intrinsic

physical characteristics have yet to be assessed in rugby.

Arguably, the most commonly cited model of sports injury prevention is the ‘sequence of
injury prevention’ (van Mechelen et al., 1992). The sequence of injury prevention includes
4 key stages for sports injury prevention: 1) establish the extent of the problem; 2)
establish the aetiology and mechanisms of injury; 3) introduce preventative measures, and
4) assess their effectiveness by repeating stage 1. In the context of stage 1 of the sequence
of injury prevention, the incidence of injury in English men’s community rugby has been
reported to be 16.9 injuries per 1000 match hours (95%CI = 16.1 — 17.7) where the average
injury severity was 7.6 (95%CIl = 7.2 — 8.0) weeks per 1000 match hours (Roberts et al.,
2013). Translating this into a practical situation, for every 3 team games, 1 player received
an injury that caused them to miss an average of 7 matches (approximately 1/3 of the
competitive season). If these values were extrapolated to men’s 1% teams in all 856
community clubs, over 7100 time-loss injuries might occur per season (average season =
25 matches), resulting in over 66,500 hours of match play lost due to injury in community
men’s first team rugby.

With respect to stage two of the sequence of injury prevention, attempts have been made to
identify injury risk factors for rugby players (Chalmers et al., 2012; Gianotti et al., 2009)
where players’ previous injury, hours of strenuous activity, cigarette smoking status and
ethnicity were found to influence injury risk. Other risk factors include contact events such
as the tackle, ruck and maul that are associated with 80% of injuries in men’s community
rugby (Roberts et al., 2013). However such events are innate to the game of rugby and may
require a different approach to that applied within this thesis, such as video analysis to help
determine the propensity for injury associated with the different contact events before
making recommendations for change. An individual’s functional movement competency,
as identified using the Functional Movement Screen™, has also been associated with
player’s risk of injury in professional (Tee et al., 2016) and experienced (Duke et al., 2017)
rugby players. However, the association of functional movement and injury risk has not
been investigated within a men’s community rugby setting, warranting further

investigation.

Stage three of the sequence of injury prevention, the introduction of preventative measures

(van Mechelen et al., 1992), has been attempted in rugby through means of law changes,
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and education programmes as described previously, but not through exercise programmes
tailored for rugby injuries, which could provide an effective means of reducing injury
rates. By targeting the most common rugby injuries in the large population that forms
men’s community rugby the overall injury burden may decrease dramatically across the
men’s community game, aiding player welfare, player retention within the game and
maintain player’s enjoyment of the game of rugby. Injury rates for sports other than rugby
have been shown to be modifiable through exercise interventions that include
proprioception, balance, strength and movement co-ordination exercises (Aaltonen et al.,
2007; Hubscher et al., 2010; Herman et al., 2012; Gilchrist et al., 2008; Olsen et al., 2005).
Consequently, increased attention has focussed on exercise-based injury prevention
programmes, with the most researched programme being the FIFA 11+ (Soligard et al.,
2008) which was designed specifically for football. Due to the context of previous studies
having investigated the preventative effect of exercise programmes in females rather than
males (Gilchrist et al., 2008; Soligard et al., 2008; Steffen et al., 2013), soccer (Gilchrist et
al., 2008; Soligard et al., 2008; van Beijsterveldt et al., 2012 Steffen et al., 2013; Hammes
et al., 2015; Owoeye et al., 2014; Silvers-Granelli et al., 2015) or basketball (Longo et al.,
2012) rather than rugby, research of exercise programmes to reduce injury in men’s
community rugby is warranted. As differences such as gender (male / female) and sport
(soccer / basketball / rugby) influence the aetiology of injuries due to altered internal and
external injury risk factors, research specifically focussing on men’s community rugby is
warranted. While there is evidence supporting implementation of exercise programmes for
injury prevention in other sports, currently there is no evidence that demonstrates the
efficacy of an exercise programme for injury prevention in men’s community rugby. By
targeting physical attributes including proprioception, balance, strength and movement co-
ordination exercises will likely help players resist injury. For example, by improving
players’ proprioception, players may be better able to react to unexpected perturbations,
and maintain good posture and lower-limb kinematics. As such, an exercise warm-up
intervention will be trialled in men’s community rugby, aligned with step 3 of the sequence

of injury prevention (van Mechelen et al., 1992).

The Community Rugby Injury Surveillance and Prevention (CRISP) project has conducted
injury surveillance across men’s community rugby clubs since 2009. As men’s community
rugby represents a significant proportion of the rugby playing population in England,
men’s community rugby is an ideal population to target the reduction of injuries. Based on
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the aforementioned information, a series of studies were funded by the Rugby Football
Union, the Private Physiotherapy Education Fund and the University of Bath to investigate
the association of functional movement and injury risk in men’s community rugby, prior to
developing, implementing and assessing the efficacy of an injury prevention exercise

programme for men’s community rugby.

This series of studies will provide evidence that has the potential to inform practice and
help reduce the injury burden within the sport. The aim of this research is to provide
practitioners working in men’s community rugby, such as registered health professionals
that provide medical support; strength and conditioning coaches and rugby coaches that
both help develop the physical characteristics of players, evidence to justify the use of the
Functional Movement Screen ™ as a movement screening tool and to produce programme

of warm-up exercises that are efficacious in reducing the burden of match-injury.
Accordingly, the following research questions will be investigated:

1.! Is there an association between men’s community rugby players’ functional
movement competency, as determined using the Functional Movement Screen, and

risk of injury?

2.! What stages are involved in the development of a movement control exercise

programme to reduce injury in men’s community rugby?

3.! What influences the implementation of structured warm-up exercise programmes in

men’s community rugby?

4.! What is the efficacy of a movement control injury prevention programme in men’s

community rugby?
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1.2! Thesis overview

1.2.1! Chapter 2: Literature review

Chapter 2 is a review of literature pertinent to the aforementioned research questions. This
includes literature regarding the injury profile of men’s community rugby along with
potential risk factors for those injuries; the use of the Functional Movement Screen™ as a
tool to assess athlete’s injury risk across different sports; potential means to prevent injury
in rugby; and literature related to sports injury prevention by targeted exercise

programmes.

1.2.2! Chapter 3: Association of the Functional Movement Screen with injury outcome
in men’s community rugby union.

An investigation into the association between player’s pre-season Functional Movement
Screen™ performance and injury risk is presented in Chapter 3. Injury incidence was
calculated before Poisson regression analysis was performed to determine associations
between FMS composite score, FMS movement asymmetry and reports of pain, with
injury risk. [RESEARCH QUESTION 1].

1.2.3! Chapter 4: Developing a movement control injury prevention exercise
programme.

Chapter 4 is a narrative summary that provides insight into the process driven approach
adopted during the development of a movement control exercise programme. Chapter 4
provides a description of the multiple factors that influenced the final programme design
before programme implementation during a large scale randomised controlled trial.
[RESEARCH QUESTION 2].

19



1.2.41 Chapter 5: Facilitators and barriers to implementing structured warm-up
programmes in men’s community rugby union.

Forming one of the steps toward the development of a movement control exercise
programme, a pilot study was performed. Club representatives involved in the delivery of
the programmes within their clubs were interviewed to determine facilitators and barriers
to implementation within the context of men’s community rugby. [RESEARCH
QUESTION 3].

1.2.5! Chapter 6: Efficacy of a movement control injury prevention programme in
men’s community rugby union: a cluster randomised controlled trial.

A cluster randomised controlled trial was conducted to determine the injury prevention
effect of a movement control exercise programme in men’s community rugby. The
prevention programme targeted the head and neck, shoulder and lower-limb and was
compared to a control programme that represented ‘good practice’. Cluster adjusted
Poisson regression analysis was used to calculate the relative risk of injury and results
were interpreted using magnitude based inference. [RESEARCH QUESTION 4].

1.2.6! Chapter 7: General discussion

A discussion of the primary findings and conclusions of this thesis are presented in
Chapter 7. The approach implemented throughout the thesis, and the contribution to
existing knowledge are discussed. The practical implications of the findings and future

research are suggested.

20



CHAPTER TWO

LITERATURE REVIEW

2.1 Overview

This chapter provides a summary of the literature pertinent to the series of experimental
chapters within this thesis. Initially, key models of sports injury prevention are compared,
highlighting the need for context specific implementation strategies which are essential for
effective injury prevention. The extent of the injury problem in men’s community rugby is
summarised from existing injury surveillance literature and prominent injury risk factors
are discussed. Evidence supporting the use of the Functional Movement Screen™ as a pre-
season assessment of injury risk is summarised, justifying its application in men’s
community rugby in Chapter 3. Existing strategies for injury prevention in rugby and the
efficacy of movement control exercise interventions in other sports is summarised. The
aim of this chapter is to provide clear justification for undertaking this injury prevention

research in men’s community rugby.

2.2!" Injury prevention models

There are two widely recognised models of sports injury prevention, the sequence of injury
prevention (van Mechelen et al., 1992) and Translating Research into Injury Prevention
Practice (TRIPP) (Finch, 2006). Both models are based on injury surveillance,
identification of risk factors for injury, and the implementation and evaluation of injury
prevention strategies. The sequence of injury prevention comprises these four steps (van
Mechelen et al., 1992) (Figure 2.1) and was a modified version of a public health
prevention model (Robertson, 1992).
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Figure 2.1. The sequence of injury prevention (van Mechelen et al., 1992).

The sequence of injury prevention clearly outlines processes whereby an evidence base for
sports injury epidemiology must be established along with causative factors for those
injuries before an injury prevention measure can be rationally implemented. However, the
sequence of injury prevention model does not consider the need for research regarding
implementation issues, such as factors effecting compliance and adherence to prevention
measures. The issue of poor programme compliance influences the effectiveness of
prevention measures (TRIPP stage 6) (Steffen et al., 2013), and may also result in the
inability of a trial to determine the efficacy of programmes in the first instance (TRIPP
stage 4) (Soderman et al., 2000; Steffen et al., 2008). The direction required for research
that leads to direct injury prevention in real world settings is considered under the more
recent model; Translating Research into Injury Prevention Practice (Finch, 2006)( Figure
2.2).
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Figure 2.2. The ‘Translating Research into Injury Prevention Practice’ framework for
research leading to real world sports injury prevention (Finch, 2006).

The TRIPP model’s two additional stages (stage 5 and stage 6) consider the efficacy of
prevention measures from a controlled environment, such as within the constraints of a
research study, and how to translate efficacious means of injury prevention to the context it
was intended for, i.e., in ‘real world” settings (Finch, 2006).

To understand the problem (stage 1 of TRIPP) (Finch, 2006), research describing the
injury occurrence of injury in men’s community rugby may be summarised from
appropriate literature where this is available, taking care to ensure standardised sports
injury and exposure definitions are used (Chalmers, 2002; van Mechelen, 1998). For
rugby, focus should be drawn to epidemiological research that defined injury in accordance
with the rugby injury consensus statement (Fuller et al., 2007a). To understand the
aetiology of why rugby injury occurs (stage 2 of TRIPP) (Finch, 2006), the mechanisms of
injury and factors associated with injury causes and severity of injury must then be
established (Finch, 2006). As injury surveillance cannot directly establish the mechanism
of injury, sports medicine approaches including those with multidisciplinary,

23



biomechanical and clinical focus are needed to better understand risk factors for and
mechanisms of injury (Krosshaug et al., 2005) and identify potential strategies that may be
effective in reducing injury. Using this information TRIPP stage 3 (Finch, 2006) involves
the development of the preventative measures. Little research is available specifically
detailing this step in a sports context, and as such theory must be applied from a health
context where processes for development and evaluation of complex interventions has
been outlined (Craig et al., 2008). During the development of prevention measures,
development stages proposed include development, feasibility and piloting, evaluation and
implementation (Craig et al., 2008). The two stages, ‘development’ and ‘feasibility and
piloting’, reflect the means by which stage 3 of the TRIPP (Finch, 2006) model can be
achieved. Although the TRIPP model clearly outlines a series of logical steps, in practice
these may not follow a linear or cyclical sequence, rather, optimisation and evaluation via
feasibility trials inform the decision whether to proceed to a randomised controlled trial
(i.e., TRIPP step 4) (Campbell et al., 2007).

LSRN 1 (b
IHSIET )5+, - H
JHSOL$8" (", * 180" 8S(18-(*""$""8$H+&,
2" OIE" (F10)3" (14"

0"1™. -2 AL#'5H(. +
5-"gHETIE"($8"("Oh-"8, (1 1#" PR (", $1978
5" GHTIE” (+5(-""9 )& (58447 O8-"*518-18"(, BL&"()*+, "##
S +-"B&T ()%, " 18(+.5,+O" PG (98", 919" E"
32" 2N (H( +
24" 01L&

<.*9MiB1&, " (18~ (O+&IF+&"
=+&"($"*O(6+%+>(.)

Figure 2.3 Key elements of the programme development and evaluation process (Craig et
al., 2008).

24



Stage 4 of TRIPP corresponds to intervention efficacy assessment (Finch, 2006). Stage 4 is
an ‘ideal conditions’ evaluation of the preventative measures produced during stage 3.
Irrespective of how ‘hands off” a research team is, the knowledge of participation in a
study can influence participants’ behaviour. For example club delegates may use a
programme they consider to be terrible, which they would not otherwise use, apart from
knowing they are being monitored. For this reason, the TRIPP (Finch, 2006) model
includes two stages not considered within the sequence of injury prevention (van Mechelen
et al., 1992). The two additional stages are the translation of the evidence supporting the
intervention to the context it was intended (stage 5 of TRIPP) and subsequently to evaluate
the effectiveness of the intervention in a real-world, *hands-off” setting (stage 6 of TRIPP)
(Finch, 2006).

The primary considerations of this thesis reflect stage 2 through to stage 4 of the TRIPP
model (Finch, 2006) in the context of men’s community rugby. The following sections of
this literature review will discuss existing research informing the process of injury

prevention in men’s community rugby union.

2.3  STAGE 1: Injury surveillance

The first stage of the models of injury prevention involves injury surveillance to establish
the extent of the injury problem. Injury epidemiology is the study of how often injuries
occur, dealing with the incidence, distribution and possible control of factors relating to
those injuries (Stevenson, 2010). In England, men’s professional rugby injury surveillance
has been conducted since 2002 (Williams et al., 2015) while men’s community rugby
injury surveillance has been ongoing since 2009 (Roberts et al., 2013). Such information
provides an overview of the rate and severity of injury including the distribution of injuries
across the body and the tissues prone to injury, which is necessary when planning to

implement means of injury prevention.
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2.3.1!" Injury definition

While there is a reasonable body of literature evidencing injuries in community rugby
union, the injury definitions used have been inconsistent. As such, inter study comparisons
of injury rates across studies are very difficult. The array of rugby injury definitions also
limits the cross comparison to other popular mass participation ball sports such as football.
Examples of rugby union injury definitions includes: any injury that required the referee to
stop play (Kauffman, 1985); the presence of pain, discomfort or disability arising during
and as a result of playing in a rugby match (Addley and Farren, 1988); a ‘significant
injury’ was an injury that prevented a player from playing or training or that required
‘special medical treatment’ (Hughes and Fricker, 1994); an injury that caused the player to
miss at least one game or scheduled team practice, or to seek medical attention (Quarrie et
al., 2001); and an injury that occurred during active rugby participation in either a
structured or unstructured environment that necessitated admission to an accident and
emergency department (Yard and Comstock, 2006). This list is not exhaustive. These
definitions lack the consistency necessary for performing a meta-analysis or similar
comparison of data. Finch, 1997) reported the need for standardised methodologies and
definitions to common aspects of surveillance investigations. In 2007, a consensus

statement for injury reporting in rugby union was published (Fuller et al., 2007a).

The International Rugby Board (now World Rugby) consensus statement defines an injury
as: any physical complaint, which was caused by a transfer of energy that exceeded the
body’s ability to maintain its structural and/or functional integrity... sustained by a player
during a rugby match or training, irrespective of the need for medical attention or time-loss
from rugby activities (Fuller et al., 2007a). The operational definition used must also be
consistent to enable comparison between studies and may include: training/match injury;
medical attention or time-loss injury (whereby time-loss injury severity is expressed as
time (days) lost form competition and practice), and type of injury, classified by 6 main
groupings (bone, joint and ligament, muscle and tendon, skin, brain/spinal cord/peripheral

nervous system and other).
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2.3.2! Community rugby injury epidemiology

Three studies have reported the injury epidemiology of men’s community rugby post the
2007 consensus statement (Swain et al., 2016; Roberts et al., 2013; Schneiders et al.,
2009). Using a match-injury definition of any injury incurred during match play, that
resulted in medical attention or time-loss from training or match play, injury surveillance
of 10 New Zealand based men’s community rugby clubs was conducted over the course of
one competitive season (Schneiders et al., 2009). The overall injury incidence was 52
(95%CI = 42-65) injuries / 1000 player match-hours, where 37% of injures were medical
attention injuries and 63% were time-loss injuries (Schneiders et al., 2009). Of the 164
injuries reported, 48% resulted in >7 day time-loss (injury incidence rate = 25.2 (95%ClI =
20.2-31.4) injuries / 1000 player match-hours) and six injuries resulted in permanent
retirement from playing rugby (Schneiders et al., 2009). The shoulder (14% of all injuries),
knee (14% of all injuries) and ankle (8% of all injuries) were the most commonly injures
joints and haematoma/bruising (21%), ligament tears/sprains (21%) and muscle tear/strains

were the most common types of injury (Schneiders et al., 2009).

In a report of match injuries to amateur players (n = 125) from one Australian rugby club,
the overall time-loss injury incidence was 52.3 (95% confidence interval (Cl) = 3.7-62.2)
injuries / 1000 player match-hours, where 36% of all injuries resulted in players missing at
least 1 week from training and match play (Swain et al., 2016). In this study the top 3 sites
of injury were the head and face (17.8%), followed by the shoulder/clavicle (14%) and
knee (14%). The top 3 types of injury included ligament sprains (27%),
haematoma/contusion/bruise (19%) and muscle/tendon (17%) injury (Swain et al., 2016).
The incidence of injuries resulting in >7days time-loss was 18.7 (95%CI = 14.0-24.9)
injuries / 1000 player match hours. This incidence is lower than that observed in the New
Zealand based players (Schneiders et al., 2009) and just above the incidence reported in
English community rugby (Roberts et al., 2013). An average of 63 clubs completed
surveillance over 3 seasons in England where the overall incidence of injury (> 7 days)
was 16.9 (95%CI = 15.2-17.9) injuries / 1000 player match-hours (Roberts et al., 2013).
Further similarity between studies includes the most commonly injured joints which for the
English clubs was the knee (17%), shoulder (14%) and ankle (12%), and the top two types
of injury which were joint/ligament injury (22%) and muscle/tendon injury (15%) (Roberts
et al., 2013). The difference in proportion of injuries that were contusion / haematoma
between studies (21% & 19% : [Schneiders et al., 2009; Swain et al., 2016] vs. 1%
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[Roberts et al., 2013]) is likely the result of differences in resolution of time-loss of injuries
used between the studies. Roberts et al., (2013) used a minimum time-loss resolution of
moderate injury (>7days) compared to slight injury (0-1 day) used by Swain et al., (2016)
& Schneiders et al. (2009). Muscle and ligamentous injuries frequently require periods of
greater than 1 week to repair, explaining the similarity in the proportions of the injuries
types reported between the studies by Roberts et al (2013) and Schneiders et al., (2009),
while cuts and bruises likely required less than 1 week to resolve and so weren’t captured
by Roberts et al., (2013) but were captured by Swain et al., (2016). The difference in time-
loss injury resolution between the studies may also explain the vast difference in mean
severity of injuries which was 9 days (Swain et al., 2016), compared to 7.6 weeks (53
days) (Roberts et al., 2013). Mean severity was not presented for the New Zealand teams
(Schneiders et al., 2009). Despite similarities between the three studies, a stark difference
is the injury burden. The injury burden was 470 days time-loss / 1000 player match hours
(Swain et al., 2016) compared to 899 days time-loss / 1000 player match hours (Roberts et
al., 2013). Effectively, the burden of match injury reported for English men’s community
rugby was almost twice that of an Australian men’s amateur rugby club. Almost two thirds
of injuries reported resulted in less than 1 week of time loss for the Australian club (Swain
et al., 2016). As injuries requiring less than 1 week time-loss were not reported for English
men’s community rugby, the true burden for English men’s rugby could be substantially

higher than 899 days / 1000 player match hours.

Despite differences in the definition of injury used, the injuries detailed across studies
(Table 2.1) of injury epidemiology in men’s community rugby demonstrates a reasonably
consistent injury profile when presented as percentage across different body sites. Figure
2.4 displays a summary of the distribution of injuries across the body according to the

details published for men’s community rugby.
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Figure 2.4. The distribution of rugby injuries summarised from all studies in Table 2.1.
Values for the ankle, knee, upper-leg, shoulder, neck, concussion, head and face represent
the average percentage of all injuries and 95% confidence interval. Percentages for the
lower-limb and upper-limb represent the sum of their component parts. ‘Other’ injuries
accounted for ~7% of all injuries, but were not reported under a consistent injury-site
definition for comparison — as such the percentages displayed do not total 100%.
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Table2.1 Summary of menOs community rugby injuries. The table details the numberriesingported in each study and the per cent of
injuries by heading.

Percentage of all injuries

< 9o Q o) o) =
h -~ s 8 3 £ %z g §o g £ &
= 0.8 0 ® s
Authors Participants Injuries e % % g 25 g % 8 5( (é s
(n) £ O S > - 5 ¢
Roy, 1974 SA University 300 21 3 15 14 4
Adams, 1977 OSought medical care 1000 9 2 11 7 1
Kauffman, 1985 English tournament 48 28 0 36 17
Addley and Farren, 1988 MenOs Club 84 16 4 36 27
Ryan and McQuillan, 1992  Attended A&E 242 24 4 9 27 33 10
Seward et al., 1993 AUS elite level 2398 25 5 34 20
Hughes and Fricker, 1994 AUS first grade 122 17 4 7 48 14 11 11 8 17 12
Garraway and Macleod, 1995 Scotland Seniorlab 429 6 42 17 6 22 11
Bird et al., 1998 Men's club 258 18 5 7 43 24
Marshall et al., 2002 New Zealand Club 313 26 5 7 40 11 13 7 8 22 9
Yard and Comstock, 2006 Attended A&E (US)* 236539 32 3 2 24 1 9 3 9 30 14
Mclntosh and Dutfield, 2008a AUS Grade & Country 381 6 3 4 51 17 12 27 20
Kerr et al., 2008 Men's collegiate 447 30 13 3 35 5 13 2 11 25 13
Schneiders et al., 2009 NZ Premier club 164 36 14 8 19 14
Takemura et al., 2009 Japanese collegiate 45 22 ** 7 56 11 11 2 22 7 2
Roberts et al., 2013 Men's community 1566 12 7 4 37 17 12 16 14
Farnan et al., 2013 Men's collegiate 51 4 6 48 20 14 2 12 34 26
Jaco and Puckree, 2014 SA Academy 117 7 55 25 21 22 15
Swain et al., 2016 AUS amateur club 129 18 5 5 36 9 14 5 8 30 14

*87% of data were related to male players, of which 86% were older than 18*%eargussion was reported but combined with soft tissue
facial injury, so not included. SA South Africa, AUS= Australia, NZ= New Zealand
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The lowerlimb is the most commonly injured body region sustaining 40% of all injuries,
followed by the uppelimb with 23% Eigure 2.4). When considering injuries by
anatomical site, the distribution across the knee, shoulder, ankle andegpesimiar,
ranging from 14% of injuries for the knee, to 10% of injuries for the ulggefFigure

2.4). The injuriesdiagnoseseported are predominantly muscle and tenstoains for the
upper leg, a combination of muscle/tendon strains and ligament/joint sprains for the ank
and shoulder, and ligament/joint sprains for the knee. For English menOs community rug
the top five specific injuries were knee ligament/joid%d, [injury incidence rate (IIR),
95%CI = .4, 2.22.7]), ankle ligament/joint (10%, [ IR, 95%C¥ .7, 1.42.0]), shoulder
ligament/joint (10%, [IIR, 95%C¥k 1.7, 1.41.9), hamstring strains (10%, [IIR, 95%€l

1.4, 1.21.7]), and concussion (7%, [IIR5%CI= 1.2, 1.01.4]) (Roberts et al., 2013).

An average of 18% of all rugby injuries were to the head and face, of whigét%Qvere
reported as contusionOs and lacerations (McIntosh et al., 2008) caused by an external fc
such as during a clash of lisa Blunt force trauma such as a clash of heads, may alsc
result in head and facial fractures, which accounted 566 df head and facial injuries
(Roberts et al., 2036 In the context of head injuries, an injury receiving increased
attention across all sports is concussion. Concussion is commonly reported as a spec
diagnosis in rugby epidemiology papers (concussion was reported as a diagnosis in 1€
the 19 studied Table2.1). For English menOs community rugby, concussion was the mos
frequent head injury diagnosis, accounting for 60% of all head related injury (Roberts
al,, 2016) A metaanalysis of concussion in rugby unieeported the incidence of 2.1
concussions / 1000 player matuburs for menOs communityioy (Gardner et al., 2034
which indicates concussion is the most common rugby injury diagnosis. There is current
no way to actively treat concussion. Concussion often requires extended periods of mer
and physial rest to facilitate recoverfNHS., 2014. However, concussion in rugby is
under increased media scrutiny, where some high profile cases haaa dimcussiomno
mental healti{Dean 2014, amid speculation that concussion may increase the risk for the
development of degenerative disorders including dementia, though scientific evidence
support these views is limitd¥cCrory, 201).
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2.4  STAGE 2: Establish aetiology and mechanisms of injury

The secondtagein the sequence of injury prevention involves establishing the cause o
mechanism of injury and identifying risk facsofor injury (van Mechelen, 1992 Risk
factors may be intrinsic to the athlete (unique to an individual), or extrinsic

(environmental)

2.4.1 Intrinsic risk factors

Intrinsic injury risk factorsidentified for community rugby playergsclude athletic
performance characteristics such as better -ppshability, aerobic and anaerobic
performance, previous injury (Quarrie et al., 2001), playihgeannjured (Chalmers et al.,
2012), age and ethnicity (Chalmers et al., 2012), anthropometric variables including bot
mass index (Lee et al., 1997; Quarrie et al., 2001) and moxerampetency (Tee et al.,
2016;Duke et al., 2017).

Previousinjury

Previous injury is often associated with increased risk of injury. This increase in risk ma
be due to the previous injury having not fully recovered before plarerexposed to
matchplay which may result in reccurrence of the same injury. In New Zealaamateur
players who reported a pseason injury had a higher incidence rate flagerswho had

no injuries during the previous seasoeldtive risk RR), 95%CI= 2.4, 1.34.3) (Quarrie

et al., 2001). Similarly, in Scotland, professional players fdmb been injuredo@ds ratio
(OR), 95%CI= 1.8, 1.32.5) orplayerswho were carrying an injury at the end of the
previous season (OR, 95%€I1.4, 1.02.1) had a 61% relative increase of injury (95%ClI
= 32%97%) the following season (lee et al., 200Ay amateur players, playing while
injured was also associated with increased risk of injury (RR, 958C)5, 1.21.8)
(Chalmers et al.,, 2012). Overall injury risk has also been demonstrated to increa
following incidence of concussion. In a two seasorglstudy of professional players,
players that returned to play within the same season following a concussion had a 6(
greater risk of timdoss injury compared to playettsat did not suffer concussi¢@ross et

al., 2015. Following injury, subsequenncreasedisk of injury has been demonstrated

across sports and is the most consistently reported risk factor for injury.
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Athletic performance

Athletic performance may be associatedwittjury risk, for example where better athletic
performersamay bemore resilient to injury, due havirggeaterstrength andasterrecovery
rates. Fatigue was suggested as afastor for injury during gamedrooks et al., 2005a

thus fitter players that have better recovery rates may fatigue less during a match, &
consequemyl maintain biomechanically correct techniques during cutting, landing and
contact based tasksompared to players with lower fithess lev&l®nversely, players
with higher fitness levels may be able to maintain their rate of play longer and thus mal
more tackles. As the tackle was associated with 50% of all injuries (Roberts et al., 201
increasing playersO fitness could actually increase the risk of injury rather than decreat
As an example of a similar effechviestigation into the risk of injuryn relation to athletic
performance identified playeB)-m sprint timeas being associated with injury risk, with
no association between injury risk amahy of the otherathletic performance tests that
included aerobic endurance, aarmobic enduranceyettical jump height and pustips
(Quarrie et al., 2001 In this instance higher incidence rat@as repord for players in

the fastest grup (<3.76 seconds) during a-80sprint from a 5m running startompared

to playersin the slowest group (>4.06 seconds) (RR, 95% €5, 1.02.3) Quatrrie et al.,
200)). The higher injury incidence rate for the faster playeesy be due tdhe faster
players entering into contact situatipesch as the tacklat higher spedthusproducing a
bigger collision forcewhich resultsin a higherrisk of injury. Additionally, faster players
may overloadthe knee joint durindast paceccutting manoeuvresagainresulting ina
higher risk ofinjury. As improving strength may reléun an improvement in sprirgpeed
(Delecluse, 1997 due to increased muscle force production following interventaiher
than decrease the risk of injury due to stronger muselesmggreater resilieceto injury,

the carryover of muscle strength resulting in greasgreed of playera&shen entering into
contacteventshas the potential to increase the risk of injuss., resulting in th@pposite
effect to that which was wanted

Anthropometric varables
The nedia often speculagethat rugby players are getting biggarhere media articles
relae increass in player statureto increased risk of injuryKitson, 2015. However a

review of data collected over 10 years detailing the stature of English professional playe
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indicated that while there are differences in the anthropometric characteristics betwe
backs and forwards, over the 10 year period, anthropometric characteristics dvame sh
little change(Fuller et al., 2018 Studies that investigated injury risk and anthropometric
charateristics identified that players whose body mass was greater th&g 8dre
associated with a higher injury rate than players whose body mass was unkigr 74
(Quarrie et al., 2001 S5pecifically, players with a body mass betweek@and 87g had

a higher incidence rate (RR, 95%G1.8, 1.122.9) and greater injury burden (RR, 95%cCI
1.9, 1.02.1) than players with body mass underkg4(Quarrie et al., 2001 In the same
study, players with a body mass index between B&8.0kg/n¥ sustained more injuries
than players with a body mass index of less thakg?®f (RR, 95%CI= 2.0, 1.23.3), as

did playes with a body mass index greater thankg@? (RR, 95%ClI= 1.8, 1.23.0)
(Quarrie et al., 2001 The association of BMI with injury riskeflects earlier research that
also reported players with higher body mass index had a greater risk of injury compared
players with lower body mass indegtee et al.,, 1997 A difficulty when assessing
anthropometric data is that changesniass and body mass index donOt necessarily reflec
changes in composition of the body, particularly that of fat mass and muscle mass. Witr
rugby, players are also often designated a playing position based on their physique, ¢
this external factor malyave a large influence on their risk.

Eccentric hamstring strength

Of the noncontact injuries, hamstring strains accounted for 54% of running injuries
(Roberts et al., 2033with an overall incidence of 1.9 injuries / 1000 player mduotrs.

Risk of hamstring injury is potentially related to underlying functional dsfim the
players who sustained injury. Risk factors investigated for hamstring injury in profession:
rugby players included playersO age, height, body mass, body mass index and ethnic ol
but results indicated these factors were not associated weraged risk of hamstring
injury (Brooks et al., 2006 However, in the same study a most likely beneficial lower
hamstring injury rate was observed in players that performed Nordic hamstring exercis
in addition to conventional stretching and strengthening exercises, compared to playe
who performedconventional strengthening exercise alone (RR, 95%0I4, 0.20.6).
While hamstring strength has not been identified as a risk factor for injury in rugby, i

other sports including Australian rules football, physical attributes such as increase
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eccentrc hamstring strength have been associated wilucel hamstring injury risk
(Opar et al., 204 In this study players with lower eccentric hamstring strength at the enc
of preseason were 4.7 times the risk ofseason hamstring injury, where higbeed
running was the primary mechanism of injury (61% of all Hangsinjuries). Collectively,

this is suggestive that lower eccentric hamstring strength may be a risk factor for hamstri

injury in rugby.

Movement competency

Two papers have associated movement competency, as determined using the functic
movement seen o injury risk in rugby playergTee et al., 2016; Duke et al., 2017
Players from one professional South African rugby team that became injured (mean
standard deviation (SD¥ 13.2 + 1.5) scored significantly lower on the functional
movement screen compared to players that did not become injured (mead=#43Dt

1.4; effect size= 0.83,large) (Tee et al., 2016 In a separate study on experienced rugby
players in Canada, players stat scored less than 14 from a maximum of 21 on the functio
movenent screen were 10.4 (95%€11.3-84.8) times more likely to have sustained an
injury in the first half of the season compared to players sgdél or moreQuke et al.,
2017. Due to the high association with risk, injury risk and functional movement is
discussed in detail in latter sections of this literature review

2.4.2 Extrinsic risk factors

Match event

Contact events including tackles (both performing the tackle and being daakiekis,
scrums, lineouts and mauls are associated with approximately 80% of all injévaetely

and Farren, 1988; Hughes and Fricker, 1994; Garraway and MacleodR&B6Egs et al.,
2013. The rugby tackle is the most frequent contact event in the rugby accounting fc
almost 40% of all ontact eventgRoberts et al.2014. The tackle exposes the bodies of
both the tackler and the ball carrier to large external forces and results in 56% of ¢
playing and training timdoss as well as 61% of all work days lost from employment or
education(Garraway et al., 1999; Garraway and Macleod, 189Eecen analysis of the
tackle event demonstrated that players who got injured during a the tackle demonstra
poor tackle proficiency for tackles made from the side/behind the ball canterfor
tackles made front o(Burger et al., 2016 As well as being the most common event, the
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tackle has the highest propensity for injury of 2.3 (95%QI2-2.4) / 1000 events as well

as thehighest severity (19 weeks missed / 1000 events). In contrast to contact events, ol
20 per cent of injuries areon-contact Roberts et al., 2033f which running is the most
common norcontact injury event (10% of all injuries) followed by twisting/turning (7% of
all injuries) and hamstring strain was the most comnaiegnosis(5% of all injuries)
(Roberts et al., 2033

Playing level

Players in higher grades of rugby frequently demonstrate higher levels of Quayrie et
al., 2001; Fuller et 3l 2007b; Roberts et al., 2013n New Zealand, players at senior A
level reported the highest rate of injury when compared to colts (U1&)1@Yyrie et al.,
2001). In English community rugby, semrofessional (IIR, 95%C¥ 21.7, 19.823.6) had

a signifcantly higher incidence of injury than both amateur (IIR, 95%CI6.6, 15.2
17.9) and recreational players (IR, 95%€l 14.2, 13.015.4). The incidence for
Professional club level rugby was 91 injuries / 1000 player ntaddins Brooks et al.,
2005a, b, yet for amateur club rugby was 52.3 injurigD00 player matchours(Swain

et al., 2015 Potential explanationsn¢lude greater physicality during contact events
between players who are strong&rooks et al., 2005a,)bHowever, as the playing
standard increases the ball is in play for longer periods of time in higher standards of rug
compared with lower standar@&ves and Hughes, 2003ading to a greater number of
contact events at higher leveRadperts et al., 2034thus more exposure to injury risk

events.

Playing position

The physical demandsof rugby match play can be dependent on plfeying position
(Duthie et al., 2006; Roberts et al., 2DA8is normal that only forward players participate
in scrums and lineouts. It is also predominantly forward players that are involved in maul
As such the physical contact and potential for injury may vary according to playing
position. In terms of positional groups, a study in New Zealand saw midfield back
reported a higher injury burden (proportion of season missed) that front row forR&ds (
95%Cl = 2.6, 1.35.0), potentially due to midfield back entering into contact situations at
higher speeds. In English community rugby, back row forwards compared to outside bac
had a very likely harmful higher relative risk of injury (RR, 95%Ql.3 1.1-1.5) Roberts

36



et al., 2013 Similar differences in injury riswere seen between the back row forwards
and second row (RR, 95%GI 1.4, 1.21.7), and back row forwards and front row
forwards (RR, 95%C# 1.3, 1.11.5) (Roberts et al., 2033This may be due tpart ofthe

role of the back row forwards to beas a first line of defence from scrums aoadompete

for the ball during rucks where back row players grapple for the ball on the floor.
However, for menOs community rugby, no difference in injury incidence was observe
between forwards (IR, 95%G+ 17.3, 16.118.5) and backs (lIR, 95%Gi 16.5, 15.2
17.7). Overall there doe®t appear to be a consistent pattern related to playing position.

Time within the season

The time within the season has been associated with increased injurQueskié et al.,
2001; Garraway and Macleod, 1995; Roberts et al.3)206 EnglishmenOs community
rugby, injury risk was significantly (p<0.001) greater early in the competitive seasot
(during September and October) compared to later in the competitive season (all ott
months) Roberts et al., 2033 The association between early season and injury may be
due to players not being Omafit@ having hadoo little exposure to the demands of
matchplay throughout the offeason and prgeason periods. This early season risk of
injury may also be attributed to a sudden increase in work load associated with competiti
games. However, the difference couldoathe results of players that have predisposing
risk factors getting injured once exposed to the match environment. These Oat riskO ple
may become injured early in the season causing the early season rate to rise.

Player training/match load

An areaof growing interest is the association between match and training loads and injul
risk. Players training and match loads have been described in professional rugby uni
with respectto the number of games play€illiams et al., 201y and within rugby
league with respedb acute to chronic wkloads (Hulin et al., 2015 In professional
rugby union a likely harmful (Hazard Ratio (HR), 90%€L.1, 1.11.2) association was
found for players whose monthly match exposure increased over a short period of time (
increase of 2 standard deviations compared to the previeday3@verage)Williams et

al., 2017. While such risk has been attributed to limited recovery time during the off

37



season and an antest culture(Cresswell and Eklund, 20)6these associations relate to
the professional rugby emonment, and may not reflect the community rugby

environment.

Protective equipment

Changes in injury risk have been associated with the use of protective equilpiaiestta(l

et al., 2005 ; Chalmers, 1998; Chalmers et al., R0A2aring a gum shield appeared to
reduce orofacial injury (relative risk (RR), 95% confidemuerval (95%Cl= 0.6, 0.1

4.6) Marshall et al., 200% while the wearing of head gear tended to reduce injury to the
scalp and ars (RR, 95%CI= 0.6, 0.21.9) (Marshall et al., 2009. However, wearing a
head guard has also been associaiédhigher rates of overall injury (RR, 95%€I11.23,
1.0-1.5) (Chalmers et al., 20)2possibly as a result of changes in playersO perceptions ar
attitudes toward risk taking during a game due to feeling protected. While the use of he
gear can reduce the impact forces to the brain, this does not translate twtemeith
concussionncidence(McCrory et al., 200 Although a metanalysis of evidence for
mouth guard use in preventing sport related concussion suggested a trend towarc
prevenive effect n collision sportyMcCrory et al., 201) oveaall protective equipment
does not appear effective in reducing the overall risk of injury.

The above sections summarise rugby injury risk factors. These require differer
approaches in order to establish a meaningfulatestu of injury risk Recommendains

may be made to staff at the professional level to carefully monitor and limit potentially
harmful changes in training load, while limits for the number of matches played is alreac
in place at the ekt player squad level 32 match@sylwin, 2016; Premiership Rugby,
2016, and age grade rugby (RFU regulatith: RFU, 2015b in England. Extrisic risk
factors that involve game elements such as the tackle, collision (@ckidegal tackle
without the use of armsnd player management around concussion may be influence(
through game directives. Community rugby clubs coaching and medical teams have it
potential to influence these extrinsic risk factors, however, intrinsic factors may b
monitored or screened rfaoy club staff, facilitating implementation of preventative

measures.
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Pre-participation screening

Preparticipation screening is referred to by different terms includingpargcipation
examination(ACSM, 2012, physical examinatio(McKeag, 198% ard health evaluation
(Ljunggvist et al., 2009 Crudely, the main purpose of gparticipation screening is to
screen for injuries, medical conditions, or other factors et place a playeat risk of

safe participationLjungqvist et al., 2000 Screening may fulfil instituticad legal and
insurance requirements, assure coaches that players enter the season with some comr
level of health and fitness, provide the medical team with the opportunity to discove
treatable conditions that might interfere with or be worsened bynglagnd may aid in
prevening/predicting future injuriegMaffey and Emery, 2006; Wingfield et al., 2004
Screening is compulsory before participation in sports including rugby in some countrie
including Italy, to meet insuranceequirementgFIR, 2016. In Italy, compulsory pre
participation screening is primarily concerned with cardiac functimther @rdiac nor

any other form of prgarticipation screen is currently compulsory in the UK partly due to
vastly dfferent public health provision. Cardiac screening is required by the sporting
bodies including FZdZration Internationale de Football Association (Fifd)Union of
European FootbaAssociations (UEFABorjesson and Dellborg, 20Ldnd recommended

by the World Rugby (formerly the international Rugby Board) that publisicegening
guidelines in 2012(McCarthy, 2012 Results of a nationally implemented cardiac
screening programme in elitegly players in Englan@Ghani et al., 201)6demonstrated
that the cost of screening was £50 per player (£29,938 per condition &BntBuch
screening may be prohibitively costly for community clubs to introduce but is potentially

useful in elite athletes.

In England preparticipation screening is common in professional rugby union clubs
(Fuller et al., 2007p A survey of existing practice indicated all participating premiership
rugby clubs inEngland performed a musculoskeletal (MSK)-pagticipation screen, with
89% of UK clubs also conducting a general healthpanicipation screen as part of their
preemployment checkgFuller et al., 2007b Approximately 73% of division 1 rugby
clubs also indicated they ran preseason MSKparicipation screen during the pgeason
(Fuller et al., 2007pb Ordinarily preparticipation screens are conducted by a multi
disciplinary team including Doctors, Physiotherapists and Strength and conditionin
coacheqFuller et al.,, 2007pband use variations of the elite athlete screerh aas that
proposed byBrukner and Khan (2012yhich consists of previous medical history
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guestionnaires combined with cardiac and blood serum screens with varying focus on
athleteOs function. Due to the resources necessary to condudeathipreparticipation
screen, criteria such as cost, time, seriousness of the problem, the chansemoicant
finding, available personnel and equipment needs all require consideration befo
determiningwhich tests to perforniKibler et al., 1989 Within the community rugby
setting, clubs do not have the contact time with medical personnel such as physiotherapi
or resources to conduct-degh screening as described Byller et al. (2007 However,

the Functional Movement Scré¥n(FMS), which assesses characteristics of movement
patterns described as fundamental to athletic perform@@oek et al., 2006a,)bis a
relatively simple screen and has proven popularity in other field sports such as socc
where it was the most employed method of screening professional sogees (NecCall

et al., 2014

2.4.3 Functional Movement Screetf

The Functional Movement Scré¥n(FMS) is a wialy used(McCall et al., 201% and
commercially available musculoskeletal screening tool. Briefly, the FMS consists of seve
movement patterns, each scored as 0 (pain or unable to perform the movement), 1, 2 ¢
(performing the movement perfectly), anduf Oclearingd movementab{e 2.2) that
screen an athlete for pain when performing the movement rather than assessing the quz
or range of moveménThe result of the screen is a score with a maximum total of 21
points that has been associated with an athleteOs risk of injury based on their Ofuncti
performance.

40



Table2.2. The seven test items of the FMS including clearing {€sk et al., 2006a, b; Hammes et al., 2016

Description

Score & Scoring criteria

1.! Deep squat A dowel is placed over the hea 3

2.! Hurdle step

3. In-line
lunge

arms are outstretched and the pla
Is asked to squat as low as possibl

Theplayer aims to step over a hurc
that is placed directly in front him;
dowel is placed across the shoulde

A dowel is placed at the bodie
back sidg(contacting head, back ar
sacrum, the player aims to perforn
split squat).

2
1

3

2

1

3

2

-Upper torso is parallel with tibia or toward vertical, femur is below horizo
knees are aligned over feet, dowel aligned over feet

-As above, but a 2 x 60 board is required under feet

-Upper torso is not parallel with tibia or toward vertical, femur is not be
horizontal, knees are not aligned over feet, lumbar flexion is natedsO
board is required under feet

-Hips, knees and ankles remain aligned in the sagittal plane, minimal to r
movement is noted in the lumbar spine, dowel and stringingpaaallel
-Alignment is lost between hips, knees and ankles. Movement is not
lumbar spine. Dowel and string do not remain parallel

-Contact between foot and string occurs. Loss of balance

-Dowel contacts remain with lumber spine extension. No torso movemeni
notes. Dowel and feet remain in sagittal plane. Knee touches board behir
of front foot.

-Dowel contacts do not remain with lumbar spine extension. Movement ir
torso is noted. Dowel and feet do not remain in sagittal plane. Knee does
touch behind heel of front foot.

-Loss of balance is noted
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Table 2.2. The seven test items of the FM3uiding clearing tests (Cook et al., 2006a, b; Hammes et al., 2016).

Description

Score & Scoring criteria

5.

I Shoulder

mobility
Clearing test
Active

straight leg
raise

I Trunk

stability
pushup

Clearing test

I Rotary

stability

Clearing test

The player attempts to touch his fists behind 3
back. 2
1
The player places his hand on the oppo O
shoulder and then attempts to point the elk
upward.
The player aims to actively raise oleg as high 3
as possible while lying supine with the he 2
touching the ground. 1
The player aims to actively raise one leg as | 3
as possible while lying supine with the he 2
touching the ground. 1

The player aims to perform a prags in the O
pushkup position (spinal extension).

The player aims to assume a quadruped pos 3
and attempts to touch his knee and elbow, -
on knee and elbow of the same side of the t 2
and then on the opposite sides.

1

At first, the player aims to assumegaadruped O
position, then rocking back and touching i
buttocks to the heels and the chest to the thi
The hands remain in front of the body reach
out as far as possible.

-Fists are within 8 inches

-Fists are within 12hches

Fists are beyond 12 inches

-Pain is reported for either shoulder during clearing

-Ankle/dowel resides between milkigh and anterior superior iliac spine
-Ankle/dowel resides between milkigh and midpatella/knee joint line
-Ankle/dowel resides below inhpatella/joint line

-Perform one repetition with thumbs aligned with top of forehead
-Perform one repetition with thumbs aligned to chin

-Unable to perform one repetition with thumbs aligned to chin

-Pain is reported during the clearing test

-Performs one correct unilateral repetition while kagpspine
parallel to surface. Knee and elbow touch

-Performs one correct diagonal repetition while keeping s
parallel to surface. Knee and elbow touch

-Inability to perform diagonalepetition

-Pain is reported during clearing test.
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The FMS was created based on principles of kinaesthetic and proprioceptive awaren
and motor control. The FMS is suggested to require full function of the bodyOs kinet
linking system and aims to test the kinetic chain for restriction in range of motion
highlighting differences or weaknesses in strength or proprioception and subseque
utilisation of compensatory strategies to complete the required move(Gaak et al.,
2006a, h.Compensations are identified as asymmetry where the left and right sides of tt
body are tested independently (such as during the hurdle stexe lange, active straight

leg raise, shoulder mobility and rotational sligbimovements). Compensations are also
identified when an athlete fails to complete a movement pattern due to any combination
weakness or restriction. The compensated movement pattern(s), left untreated, may
reinforced through repetition during tnéng, leading to poor movement patterns being
adopted and used autonomously. Compensatory movement patterns have been identifie
risk factors for injury and may to lead to tuet immobility and instabilitfNadler et al.,
2002. Conversely, previous injury, where an individual may have originally offloaded the
effected limb but not completed appropriate rehabilitation for that linay, also lead to

the suggested Odysfunctional®O movement as detected using ti@oBK&t al. (2006a,
2006b)suggesthat this may be a reason why previous injuries have been identified to b
one of the more significant risk factors in predisposing individuals to further injury.
Irrespective of the cause of the dysfunction, functional deficits can lead to pain, inpliry, ar
decreased performan¢€holewicki et al., 1997; Gardnéforse et al., 1995; BattiZ et al.,
1989! The rational, theffere, is that if the dysfunction can be identified during the FMS
then players at increased risk of injury may be identified using the FMS.

A strength of the FMS is its ease of application, making it more appropriate to th
community setting where resouscare often limited, compared to alternative -pre
participation screen performeéa a professional environme(fuller et al., 20070 Unlike

in pre-participation screen where a medical professional is necessary to conduct the scre
to examine cardiac, pulmonary, and blood keas and neurological functigBrukner and
Khan, 2012 the FMS may be able to be applied by a wide variety of individuals of
differing medical or oaching backgrounds. To date, papers researching FMS have used
range of individuals to deliver the screen including university aged stu@mikz et al.,
2013; Gribble et al., 2013; Teyhen et al., 20dthletic trainergGribble et al., 2013; Onate

et al., 2012 physiotherapistélLeeder et al., 20)@nd accredited strength anahditioning
specialists (CSC®pnate et al., 2032 Throughout these studies theperience of the
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raters in using the FMS varied also. Some raters had no experience of applying the FI
screen(Onate et al.2012 having only read the instructions, whilst others had up to 10
years of experience applying the F{NBinick et al., 2010. This indicates that the FMS is

a screen which a broad range of individuals may be tabt®nduct within a community
club setting.

2.4.4 Functional Movement Screetf reliability

Seven studies have assessed ratersO reliability in conducting and scoring the FMS u
reattime / live application across a variety of participgiiable2.3). Overall study results
indicate that the raters of different background, includistydents researchers,
biomechanics, and strength and conditioning coaches performing the FMS had good
excellent reliability. In a study involving 64 actideity service members researchers,
Teyhen et al. (2012)vestigated the intreater (between session) and iatater (within
session) reliability of FMS as conducted by 8 novice raters (first year physical therag
students). Novice raters demonstrated excellentiater within sessn reliability (ICC, ,

= 0.76) and good intrgater intersession reliability (IGE= 0.74) (Teyhen et al., 2092
(Table 1). The authors also analysed individual component agreement, using weight
kappa statistic, and indicated moderate to good component reliability. The rationa
provided to explain the agreement only being moderate to good was that due to the limit
volume of scores outside of a rank score of 020 the component reliabilitgstiagajle.
Small and zero standard deviations for data was a common occurrence as the m:
participants scored 020 on each task. As such, the composite score should be used
than component scores for athlete assessment.
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Table2.3. Summary of studies assessing the reliability of composite FMS scores under live/real time testing conditions

Rater information Participant information
Study Background FMS training (n)  Profile Measure Results (ICC, 95%CI)
Schneiders e Not stated Not stated 10  Healthy students Inter-rater Inter-rater ICC=0.97 (no ClI).
al., 2011
Onate et al. 2 x Strength & 1 x FMS 19  Physically active; Intersession Intersession ICG 0.92 (no CI)
o . 12 males Inter-rater
2012 conditioning Certified, 1 x 7 females Inter-rater ICC=0.98 (no ClI)
specialists None

Teyhen et al. 8 x physiotherapy 20 hours of FMS 64 Military personnel; Inter-rater Inter-rater ICC=0.76 0.630.85

- Intracrater
2012 tudent trainin 53 males,
0 students aining Intra-rater ICC= 0.74 0.600.83
11 females
Maeda et al. 1x Physiotherapist Physiotherapist 12  Healthy male Intra-rater Intra-rater ICC= 0.95, 094-0.97
2013 with FMS students
certification
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Table 2.3(continued. Summary of studies assessing the reliability of composite FMS scores under live/real time testing conditions

Rater information

Participant information

Background FMS training (n)  Profile Measure Results (ICC95%CI)
Smith et al., 2 x physiotherapy One FMS 19  Physically active; Inter-rater  Inter-rater:
- Testl ICC=0.89, 0.860.95
2013 students certified (not 10 males Intra-rater Test 2: ICC= 0.87, 0.760.94
1 x not stated stated); others ’
. . . 9 females Intra-rater:
1 x Athletic trainer / varied FMS Rater 1 ICC= 0.90, 0.760.96
biomechanist experience Rater 2 ICC=0.81, 0.570.92
Rater 3 1ICC=0.91, 0.780.96
Rater 4 ICC=0.88, 0.720.95
Parenteau et al 1 x physiotherapist All 4 FMS 28  Male ice hockey Inter-rater  Inter-rater ICC=0.92, 0.920.98
. certified,;
2014 3 xphysiotherapy - ticed FMS players Intra-rater  pater 1: ICC= 0.96, 0.920.98
students Rater 2: ICC=0.96, 0.92 0.98
Waldron et al., 1 x not stated Not stated 12 Elite male under 19 Intrarater  Statistics not reported. Reliability

2016

rugby league players

assessed based on C)prac}ically
important reference valueO. No CI
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Both intrarater and interater reliability was found to be excellent in a study on 19 healthy
physical therapy studen{&mith et al., 2013 In a study using four raters with mixed
abilities including (i) a student with FMS experience, (ii) a student without prior FMS
experience, (iii) a noifrMS experienced Athletic training faculty member with a PhD in
biomechanics and movement science, and (iv) a FMS certified rater; measureerents
taken of the 19 subject§he biomechanist, followed by the experieneadthen the non
experienced student raters all had better reliability than the FMS certified rater. The ran
of intrarater ICC values were all excellent having 1GC0.91; 0.90; 0.8 and 0.81,
respectively. The interater reliability was also high on both testing days with EE@89

and ICC = .87 for testing days one and two, respectively.

As part of an investigation into the normative values for FMS in an active population
Schneiders et la (2011) conducted a withiday interrater reliability test using a
convenience sample & 59) of their participants and found their raters (researchers with
similar experience using the FMS) to have excellent reliability for the composite scor
(ICC;, = 0.971) and demonstrated substantial to excellent agre€iKampa = 0.70-1.0)

for the ratesCcomponent scores.

The most recentMS reliability study was conducted using just a single rater on a cohort
of 12 elite rugby league playersvéaldron et al., 2016 Using CooperOs measure of
absolde agreementCooper et al., 20Q7which is a norparametric statistical approgch
results demonstrated that there was no bias between trials for the FMS, with the major
of components reaching 100% OperfectO agreement. The authors concluded that FMS
be reliably administered to eliteugby league players by a certified strength and
conditioning coach of an intermittent standard which included one year of experienc
using the FMS. Despite the small sample size, the use of a single rater and the applicai
of different reliability analsis methods to all other papers, the results are none the les
encouraging and continue the support for the reliability of FMS using tpeigfscale.
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2.4.3 Functional Movement Screef and injury

The association between Function Movement Séleatores ad injury has been
investigated using prospective studies in varying sporting populations with conflicting
results. The first study that investigated the association of FMS score and injury ris
involved 46 Professional American Football playafsegel et al., 207). Players were
screened using the FMS during the-peason anaithin seasorinjuries, defined agary
injury resulting in 3 weeks timkss, were recordedReceiver operator characteristic
(ROC) analysis was used to determine a-@ftDt valuefrom the 21point scorethat
maximised the sensitivity and specificity of the tésim which players at risk of injury
may be identified. Throughout the season 10 (22%) players were injurethjuied
playersO mean FMS score was 13tdn@lard deviatio(i" #86&'() compared to 14.3 (SD

= 2.3) for players who sustained an injury. From the ROC analysis;a@ffcstore of 14
was determined as maximising the sensitivity (sensitiwitys4, 95%CI= 0.34-0.68) and
specificity (specificity = .91, 95%CI= 0.83-0.96) of the FMS cubff (OR) = 11.67,
95%Cl= 2.47-54-52).

Following the study by Kiesel et.g2007), a further 13 prospective cohort studies have
investigated the FMS as a tool for identifying athletes with greater risk of injury. Researc
has beenanducted in professionaKiesel et al., 2014and collegiateWiese et al., 2004
American football, junior hockeyDssa et al., 20)4mixed collegiate/university sports
(Chorba et al., 2010; Garrison et al., 2015; Hotta et allp;2&hojaedin et al., 2014
Warren et al., 2005 mixed sport high schbgBardenett et al., 20)5 professional
basketball Azzam et al., 2015 expeienced Duke et al., 201)7and professional rugby
union (Tee et al., 206) and veteran socceH&émmes et al.2016. The results of these

studies are summarisedTiable2.4.
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Table2.4. Summary of composite FMS score and injury risk research in sporting populations (adapted from Whitak@d &).al.,

Reported as

Authors Sport Sample Injury definition significant Outcomes
risk factors
Chorbaet Collegiate n=38 A MSK injury resulting from FMS! 14 OR=39(1.0-15.1) p<0.05
al., 2010 athletes 18 injuries organized intercollegiate spc Sensitivity= 0.6 (no ClI)
(mixed (46% players) practice or competition the Specificity = 0.7 (no CI)
sports) required medical attention ¢
advice from an ATC, AT studer
or physician.
Kiesel et Professioal n=238 MSK injury resulting in time los¢ FMS! 14 RR=1.9(1.2-3.0) p<0.05
al., 2014 American 60 injuries from preseason practice or game Sensitivity= 0.3 (0.2-0.4)
Football (25% players) Specificity = 0.9 (0.8-0.9)
Asymmetry RR =1.8(1.22.7) p<0.05
Sensitivity= 0.6 (0.5-0.7)
Specificity= 0.6 (0.60.7)
Wiese et al., Collegiate n=144 Initial MSK problem arising fromr None found FMS total! 12
2014 American 93 injuries organized training or gam FMS total!" 17
Football (65% players) requiring medical attention ar FMS total! 18
restricted participation for! 1
days No significant association
Dossa et al. Junior n=20 A physical condition whict None found FMS! 14
2014 Hockey 17 injuries occurred during a game or practi

(85% payers) which resulted in the playe
missing" 1 game.

No significant association
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Table2 .4 (continued. Summary of composite FMS score and injury risk researsparting populations (adapted from Whitaker et al., 2017).

Reported as

Authors Sport Sample Injury definition significant Outcomes
risk factors
Shojaedin  Collegiate n=100 Not stated FMS<17 OR=4.7
etal., 2014 athletes 35 injuries (no pvalue or ClI reported)
(mixed (35% players) Sensitivity= 0.7 (no ClI)
sports) Specificity= 0.8 (no CI)
Garrison et Collegiate n=160 Any MSK pain complaint FMS! 13 OR=9.5(4.3221.8) p<0.05
al., 2015 athletes 52 injuries associated with athleti Sensitivity= 0.5 (no ClI)
(mixed (33% players) participation, that require Specificity=0.9 (no ClI)
sports) consultation with an ATC, PBr
MD and resulted in modifiec FMS! 14 OR=5.6 (2.711.5) p<0.05
training for" 24 hours or require Sensitivity= 0.7 (no ClI)
protective splinting or taping fc Specificity= 0.7 (no ClI)
continued participation
Hotta et al., Collegiate n=4 A MSK injury that occurrec None found FMS! 14
2015 athletes 15 injuries during participation in track an
(mixed (18% players) field practice or competition the No significant association
sports) prevented participation for
weeks.
Warren et University n= 167 First noncontact MSK problerr None found FMS! 10
al., 2015 athletes 74 injuries that resulted in medice FMS! 12
(mixed (44% players) intervention FMS! 14
sports) FMS! 16
FMS! 18

No significant associations
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Table 4 continued. Summary of composite FMS score and injury risk research in sporting populations (adapted from Vihjtakéi7 et

Reported as

Authors Sport Sample Injury definition significant Outcomes
risk factors
Bardenett et High school n=176 A MSK injury resulting from None found FMS! 11
al., 2015 athletes 39 injuries organized high school spo FMS!12
(mixed (22% players) practice or competition the FMS!13
sports) required medical attention (soug FMS! 14
care from ATC, PT, physician ¢ EMS! 15
other health care provider) at FMS! 16
was  restricted from  ful FMS! 17
participation™1 practice or gam No significant associations
Azzam et  Professional n=34 A traumdic or overuse MSK ever None Found FMS! 14
al., 2015 basketball 17 injuries resulting from basketball that le
(50% players) to time loss of"7 days from No significant association
practice and/or game
Tee etal.,, Professional n =2 Any injury that caused a player  FMS! 14 OR=4.3(0.921.0) p<0.05
2016 Rugby 26 injuries be excluded from matches and: noncontact  Sensitivity= 0.8 (0.51.0)
Union 29% practice for a period of 28 days injury Specificity= 0.5 (0.4-0.6)
rate** more
FMS! 13 OR=6.5(1.823.0) p<0.05

contact injury Sensitivity= 0.7 (0.40.9)
Specificity= 0.7 (0.60.8)
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Table2.4 (continued. Summary of composite FMS score and injury risk research in sporting populations (adapted from Whitaker et al., 2017).

Reported as

Authors Sport Sample Injury definition significant Outcomes
risk factors
Hammes et Veteran n =256 Any physical complaint sustaine FMS<10 HR=19(1.1-3.1) p<0.05
al., 2016 Football 114 injuries by a player that result from vs
number of football match or football trainine FMS =1517
injured that results in a player beir
players not unable to take fully part in futur
stated football training and match play
Duke et al., Experienced n =8 Any physical complaint... thatag FMS! 14 OR=10.4 (13-84.8) p<0.05
2017 Rugby 48 injuries sustained by a player during Sensitivity= 0.4 (no CI)
Union (71% players) rugby match or rugby training Specificity=1.0(no Cl)
irrespective of the need fc
medical attention or timiss FMS! 15 OR=3.4(1.310.1) p=0.03
from rugby activities that resulte Sensitivity= 0.4 (no CI)
in a player being unable to take Specificity=1.0(no Cl)
full part in future rugby training o
match play No significant association wit
asymmetry

**Injury rate stated is a percentage of 90 Oplayer observationsO as multiple observations were made for 28 players across two seas:
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Two thirds of studies investigating mixed sports cohorts found no association between t
FMS compaite score and injury risk/(iese et al., 2014; Hotta et al., 2015; Warren et al.,
2015; Bardenett et al., 26). The lack ofassociatiormay be due to each sport having a
different rate of injury and different injury risk factors. For example, in the study by
Bardenett et al. (2013he range of disciplines involved included crossintry, American
football, soccer, swimming, tennis and volleyball. Each sport has a different injury profil¢
and it may be of little surprise that when pooled, analysis indicated a null result. In
sampke of 38 NCAA division 2 female collegiate athletes (soccer, volleyball and
basketball) mean FMS scores for Aojured athletes was FMS 14.7+ 1.3 compared to

13.9 £ 2.1 for athletes that sustained an injury. Athletes that scored FMS <14 wer

associatedvith an increased risk of injury compared to athletes scoring FMIS(OR=

3.9, 95%CI= 1.0-15.1, p<0.05). In this instance, an association between FMS and injun
risk may have been identified as each of the three sports predominate in lowijuirpb
particulrly of the knee and ankl®#&rber Foss etla 2014. Despite this a further study
conducted in professional basketball screened 34 players withgeasen over the course

of four seasons yet failed to establish an association between the FMS composite score
injury (Azzam et al.,, 2015 This may indicate that factors such as playing level, i.e.,
professional compared to collegiate, also influence the association between FN

composite score and injury risk.

In rugby union, two studies both found associations between FMS composite score a
injury risk (Tee et al., 2016; Duke et al., 201Tee and colleagues (2016) useseaere
time-loss injury definition of an injury that resulted in greater than or equal to 28 day:
time-loss from training or match play. By consensuf28 day timdoss injury is a
moderate injuryKuller et al., 2007& thus the definition used did not meet the consensus.
In a two season study, 62 players were assessed, which produced 90 observations
players participated in both seasons but their data was treated as indepéreat)d.,
2019. Effect sizes indicated moderate differences in FMS scores between injured and nc
injured players for both edact (injured 13.1+2.0 vs nenjured M4.3+1.5) and non
contact injuries (injured3.3+£14. vs noinjured 14.34.7). Playershat scoredess than 14

on the FMS were associated with a 6.5 (95%QI.8E23.0) times risk of severe contact
injury compared to players who scored 14 or more, whilerggdess than 15 on the FMS
was associated with a 4.3 (95%€10.9-21.0) times increase in namntact injury

compared with players that scored 15 or mdee(et al., 2016
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Duke and colleagues (2017) recorded all tioss injuries that resulted in tinless from
training or match play, anahalysiswas performed specific to injuries that occurred in the
first half and the second half of the season, respectively. This may be due to injury rat
having been reported as higher in the early season compared to late Redsots (et al.,
2013, though no rationale is presented for this approach. FMS scores for injured and nc
injured players were indifferent (early seasojuried 15.0 = 2.2 vs neinjured 15.6 + 1.3,

late season: injured 15.2 + 2.3 vs aojured 15.9 + 1.2). Players who scored less than 15
on the FMS were associated with 10.4 (95%Q1.3 D84.8) times the risk of injury early
season, and 5.0 (95%€11.0-24.2) times the risk of injury in late season, than players who
scored 15 or more.

Presently no information is available regarding menOs community rugby and th
association between FMS composite score and injury risk. The stodaging rugby
cited in ths review indicatel associations between FMS score and injury risk in
experienced Quke et al., 2017 and ProfessionalTgee et al., 2016players, but these
results may not translate to the community game. Risk of injury in the professional gan
(theexperienced players cohort included international level players) is far greater than th
of the community gameBfooks et al., 2005a, b; Roberts et al., 20I3ifferences in
training load, medical support, and playing intensity between these levels is likely vas
However, the FMS appears to hold potential as a screening tool in rugby and a stu

involving community players is warranted.

A potential limitation common to the FMS sias detailed inTable 2.4, (excluding
Hammes et al., 20)6is the likely difference in exposure of athletes to either training or
matchplay that was not accounted for during analysis. While the fellpweriods for
participants within each study are standardised, participants were followed for the
duration a regular season for the sport they were involved in, individualsO risk of inju
likely vary with their exposure to both training and match play. In both rugby and socce
for example, matciplay is associateditt higher rates of injury than in trainingvflliams

et al., 2013; Mcintosh and Dutfield, 2008b; Hammealgt2015; HSgglund et al., 2009;
Ekstrand et al., 20)0Having recognisethe noncollection of exposure data as a design
limitation, only payers who gained regular selection for the starting team during the
relevant period of competition (selected >60% of matches for which they were available

were included in the FMS study on professional rugby union playeze €t al.,
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2016. Likewise, player data were excluded from analysis if the experienced player
missed moe than 3 games in the first half of the competitive season, or missed thre
games in the second half of the competitibake et al., 201)/ However, large differences

in exposurdime may still have existed. For example, a player who only plays the final 1(
minutes of 61% of games has less chance of receiving a match injury compared with
player who played the full 80 minutes of every game throughout the sé&isolarly, if

only 4 games are played in each half of the season, players missing 2 games per |
season would still be included in analysis despite having only received half the matc
exposure (i.e., risk). An FMS study investigating injury risk in veteran soccer player:
demonstrated a more rigorous approach, whereby each playerOs individual exposure
monitored throughout the study and accounted for during analyaisrfies et al., 2016
Future research should consider a similar approach to monitoring player exposul

particularly of matckplay where injury risk is highest.

2.5  STAGE 3: Develop preventative measures

Stagethree of the sequence of injury prevention involves the identification of possible
solutions to the injury problem and the delivery of appetprpreventative measurasf
Mechelen et al., 1992

2.5.1 Law changes in rugby

Efforts have been made to reduce the riskugby injury globally through a combination

of changes to the laws of rugby (the rules that govern the game are referred to as Olav
and the stricter enforcement of certain laws by referees. Rugby law changes have b
made due to the propensity foury of certain events during game play. In rugby, tackle
events contribute to approximately 50% of all injuri@airaway and Macleod, 199%et
tackles to the head or neck (a Ohigh tackleO) of the ball carrier have a higher propensit
injury (RR= 2.2, 95%CI= 1.6-3.6) (uller et al., 201pthan tackles below the shoulder.
As a result, tackle directives providing clear definitions of a Gaaed were introduced
(World Rugby, 201} Recently, stricter enforcement of the high tackle laws was required
from refereesWorld Rugby, 2016gto further protect the tackled player frdmad and
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neck injuries, and particularly from concussi@ugimano et al., 20)3vhich is the most
frequent head injuryRoberts et al., 2016

Another example of law change implemented to reduce global rugby injury risk involve
the scrum engagement process. Compared to &ollapsed scum, collapsed scrums had
4 timesthe propensity for injury (2.9 (1.95.4) injuries/1000 events) where the severity of
injury was six times greater (22 (E242) weeks timdoss/1000 events)Rpberts et al.,
2014. Catastrophic injuries, for example injuries to the spooatl resulting in permanent
disability, have a dramatic impact when they occur. In rugby, approximately 40% of al
catastrophic injuries that occurred were related to scrumma@iugrije et al., 2002 A

new Ocrouch, bind, set® scrum engagement process was introducedvilosid Rigby,
20195 which was proposed to improve player safetyis new engagement process
reduced the forces associated with the previdtmich, taich, pauseengage@ngagement
process by 20%Pfeatoni et al., 2016; Cazzola et al., 20T4is reduction in forcas due

to the gap between the front row playbesng reduce so players have less space in which
to accelerate before engagememtpled withthe fact thathe propsmust Opebind® on
their opponents shirt to encourage greatabibty during the engagement proce$se

effectiveness of this change is under evaluation.

2.5.2 Education in rugby

An alternative approach to improving player safety has been through national educati
strategies including OTackling Rugby Injur@Ba(mers et al., 2004and ORugbySmartO
(RugbySmart, 2001in New Zealand, and OBokSmaktfjoen and Patricios, 2032in
Sauth Africa. Tackling Rugby Injury was designed around themes relating to prevention ¢
injury including: coaching, fitness, injury management, tackling and foul glagl(ners et

al., 2009, and was performed as a pilot study to inform the development of, and means
evaluation of a large scale tri@i(npson et al., 1999later named RugbySmart.

RugbySmart was a joint initiative between the New Zealand Rugby union and the Accide
Compensation Corporation (ACC), providers of personal injury insurance cover in Ne\
Zealand. In New Zealand, it became compulsory for coaches and referees to compl
RugbySmart requirements annually from 2001 in order to continue their rugby coaching «
refereeing. Evaluation of the effectiveness of RugbySmart implementation on injur
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reduction (based on injury claim rates per 100,000 players) indicatedr5ate redumns
in targeted areas including the knd@R( 90%CI = 0.79, 0.720.87), neck/spineRR,
90%ClI = 0.77, 0.620.97) and leg RR, 90%CI = 0.81, 0.680.97; excluding knee and

ankle) between implementation in 2001 and the evaluation in ZB@&dtti et al., 2000

In South Africa, BokSmart was an initiative between the South African Rugby Union an
the Chris Burger/Pat Jackson Players fun¥i{joen and Patricios, 2032vhich aimed to
prevent catastrophic injuries by providing coaches and referees with evioesed
preventative knowledge and skillgdrhagen and Finch, 20L&t all levels of rugby union

in South Africa Viljoen and Patricios, 2032 A simple preparticipation screen was
developed for use by coaches which evaluated a playerOs medical history in relatior
their potential injury risk from rugby participatio®dtricios and Collins, 20)0Freely
accessible educational resources were provided on a variety of rugby relatedatopias,
Rugby Medic Programme aimed at training underprivileged rodgoying communities
was run Viljoen and Patricios, 2032 An evaluation of the effectiveness of BokSmart in
reducing catastrophic injury indicated a 40% reduction in Junior catastrophic injun
involving the head and neck (IRR0.6, 95%CI= 0.5-08), with nodifference in Senior
players (IRR=1.2 (0.72.0) Brown, 2013.

To inform future development and dissemination plans for B&§ injury prevention
behaviours of coaches were assessed from 3921 player questionnaires GuBKS,
senior= 1642) following BokSmartOs coadinected educatiorBfown et al., 2016 Data
pertaining to 16 behaviours were collected using Knowledge, Attitude and Behaviot
guestionnaires, where analysis indicated 75% of coach behaviours were associated v
receiving information on that topic. However, resuiso highlighted thateferes and
Physiotherapists could also be targeted with safety information, and that information f

players should be made age specific.

2.5.3 Exercise training in team sports

Sports injuries are the result of the bodyOs tissue being exposed to a forceitiseyonc
tolerance, either as an acute excessive load or following repetitive exposure to submaxir
loads that result in injuryMcintosh, 200% Exercise training strategies may positively
influence a playerOs posture and kinematics, thus reducing injurious loading patterns :
facilitating the bodyOs ability to withst the external load. Movement control exercises

have been proposed as an approach to reduce sports injury by improving the kinematics
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the musculoskeletal system via neuromuscular trainMgintosh, 2005; Myer et al.,
2006. Movement control exercises target improvements of balance, proprioception ar
coordination, eccentric strength and cutting and landing technique. No randomise
controlled tral has reported these types of exercise as a preventive measure in rug
despite a number of trials from sports including socBedérman et al., 2000; Heidt et al.,
2000; Soligard et al., 2008; Gilchrist et al., 2@8ery and Meeuwisse, 2010; Holmich et
al., 2010; LaBella et al., 20}, Ibasketball Eils et al., 2010; LaBella et al., 2011; Longo et
al., 2013, handball (Wedderkopp et al., 1999; Andersson et al., 20fl6éorball (Pasanen

et al., 2008 and Australian rules footbalFinch et al., 2015; Hides and Stanton, 2014;
Gabbe et al.,@6).

The results of randomised controlled trials (RCTgt implemented exercise training
programmes for injury prevention are detailedlable2.5 andTable2.6. These studies
have been divided into programmes needing specialised equipment, includin
wobble/balance boards, nmMtrampolines, medicine ballsw&s balls and exercise bands
(Table 2.5), and programmes with no equipment requirememtlé 2.6). In these
studies, the main focus is omepention of lower limb injuries as this is the predominant
injury location across the sports, with just one paper that investigated overuse shoulc
injuries (Andersson et al., 2016
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Table 2.5. Summary of injury prevention randomised controlled trials where injury prevention interventions required participaats to us
equipment to complete the exercises

Authors Intervention Population Sample Injury focus Outcome (95% CI)
elements size
Wedderkopp et al., Multi modal Youth female n =37 Lower-limb OR=0.2 (0.20.3)
1999 including ankle disc handball
Soderman et al., 2000  Wobble board Women's n=21 Lower-limb:
soccer Practice RR =.2(0.7-2.1)
Game RR=1.2 (0.53.4)
Minor RR =.0(0.52.2)
Moderate RR=0.78 (0.31.9)
Major RR =1.0 (2.157.3)
Emery et al., 2005 Multi modal Healthy youth n =27 Overall RR=0.2 (0.1- 0.9)
including wobble
board
Olsen et al., 2005 Multi modal Youth sports  n=1837 Lower imb RR=0.5(0.40.8)
McGuine and Keene, Wobble board High school n=765 Ankle sprains RR=0.6 (0.41.0)
2006 athletes
(mixed sex)
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Table 2.5 ¢ontinued Summary of injury prevention randomised controlled trials where injury prevention interventions required participants to
use equipment to complete the exercises

Authors Intervention Population Sample Injury focus Outcome (95% CI)
elements size
Pasanen et al.,, 2008  Multi including Female n=457  Lower-limb: Acute (all) RR=0.7 (0.50.9)
medicine ball and Floorball Noncontact RR =.3 (0.20.6)
wobble board
Emery and Meeuwisse Multi including Youth soccer n=744 Overall RR=0.6 (0.481.0)
2010 wobble board (mixed sex) Acute onset RR =.6 (0.40.9)
Lowerlimb RR=0.9 (0.41.1)
Ankle sprain RR =.5(0.21.0)
Knee sprain RR=0.4 (0.21.8)
Hides and Stanton, Multimodal including MenOs n=46 Lower-limb injury OR=0.1 (0.020.7)*
2014 pilates and ultrasoun Australian
feedback Rules Football
Finch et al., 2015 PAFIX (multi modal MenOs n=1564 Overall RR =.9(0.71.2)
using mint Australian Lowerlimb RR=0.8 (0.61.1)
trampoline Rules Football Knee RR =.5(0.21.1)
Andersson et al., 2016 Multimodalbusing  Elite handball n=667 Overuse shoulde OR=10.8 (0.51.0)
medicine ball and (mixed sex)

ankle disc

*refers to motor control training occurring before time point 3 where interventer88 andcontrol n= 14.
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Table2.6 Summary of injury prevention randomised controlled trials using exercise based interventions to reduce injury.outcomes

Authors Lr;;er;\;enrtlgon Population Si?ggle Injury focus Outcome (95% CI)
Pope et al., 1998 Stretching Army recruts  n=1093 Below knee HR=0.9 (0.51.6)
Heidt et al., 2000 Proprioception Youth female n=300 Lowerlimb OR=0.4(0.21.0)
soccer
Pope et al., 2000 Stretching Army recruits n=1538 All lower-limb HR=1.0(0.81.2)
Softtissue HR =.8 (0.61.1)
Bony injury HR=1.2 (0.91.8)
Gabbe et al., 2006 Eccentric strength MenOs n =334 Hamstring injury RR =.2 (0.52.8)
Australian rules
football
Emery et al., 2007 Proprioception High school n=920 Any acute RR =.8(0.61.1)
basketball Acute onsel RR=0.7(0.51.0)
(mixed sex) Lowerlimb RR =.8(0.61.2)
Ankle sprain RR=0.7 (0.51.1)
Soligard et al., 2008  FIFA 11+ Youth female n =892 Lowerlimb:
soccer Overall injury RR=10.7 (0.51.0)
Overuse injury RR =.5(0.30.8)
Severe Injury RR=0.6 (0.40.8)
Gilchrist et al.,, 2008  Santa Monica Collegiate n=1435 Knee:
Prevent injury & female soccer Overall knee RR=1.0 (0.71.6)
enhance performanc ACL RR =.6(0.21.4)
(PEP) Non-contact ACL RR=0.3 (0.21.4)
Brushoj et al., 2008 Multi modal Adult army n=1020 Overall knee RR =.1(1.61.1)
recruits Overuse kne¢e RR=1.1 (1.601.1)
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Table 2.6 ¢ontinued Summary of injury prevention randomised controlled trials using exercise based interventions to reduce injury.outcomes
Intervention Sample

. : )
Authors elements Population size Injury focus Outcome (95% CI)
Steffen et al., 2008 FIFA 11 Youth female N =2092 Overall injury RR=1.0(0.81.2)
soccer
Eils et al., 2010 Proprioception Basketball n=232 Ankle OR=0.36 (0.20.8)
Holmich et al., 2010  Multi Soccer n=1211 Groin (adductor relatedc HR=0.7 (0.41.2)
Jamtvedt et al., 2010 Static stretching Physically n=2377 Overall injury HR=1.0 (0.81.1)
active adults Muscle, tendon or ligaent HR =.8 (0.61.0)
Coppack et al., 2011  Strength & stretching UK army n=1502 Overuse anterior knee pa HR =.3 (0.20.5)
recruits
LaBella et al., 2011 Multi Female soccer n=1558 Lowerlimb: Acute RR=0.3(0.21.0)
& basketball NC ankle sprains RR =.3(0.20.9)
athletes NC knee spraint RR=0.3 (0.20.9)
NC ACL RR =.2(0.01.0)
Petersen et al., 2011  Strength MenOs soccer n=942 Acute hamstring Nev RR =.3 (0.20.6)
hamstring RR=0.4 (0.20.5)
Walden et al., 2012 Strength Youth female n=4564 Acute knee: Overall ACL RR=0.4(0.20.9)
soccer Complaint ACL RR =.2(0.20.6)

Overdl knee RR=0.5(0.30.9)
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Table 2.6 ¢ontinued Summary of injury prevention randomised controlled trials using exercise based interventions to reduce injury.outcomes

Intervention

Sample

. . 0
Authors elements Population size Injury focus Outcome (95% CI)
Longo et al., 2012 FIFA 11+ Men's n=1211 Overall OR=0.3(0.20.6)
basketball Lower-limb OR =.4(0.20.8)
van Beijsterveldt et al., FIFA 11 Amateur men's n =456 Overall RR=1.0(0.81.2)
2012 soccer
Steffen et al., 2013 FIFA 11+ Youth female n =26 Overall, RR=0.3(0.20.8)
soccer Lowerlimb RR =.3(0.21.0)
Grooms et al., 2013 FIFA 11+ Collegiate male n=41 Lower-limb RR=0.3 (0.20.9)
soccer Burden RR =.2 (0.20.5)*
Owoeye et al., 2014  FIFA 11+ Youth male n=414 Overall RR=0.6(0.40.9)
soccer Lower-limb RR =.5(0.30.8)
3 Match RR=0.4 (0.20.6)
Hammes et al., 2015 FIFA 11+ Veteran menOs n =265 Overall RR=0.9 (0.61.5)
soccer
SilversGranellietal., FIFA 11+ Collegiate male n=1525 Overall RR=0.5(0.50.6)*
2015 soccer Training RR=0.5 (0.40.6)
Game RR =.6(0.5-0.7)*

*Indicates where outcomes were calculated using data presented in the article.
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Over half of all injury prevention RCTs were basedaacer (17/31 trials). Soccer has the
worldOs largest playing population @epd at 265 million WorldwideKunz, 2007 and

thus the greatest potential all sportsfor impact on health, social and economic injury
burden. While the theory that movemieontrol exercise interventions may reduce injury,
in practice, the efficacy of interventions has varied. Of studies that required the use
equipment Table2.5), two (20%) of ten studiesSpderman et al., 2000; Finch et al., 2015
demonstrated no clear reductionns@tchlower-limb injury (game RR, 95%CkE .2, 0.5

3.4), thoughFinch et al. (2015)lid demonstrate reduced risk of anterior cruciate ligament
injury (RR, 95%CI= 0.5, 0.2-1.1). Poor compliance with a horimsed balance trang
programme was suggested as a factor effecting intervention success in womenOs sc
(Soderman et al., 20p0despite the research team having contacted players directly tc
maintain motivation. In contrast to this, a hebssed balance training programme in
youth athletes (participating inoscer, volleyball, basketball and hockey) was
demonstrated to be efficacious (overall injury RR, 95%.2, 0.10.9) Emery et al.,
2009. While intervention compliance wasnOt owented on in this study, itOs possible that
youth athletes were more accepting of the programme and compliance was probably hig|
compared to adultsSpderman et al., 20p0and as a result and the programme was
demonstrated as efficacious in reducing injury. Ei@@o) of the ten studies reqing
equipment did demonstrate efficacy in reducing injury. The common theme across the
studieswasthe focus on balance and proprioception (excludingersson et al. (2016)
where tle focus was on uppérody range, mobility and strength, aHtles andStanton
(2014) where the focus was on voluntary muscle contraction of deep abdominals ar
multifidus) suggesting that balance and proprioception exercises should be considered

injury prevention programmes where lowenb injury is dominant

Twenty-threeintervention trials Table 2.6) had no requirement for specialist equipment.
Eight (35%) of the twentyfive trials demonstrated unclear effects on overall injury rates
(Pope et al., 1998; Pope et al., 2000; Gilchrist et al., 2008; Brushoj et al., 2008; Holmich
a., 2010; Jamtvedt et al., 2010; van Beijsterveldt et al., 2012; Hammes et a)., @015
theseeightstudies five studies included static stretching of Ieliveb muscles such as the
hamstring, quadriceps and calf muscléXpe et al., 1998; Pope ét, 2000; Gilchrist et

al., 2008; Brushoj et al., 2008; Jamtvedt et al., 20A0metaanalysis considering static
stretching interventisconcluded that routine static stretching does not eedwerall
lower-limb injuries but may reduce musculotendinous injur@dll et al., 2008 Static
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stretching exercise is not efficacious to include in an injury prereptogramme unless a
reductionin tendon injuriess a primary outcome, such as demonstrated in handball, where
overuse injuries effecting the shoulder tendons were a primary codgstar§son et al.,
2016).

Efficacy of theFIFA 11+ has beerdemonstrated across a range of participanslving
differentsports. The FIFA 11+ does not require specialist equipment, and uses a range
balance, proprioceptive and coordination exercises, combined witbntdcc and
plyometric strength, with a focus on movement quality during landing and cutting task
(Soligard et al., 2008 Trials have demonstrated the FIFA 11+ as efficacious for lower
limb injury prevention in youth femal&i{effen et al., 2013; Soligard et al., 2D0Ogouth
male Owoeye et al., 20)4and collegiate maleSflversGranelli et al., 2016 soccer
players and menQOs basketball playkeosido et al., 2012 Of the two studies that were
unable to demonstrate a reduction in injury rates following FIFA 11+ implementatior
(Hammes et al., 2015; vaBeijsterveldt et al., 2092 neither reported harm following
implementation. On the balance of this evidence, practice of the FIFA11+ programm
should be recommended to all soccer players, and similecigse® may be beneficial for
reducing lowedimb injury in other sports, including rugby.

Considering the components of the FIFA 11+ programme, proprioceptive and plyometr
exercises improve playersO ability to manage external loads due to enhanceceptofei
feedback mechanismd.l¢yd, 200). Evidence demonstrates that eccentric hamstring
training, such as the practice of the Nordic hamstring exercise can reduce the incidence
hamstring injuriesArnasonet al., 2008; Brooks et al., 2006; Gabbe et al., 2006; Seagrave
et al., 2013 Eccentric hamstring strength was found to be a protective exercise again
hamstring injury in pofessional rugby player8Bfooks et al., 2006where players that
performed eccentric hamstring exercises (IIR, 95%@).39, 0.250.54) demonstrated
reduced overall (match and training) hamstring injury rate compared to players wh
performed their regular strengthening programmes @&RCl= 1.1, 0.741.4). CoachesO
feedback to players regarding performance of cutting and landing tasks may facilita
players to correct poor movement patterns thus reducing harmful external loads associa
injury risk. Feedback provided with the intention ofrreating torso posture, torso

movement and foot placement relative to the bodyOs centre of mass may reduce risl
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injury by reducing valgus knee loading such as during cutting and landing Reskpgey
et al., 2007; Dempsey et al., 2009; Dempsey et al.,)2014

With respect to shouldenjury prevention, overuse injuries were reduced (OR, 95%ClI
0.8, 0.51.0) following a programme of external strength training, thoracic and
glenohumoral joint mobility exercisgAndersson et al., 2016The aetiology of rugby
shoulder injuries is not of overuse but predominantly blunt force trati@adey et al.,
2007). As part & BokSmart a guide was produced for preventive rehabilitation of the
shoulder Gray, 2009. The BokSmart guide details a progressive programme of exercise
including scapular control, glenohunab joint control, concentric and plyometric
strengthening exercises. Thwdesof exercise included reflect those evidenced for lewer
limb injury prevention, however no evidence regarding the efficacy of the programme he
been published. While some exses from the programme including pugbs, windmill,
scapula protraction and retraction, and step walking could be incorporated into
programme for menOs community rugby, the majority exercises require provision of fitne
equipment, and with a recommenddapplication of exercises up to 3 times a day 5 times
per week, the programme would may require substantial revision to suit the context of

community rugby club, who commonly trgjust twice weekly.

Fifteen per cent of all rugby injuries are to tiead and neclkRpberts et al., 20)3vhere
concussion is the predonaint diagnosisRoberts et al., 20}6Incidence of concussion in
rugby ha been reported at a rate of /10 hours Roberts et al., 2036 Concussion is

the most common timss related head injury and accounts for up to 12% of all pitch
attendances for head based injuolferts et al., 2034 Limited research exists on
methods that may preveobncussive events, while across sports the two main approache
used to prevent head injuries include using a helmet and rule modificBiefieif et al.,
2010. Studies have investigated isometric neck strength in relation to head accelerations
sports atletes and professional rugby playeEskner et al., 201Dempsey et al., 2015
Greater isometric neck strength transferred into lesser head accelerations when tested \
a loading apparatug&¢kner et al., 20)4and during a simulated ruck conditidbgmpsey

et al., 2015 Both studies suggested that decreasing the acceleration of the head maybe
important component in reducing the incidence of concussion. Importantly, a basi
programme of isometric neck strength trainimgs been shown to significantly increase

isometric neck strength in professional rugby players after just 5 weeks of trabaagy(
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et al.,, 2013 and that a significant decrease in the number of cervical spine injuries wa
seen in elite players using an isometric neck strengthening progravansé et al., 2013

No evidencas currently available regarding neck strength and associated injury incidenc
in the community game. However, given that community players arenOt as high
conditionedas elite players,community players have greater potential for resistance
training toincreasecervical spine muscle strength andeducesubsequent risk of cervical
spine injury or concussion. To further evidence supporting isometric neck strength trainir
as a preventative measure foead and neckn community players, a prevention
programme incorporating isometric neck strength training needs to be implemented
community rugby where the incidence of concussion and cervical spine injury is als

measured.

2.5.4 Injury prevention via movement control exercise inenOsommunity sport

Relatively little sports injury prevention research using movement control exercis
programmes has been published specific to the context of community sports environmer
From Table 2.5 and Table 2.6 only four studies Kinch et al., 2015; &bbe et al., 2006;
Petersen et al.,, 2011; Hammes et al., 2Gdmsidered community players (exceptions
noted that both professional and amateur playerscigating in the study b¥Petersen et

al. (2011)andHammes et al. (2019%nly included veteran players). Of these studies, the
only research group to detail the many processes involved before conducting a randomit
controlled tral is that of Fincrand colleagueswvhich justifies specific attention due to the

focus of this thesis.

The Preventing Australian Football Injuries with Exercise (PAFEin¢h et al., 2009
protocol was published and then integrated as part dfiatienal Guidance for Australian
football Partnerships and Safety (NoGAPS) Projeatiah et al., 2011 The development
of the PAFIX programmwas a 4 year process, spanning 2006 to 26Dl et al., 2000
where the efficacy of the programme for loviienb injury reductionwas published in
2015 finch etal., 2015 Table 2.5). This research aligns withagfes 1 to 4 of TRIPP
(Finch, 2006. Elements from NoOGAPS projedilso target the implementation and
dissemination strategies necessary far éffficacious programme to become an effective
programme ¢tages and 6 of TRIPPEFinch, 200§. The processes involved to achieve this
are described through a series of publicatidisch et al., 2010; Finch et al., 2011; Finch
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et al, 2019, with the process having taken over 10 years, and is ongoing. The rationale fi
the studies to prevent injury in Australian rules football in Australasely reflectsthe
justification for injury prevention in rugby in Etand as detailed imable2.7.

Table 2.7 Comparison ofthe rationale that justifies the need for injury prevention in
Australian rules football in Australia and Rugby in Eamgl (adapted fronfinch et al.,
201))

Australian rules football Rugby
¥ is the second most popular ¥ is the second most popular team bi
participation sport in Australian mer sport in the UK $port England,
(Swan et al., 2009 2019

¥ has large numbers of both formal ar ¥ has large numbers of both formal
informal community participast and informal community participani
including women and indigenous (World Rugby,20168
groups Australian Bureau of
Statistics, 200y

¥ is delivered through strong networks ¥ is delivered through strong network
of local clubs within regional league of local clubs within regional

with common administration leagues with common administratic
(RFU, 2017
¥ is arguably the best resourced and ¥ is awell resourcecnd
institutionalised sport in Australia in institutionalised sport in England in
terms of administrative, governance terms of administrative, governanci
and management networks and management networks

¥ has a high media and public profile ¥ has a high media and public profile

¥ has structured training programmes ¥ hasstructured training programmes

provided by clubs and coaches provided by clubs and coaches
¥ has a strong focus on group ¥ has a strong focus on group
participation and team building; participation and team building

¥ is arelatively higkrisk community ¥ is a relatively higkrisk community
sport for lowe-limb injury (Gabbe sport for lowerimb injury (Roberts
and Finch, 2001 etal., 2013
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For the development and evaluation of an efficacious exercise intervention programme
phases were outlinedrifich et al., 201)1 Phase 1 included the translation of available
scientific evidence for injury prevention into formal, practical exercise training guidelines
for dissemination to community clubs. A mixed methods approach was used wherel
guantitative evidence was gathgéfeom published research, and qualitative evidence was
developed through discussion with stakeholders and consultation with a wider group
experts(Finch et al., 2011 Phase two was the refinement of the intervention by obtaining
feedback on the programme content and forrRaase twdfacilitated development of
guidelines to improvethe understanding and likelihood of implementation, alongside
informing any further materials that were considered necesyathe endusers(Finch et

al., 201). Phase 3 was then the conduction of a randomised controlled trial to assess f
efficacy of the intervention antb gain further insight into enablers and fens to
programme implementation before nationwide dissemination and evaluatidhe of
programmeQeaffectiveness. This process provides a method that could be applied durir
the development of an injury prevention exercise programme for menOs comnglnyity ru
in England.

2.6  Chapter summary

The process of preventing injury in menOs community rugby should be guided by t
stages proposed in the Translating Research into Injury Prevention Practice Foxtel (
2008. Injury surveillance has identified the burden of injury in menOs community rugby
and bhat this burden is relatively high, warranting means of reduction. Further research in
the risk factors for injury, particularly intrinsic risk factors that may be modifiable through
intervention means seems justified. Beason screening using the Rioal Movement
Screen appears to be a method of identifying rugby players that may be at increased ris}
injury, guiding practitioner intervention. Further research using the FMS is warranted fc
menOs community rugby where a robust statistical apprshobld be applied.
Specifically, the statistical approach used should account for playersO individual mat
exposure, as this has rarely been done in practice. Reflecting on research into injt
prevention in other sports, it is clear that movement cbakercises performed regularly

during a warrup can be very beneficial in reducing lowenb injuries. Such an approach
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would greatly benefit menOs community rugby, though with a very different injury profile
to sports such as soccer and basketball,va pregramme is warranted that reflects the

injury profile o rugby. An informed approach during the design of any such programme
must account for the context specific nature of community menOs rugby in order
maximise compliance, thus maximise the po#&trduccess of any such programme. It is

clear that before a large scale trial of a new exercise intervention is conducted, a feasibil
study is warranted to inform the specific implementation context of menOs communi

rugby.

70



CHAPTER THREE

ASSOCIATION OF THE RUNCTIONAL MOVEMENT SCREEN
WITH INJURY OUTCOMEIN MENOS COMMUNITY RIGBY

3.1 Introduction

In menOs community rugby, one player gets injured every three team Baberss(et al.,
2013. On average the sevgridf these injuries requisdive weeks out of competition in
order toresolve(Roberts et al., 20)3However, injury risk factors in rugby are poorly
understood with the exception of previous injury, which has consistently been identified ¢
a risk factor for further injuryQuarrie et al., 2001; Chalmers et al., 201Ris important

to identify risk factors, in particular modifiable risk factors, ihform injury reduction

strategies.

One approach to understanding a playerOs injury risk is to conduct screening, but scree
often requires expertise of a skilled practitioner duehtocomplexity of the different
screengBrukner and Khan, 2@). A simple and quicko-perform injury risk assessment
would be of great benefit to community teams. The Functional Movement St(E&iS)

is economical to administer requiring little practitioner time and where the cost o
equipment is not prohibitiveCook et al., 2006a,)b The FMS consists of seven movement
patterns that assess individualsO strength, balance and range of@uxiloet al., 2006a,

b). The primary function of the FMS is to identify areas of movement deficiency in
individuals, but it has also been used to assess injury risk in a range of athletic populatio
thoughwith conflicting results. The FMS washassociated with injury risk in runners
(Hotta et al., 2016 high schoolmixed sportsathletes(including crosscountry, football,
soccer, swimming, tennis and volleybaBafdenett et al., 20}5division 1 mixed sports
athleteqincluding basketball, footballolleyball, track and Field, swimming, soccer, golf
and tennis) \(Varren et al., 2005o0r professional soccer playergZafai et al., 201p
However, associations with injury risk have been identified in collision based sport
including American footballKiesel et al., 2007; Kiesel et al., 20hd rugby unionTee

et al., 2016; Duke et al., 201Tn American football, movement competengyesel et al.,
2007 and presence of left to right asymmetKiesel et al., 204) were associated with

increased risk of injury. In contrast to these results, in rugby union movement competen
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(Tee et al., 2016; Duke et al., 201ahd individual movement pattern scoréed et al.,
2016 were associated with increasesk of injury, but asymmetry and risef injury were

not associatedduke et al., 2017 However, none of these studies accounted for players(
match exposure which is associated with agknjury in rugby Williams et al., 201). In

fact, only two studies have ammted for playersO match exposure during analysis
(Hammes et al., 2016; Chalmers et al., 2017 veteran football playerséjammes et al.
(2016) reported no clear association between in FMS score and playing time until firs
injury. In junior Australian football playersChalmers et al. (2017&lso reported no
association between FMS score and injury. However, the presence obromere
asymmetries was associated with a very likely harmful 1.9 times incredsk af injury,
escalating to a most likely harmful 2.8 times risk of injury where players had 2 or mor
asymmetries Ghalmers et al., 20)7As such asymmetry shoulite considered during
future analysis of the association between FMS performance and injury.

This study will investigate the association between FMS performance (including th
influence of movement asymmetry and pain), individual player match exposutenand
loss injuries, and whether a enff score for the FMS can be established for a menQOs

community rugby population.

It was hypothesised that players with a FMS score <14 would have a higher injury ra
than players with an FMS score of 14 and abowsak also hypothesised that players that
displayed either pain, or asymmetry on FMS testing would have a higher injury rate the
players that did not have pain or demonstrate movement asymmetry.

3.2 Method

3.2.1 Participants

The playing population from which thetudy sample was recruited has previously been
described as Semprofessional (Rugby Football Union (RFU) levelgl;3highest level of
English community rugby), Amateur (RFU level§spand Recreational (RFU levels9y
(Roberts et al.,, 2033 An inclusion criteria was that participating clubs had &wveh
Omedical practitherO that held recogrsed qualification limited tosports therapist,
osteopath, chiropractor, physiotherapist, or doctatiagnose andecord injuries At the

time of recruitment, participants were injury free (sefborted) and all were considered b
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the coaching team to be eligible and under consideration to play in the club@s for

the forthcoming season.

3.2.2 Ethical approval and consent

Participating clubs were provided with study information and full instructions for testing
procedures prioto the testing session taking place which was then disseminated to a
players who provided written informed consent at the start of the testing sdsiims.
approval was granted by the University of Bath, Research Ethics Approval Committee fi
Health.

3.2.3 Examiners

Fourteen people acted as raters during the 