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Abstract

This thesis by publication is entitled ‘Development and application of holistic injury prevention
strategies in pre-elite sport: Implementation in Australian netball’. Pre-elite athletes sustain high rates
of injury at a critical point in their careers. Translating Research into Injury Prevention Practice (TRIPP)
is a well-established framework for injury prevention. It consists of six stages and has provided the
foundation for this investigation into injury prevention in pre-elite athletes as it has been promoted as
an approach that leads to quantifiable real-world injury prevention outcomes. To assess the usefulness
of this framework in pre-elite athletes, due to the time constraints of a PhD, netball was used as an

exemplar sport.

This thesis comprises five studies, of which four have been published, with one currently under review
and being considered for publication. The first study applies TRIPP Stages 1 and 2 by conducting an
injury surveillance study and establishing the aetiology and mechanisms of injury at the 2018 17/U &
19/U Australian National Netball Championships (ANNC). This study found an injury incidence rate
of 89.4 injuries per 1000 player hours, with ankle sprains being the highest medical attention and sports
incapacity injury. Foot blisters and lower back pain were also frequent medical attention injuries, while
anterior cruciate ligament (ACL) rupture and sport-related concussion were the next most frequent

sports incapacity injuries.

TRIPP Stage 3 is focused on developing injury prevention strategies and the first step is to obtain
research evidence. Therefore, our second study was a systematic review investigating injury prevention
strategies specific to pre-elite athletes competing in Olympic and professional sports. Eleven studies
were identified demonstrating limited evidence supporting exercise and psychology interventions and
no evidence supporting the use of equipment or nutrition strategies for preventing injury. This work
established that there is a need for high-quality methodologically rigorous research studies to evaluate

the efficacy of injury prevention interventions for pre-elite athletes.

The third study, demonstrating TRIPP Stage 4, consists of a randomised controlled trial to assess the

effect of ankle tape and taping procedures on proprioception. Netball Australia has an ankle taping
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policy whereby pre-elite netball athletes are encouraged to prophylactically tape their ankles, but there
is a lack of scientific evidence supporting this policy. This study demonstrated that proprioception
improves and is maintained during a netball session with either Sport and Exercise Physiotherapist

(SEP) applied or self-applied ankle taping.

TRIPP Stage 5 encourages implementation planning to optimise injury prevention strategy
effectiveness. Netball Australia introduced the KNEE (Knee injury prevention for Netballers to
Enhance performance and Extend play) program to reduce lower limb injuries. Ankle and knee injuries
were the injuries with the highest burden at the 2018 17/U & 19/U ANNC. Therefore, our fourth study
investigated how the implementation of the KNEE program could be improved by using concept
mapping to identify barriers to its implementation. The coaches, strength and conditioning coaches and
physiotherapists working with the 17/U & 19/U State teams identified ‘athlete engagement’,
‘supervision & correction of technique’, ‘time constraints’, ‘athlete technique’, ‘education’ and ‘support
staff resourcing’ as the most important and difficult challenges to implementing the KNEE program in

pre-elite netball.

The fifth study fulfils TRIPP Stage 6 by assessing the effectiveness of a foot blister prevention strategy
at the 2019 17/U & 19/U ANNC. Foot blisters should be easily prevented with correct footwear and
hygiene but were one of the most prevalent injuries at the 2018 17/U & 19/U ANNC. The strategy
employed in 2019 consisted of every athlete receiving an advice sheet and blister prevention pack
(Appendix 17) six weeks prior to the ANNC commencing. A no new shoe less than four weeks before
the 2019 ANNC policy was also introduced. Injury surveillance was repeated in 2019, identifying an
incidence rate of 82.5 medical attention injuries/1000 player competition hours. Ankle sprains, lower
back pain and foot blisters continued to be the most frequently reported medical attention injuries. There

was no change in foot blister frequency from 2018 to 2019.

This thesis has identified that the TRIPP framework is useful in guiding essential steps for injury
prevention but difficult to apply in the way it was intended in the ‘real world’. We identified that ankle
sprains, lower back pain and foot blisters were the most prevalent injuries at the 2018 & 2019 17/U &

19/U ANNC, and that ACL rupture and sports-related concussion resulted in the greatest sports
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incapacity. Netball Australia had already implemented injury prevention strategies for ankle sprains and
ACL rupture. Therefore, the TRIPP Stages should be used as a guide for continual improvement to add

value rather than applying the TRIPP model sequentially as it was originally intended, particularly with

sports with established prevention programs.
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Chapter 1 Introduction

Background

Sport plays an important role in the lives of Australians. More than 90% of Australian adults express
some interest in sport, with 14 million Australians participating in sport each year.>? High-performance
sport has become increasingly competitive; with countries investing hundreds of millions of dollars in
elite programs.?2 Some Australian sports, however, struggle to stay competitive and rely heavily on
government funding to stay afloat. With limited resources, it is more important than ever that the
available money is used wisely.? Injury has been shown to cause 17% of Australian track and field

athletes to retire before age 18,% more research is required to establish attrition rates across other sports.

Athletic development is multifactorial and integrative, dependent on physical growth, biological
maturation, skill development and behavioural development.* The Foundations, Talent, Elite and
Mastery (FTEM) model is a guiding framework for athletic development (Figure 1),° recognised by the
International Olympic Committee (I0C)* and utilised extensively within Australia and internationally.
It provides a visualisation of the three major stages of athlete development — Foundational, Talent and
Elite/Mastery. It establishes a continuum between participation and sports mastery with ten
development phases, which allows for greater understanding of athlete development and progression.
The ‘Talent’ stage starts with T1, marking the beginning of the high-performance pathway. This
development phase involves an athlete demonstrating their potential through formal and informal talent
identification processes. The next level (T2) requires the athlete’s talent to be confirmed by immersing
them in realistic training and competition contexts. T3 and T4 are collectively known as the pre-elite
stage, defined by the FTEM framework as Talent: Practising and Achieving (T3) and Talent:
Breakthrough and Reward (T4).5 The T3 phase contains the largest cohort of potential elite athletes, as
athletes can remain at this level from 1-8 years or longer.> However these athletes can be vulnerable to
injury and illness because of a lack of support at this stage of development.® An important part of success
is the avoidance of injury and illness as the athlete develops,® yet the pre-elite population has been

shown to be at high risk of injury®>”# compared to athletes at other FTEM levels.® The increased risk of



injury at this stage of development can potentially result in a ‘bottleneck’ for development because of
dropout® and an increased prevalence of subsequent injuries,’®!* hence limiting Australia’s talent

pool.*213 To date, there has been limited research focused on the pre-elite population.

Figure 1: The integrated FTEM (Foundations, Talent, Elite, Mastery) framework. Image courtesy of the Australian Sports
Commission, http://www.ausport.gov.au

Injuries in pre-elite athletes

Age and FTEM level align in many sports; however, FTEM level is not defined by an age group, with
many, but not all pre-elite athletes in their adolescent years. The 10C has released a consensus statement
on youth athletic development outlining some of the challenges faced by adolescent athletes. These
challenges include a rapid increase in training load, insufficient rest and recovery, growth and a lack of
support services compared to elite athletes.*'*'® The 10C consensus statement clearly states that ‘no

youth athlete should compete-or train or practice in a way that loads the affected injured area, interfering



with or delaying recovery-when in pain or not completely rehabilitated and recovered from an illness

or injury’.* A number of recent studies have reported high injury rates in pre-elite athletes,3°16-19

A prospective controlled cohort study investigated injury rates for semi-professional football leagues
during the German 2015-16 season.® Data were collected by means of a self-administered questionnaire
and a mid-season injury report provided by medical staff. Results showed that elite junior (i.e., pre-
elite) footballers had the highest incidence rate of overuse injuries (7.4/1000hrs) compared to the

highest division of semi-professional football (5.4/1000hrs; RR 1.37, 95%CI 0.95-1.98; p=0.04).

Pre-elite injury rates were also assessed at 15 national sports high schools in Sweden using a prospective
cohort study.!’ By definition, all adolescent athletes studying at National High Sports Schools are elite
athletes. To attend these schools, athletes need to be among the top in terms of ranking in their age
group for respective sporting events, on national level ”*” A weekly self-reported questionnaire (Oslo
Sports Trauma Research Centre (OSTRC) Health Problems Questionnaire (HPQ)% and additional
questions developed by Jacobsson et al.?!) was used to collect injury data across 52 weeks from 284
elite adolescent athletes competing in athletics, cross-country skiing, downhill skiing, freestyle skiing,
handball, orienteering or ski orienteering. The injury incidence rate was higher during competition
(23.8/1000hrs) than during training (2.8/1000hrs) and, on average, 3 of 10 (30.8%) elite adolescent

athletes reported being injured every week.

A Norwegian study also used the weekly self-reported HPQ? to collect injury data on 260 youth elite
athletes (15-16 years of age) across 30 sports for 26 weeks.® An average of 43% youth elite athletes
had some form of health problem and 25% had substantial health problems during this 26 week period.
Substantial health problems were defined as those leading to moderate or severe reduction in training

volume or performance, or complete time loss from sport.

In a study in Australian track and field, 103 youth elite athletes were asked to recall over a one to six
year period, the type, site and severity of injury sustained when aged 13-17.% Eighty-one athletes
(78.6%) sustained a cumulative 200 injuries with 74% of these athletes injured more than once. Fourteen

athletes (17% of injured athletes) reported retirement due to injury before reaching 18 years of age.



Young elite athletes (n=119) from the National Football Training and Development Centre for Females
in France were prospectively observed over an eight-year period.t® The overall rate of injury was 6.4
per 1000 hours exposure. There aren’t any published injury rates for female professional footballers in
France to compare to but in the USA, an injury incidence rate of 1.93 injuries per 1000 exposure hours
has been reported in women’s professional football.?? Which is at least three times higher than the

French young elite athletes.

The injury data of 166 male pre-elite athletes attending the Middle Eastern Youth Sports Academy were
prospectively collected over a five-year (2009-14) period.*® The athletes competed in athletics, squash,
table tennis, fencing, gymnastics, swimming, golf and shooting. An injury was defined as any physical
complaint requiring medical attention. The overall injury incidence rate was 5.5/1000 hours of

exposure, with the prevalence of overuse injuries being 50.3%.

As outlined by the 10C consensus statement on youth athletic development, adolescent athletes are a
unique population and, as demonstrated,>*¢-° have a high incidence rate of injuries when compared to
senior professional athletes.®? Injuries are a very influential factor that can limit the sustainability of a
sport’s talent and performance pathway and, in turn, future high-performance success.?® There is an
urgent need to develop a holistic strategy for reducing injuries in pre-elite athletes, with some sports
taking formal steps to accomplish this. For example, in 2018 Netball Australia sought assistance from
the Australian Institute of Sport (AIS) to help develop aspects of its pre-elite injury prevention

strategies.

The sport of netball

Netball is a ball sport played in 77 countries, predominantly in the British Commonwealth.?* It was
initially developed as a game played by females, but it is now played by boys and girls, women and
men. Nevertheless, only females play netball professionally and represent their countries at the
Commonwealth Games. It is a game in which two teams of seven players oppose each other on a
rectangular court 30.5m (100 feet) x 15.25m (50 feet) (Figure 2).% The court is divided into thirds and
there are goal circles at each end and a centre circle in the middle of the court. Players, according to

their designated position, have specified areas in which they can move.



Figure 2: Netball court dimensions

The aim of the game is to move the ball down the court into the goal circle, from where a goal can be
scored by shooting the ball into the goal. Players are not permitted to take a step when they are in
possession of the ball and they have three seconds to dispose of the ball. Opposition players must remain
three feet (0.9m) away from the player in possession of the ball and contact between opposing players
is not permitted (although it frequently occurs). Netball is a fast and skilful game requiring running,

change of direction, rapid deceleration and acceleration, jumping, throwing, catching and shooting.?62

Injury prevention

Importance of injury prevention in pre-elite athletes

Athlete welfare

Injury prevention needs to be prioritised by sporting organisations because, first and foremost, athletes
are people whose wellbeing and safety need to be at the forefront of their athletic journey. A recent
Australian Human Rights Commission review into Gymnastics in Australia identified ‘a “win-at-all-
costs” culture that prevailed across the sport and found that this created unacceptable risk for the safety
and wellbeing of very young gymnasts’.? Also, the Gymnastics New Zealand Independent Report,?
outlines there was a fear of disclosing injuries to coaches and training while injured. However this
contradicts the 10C consensus statement on youth athletic development, which clearly states: ‘No youth

athlete should compete when in pain or not completely rehabilitated and recovered from an illness or
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injury.”* Other reviews into abuse of athletes worldwide are being conducted or have been published in
countries including Japan,® and the United Kingdom.®* We will continue to see a culture of long-term
recurring injury, burnout, mental ill-health and abuse, if physical health, including prevention of injury,

iS not prioritised.

Performance

Many factors contribute to athletic performance, including the athlete’s psychological and physical
health, the athlete—coach relationship and technical, tactical and physical attributes.®? Injuries and
ilinesses have a detrimental impact on team and individual athletic success.® Several studies have shown
that athlete availability is critical to team success in track and field*?, football** and basketball.® Pre-
competition®® and in-competition®” injuries have both been associated with failure to achieve key

performance indicators.

Researchers are beginning to investigate this area of health and performance in pre-elite athletes. One
recent study explored the effect of injury on ranking position in young elite athletes in athletics, cross-
country skiing and orienteering using a weekly, web-based injury questionnaire; a significant difference
between top-ranked (3.6%) and middle-ranked (2.3%) athletes compared to low-ranked athletes
(11.3%) for substantial injuries was reported.® Ranking position was determined by each sport
according to past competition results, with the top ranked athletes being better performers. Substantial
injury was defined as an injury leading to moderate or severe reductions in either training volume,
performance or complete inability to participate in sport. Larruskain et al.*® recently reported their
findings from a prospective six-season injury surveillance study at an elite football academy. They
demonstrated that injuries were negatively associated with player progression through the academy
pathway towards reaching the First team. This type of research, demonstrating the negative impact
injury has on performance strengthens the argument for more investment in injury prevention strategies

for the pre-elite athletic population.



Classification of injury prevention in sport

Natural history of disease

In order to understand how to prevent injury it is important to understand the ‘natural history of disease’,
which is the progress of a disease in an individual, from onset to recovery, disability or death, without
intervention.*® According to Gordis,* there are four main stages in the natural history of disease. The
firstis the ‘susceptibility stage’, when risk factors (such as playing netball) increase the chance of injury.
The second stage is ‘subclinical’, in which the athlete may be pain-free but pathological changes begin,
such as inflammation of a growth plate. In the third stage, ‘clinical’, signs and symptoms become
apparent, such as Achilles insertional pain and stiffness. Then, in the fourth stage of ‘recovery, disability
or death’, the athlete stops playing netball and suffers an ongoing disability. Therefore, injury

prevention interventions must be targeted according to the stage of disease.

Categorisation of prevention in sport

Injury prevention intervention classification has been described in two ways:* by observation of
pathology and by risk indicators identified in athletic populations. When considering pathology, the
most effective form of intervention is preventing the initial development of disease by immunisation or
reducing exposure to a risk factor.*’ Classification of this type of prevention generally describes
‘primary prevention’. ‘Secondary prevention’ is at the ‘clinical’ stage and involves early detection of
existing disease to reduce severity and complications, such as screening for cancer; ‘tertiary prevention’
involves reducing the impact of the disease, such as through rehabilitation for a muscle injury.*® When
focusing on risk factors, injury prevention interventions are classified as ‘universal’, ‘selective’ or
‘indicated’. Universal measures are recommended for everyone playing sport; examples include good
hydration, adequate rest and use of protective equipment. Selective injury prevention is for subgroups
based on sex, age, sport etc. Athletes in this subgroup do not possess any individual risk factors but are
at risk because of their subgroup. An example of this is knee injury prevention neuromuscular programs
for female adolescent football players. Finally, indicated injury prevention interventions are for

individuals with risk factors that place them at higher-than-average risk of developing an illness or



injury. These risk factors can include previous injury, hamstring weakness and cardiac irregularities,

among others, and are often identified through periodic health evaluations.

Models of prevention

The van Mechelen ‘sequence of prevention’ model

The van Mechelen model (Figure 3) was developed to improve the understanding of sports injuries and
create a scientifically based prevention strategy.*? Guidelines were established for injury surveillance
and reporting, such as expressing injury incidence as the number of sports injuries per exposure time
and the need for consistent ‘sports injury’ and ‘sports participation’ definitions. The model consists of
four stages. Firstly, the extent of the sports injury problem must be identified and described, outlining
incidence and severity. Secondly, contributing factors and mechanisms of injury must be determined.
Based on these findings, the third step is to introduce a preventative measure; and, finally, the
intervention is evaluated by repeating step one. As injury prevention research has evolved over time,

the need to further develop this model has become apparent.

Figure 3: The ‘sequence of prevention’ of sports injuries.

Translating Research into Injury Prevention Practice (TRIPP)

Translating Research into Injury Prevention Practice (TRIPP),* now a well-established framework,
consisting of six stages and is an expansion of the van Mechelen model (Figure 4).%% It will provide the
foundation for our investigation into injury prevention in pre-elite athletes as it has been promoted as

an approach that will lead to real-world injury prevention gains.
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Figure 4: The TRIPP framework compared to the four-stage van Mechelen approach.

Stage One focusses on establishing valid and reliable methods of injury surveillance to allow for routine
and ongoing monitoring and reporting of sports injuries. The objective of Stage 2 is to understand the
aetiology of injuries to ensure injury prevention interventions target the specific cause of injury. Stage 3
was introduced by Finch*® to develop potential solutions to the injury problem based on evidence-based
practice. Ideally, a multidisciplinary team including the adopters (i.e., those who will decide to use the
intervention) and implementers (i.e., those who will deliver the implementation) should develop the
injury prevention intervention together. Stage 4 involves assessing the injury prevention intervention
under ‘ideal conditions’ — controlled, targeted and well-resourced. Stage 5 was also introduced by
Finch®® to plan implementation in the real-world to encourage behavioural change. Finally, Stage 6
involves implementing the injury prevention intervention in the real world and evaluating its
effectiveness. In the following section we will address each of the stages in detail, examining evidence

and application to date within pre-elite level netball, the focus of our investigations.

TRIPP Stage 1 (Injury surveillance)
High-quality injury surveillance information is crucial for informing all other stages of injury

prevention. Valid and reliable methodologies must be used to allow for routine, ongoing monitoring



and reporting.*® The recently published 10C consensus statement, Methods for Recording and
Reporting of Epidemiological Data on Injury and Illness in Sport 2020, outlines a hew Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) checklist. It provides
recommendations for defining and classifying health problems, severity of health problems, capturing
and reporting athlete exposure, expressing risk, burden of health problems, study population
characteristics and data collection methods.*” Applying these recommendations when fulfilling TRIPP
Stages One and Two will ensure accurate injury surveillance that will guide the remaining TRIPP stages

to achieve injury prevention.

Traditionally, injury surveillance studies have used time loss from sport for defining the occurrence of
an injury.* This approach does not capture the full impact of overuse injuries, as athletes can often
continue to train and compete despite ongoing symptoms.*® Whalan et al.>® captured self-report data
from 25 semi-professional football teams using the HPQ, which identifies any health problem regardless
of time loss. They demonstrated the risk of a time loss injury was 3.6 to 6.9 times higher when preceded
by a ‘minor’ and ‘moderate’ non-time loss complaint. Earlier detection using the HPQ can lead to early

intervention, which may reduce the burden and severity of injury.>

This thesis will investigate the use of different injury data collection methods, i.e., athlete self-report
and clinical examination injuries in netball to identify both, time loss and non-time loss injuries.>? The
athlete self-report method will provide us with prevalence measures and the clinical examination
method will result in incidence rate measures. Both measures can be useful depending on the goals and
circumstances of the study. Nielsen et. al.,® recommends incidence-based measures be used for
assessing aetiology and prevention strategies, whereas prevalence-based measures be used for

establishing treatment needs and assessing athlete availability.

Application of TRIPP Stage 1 in pre-elite netball
A recent systematic review® of injury surveillance in netball identified 45 articles, the earliest
publication being 35 years ago, in 1986.%° Eighty-seven per cent of these studies were conducted in

Australia, New Zealand or South Africa. They consisted of prospective studies over one or more playing

10



seasons (n=14, 30%), prospective studies at tournaments (n=6, 13%), retrospective studies (n=9, 20%)

and studies accessing hospital and insurance databases (n=17, 37%).

Four studies have reported prospective injury rates for pre-elite netball athletes during a season or at a
tournament. The ankle and knee have been the most frequent sites of injury during an elite & pre-elite
2013 netball season,® the 2009 South African Netball Championships,>” and the 1995 New South Wales
State Netball Championships.5® Ankle sprains were the most frequent injuries recorded by Hopper and
Elliot>® at the 1988 Australian National Championships, followed by shin/calf injuries. The three
tournament studies®° defined an injury as any complaint requiring medical attention, whereas the
study reporting pre-elite injuries during a netball season used a time loss injury definition. These studies
indicate that injury prevention strategies should continue to focus on the ankle and knee, but it is
imperative that comprehensive standardised injury surveillance*® for the target population is always

established prior to introducing an injury prevention strategy.

TRIPP Stage 2 (Establish aetiology and mechanisms of injury)

In order to prevent injury, we need to understand what causes or contributes to injury.*® In 1994,
Meeuwisse® presented a multifactorial model of athletic injury aetiology. It describes an interaction of
intrinsic risk factors (i.e., age, strength, previous injury), extrinsic risk factors (i.e., equipment, weather
conditions, rules) and an inciting event to cause injury. In 2005, Bahr and Krosshaug®! expanded on
Meeuwisses’s model to include an expanded biomechanical approach and a focus on sport-specific

characteristics (Figure 5).
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Figure 5: Comprehensive model for injury causation. BMD, Body mass density; ROM, range of motion. Reprinted from Bahr
& Krosshaug.5!

This model demonstrates many contributing factors to injury; however, if each risk factor is assessed
separately without controlling for other risk factors, it will not result in a clear understanding of how
each contributes to injury.%® A systems-based research approach, as outlined by Hulme et al.,® is
required for a better understanding of causation, but discussion and critical analysis of this is beyond

the scope of this thesis.

Application of TRIPP Stage 2 in pre-elite netball

All four pre-elite netball studies previously described®° collected aetiology and mechanism of injury
data. Age,*®°8% level of competition,*®>° playing position,***"* injury history,>*® mode of onset,>’->°
time of onset,>"® footwear and use of tape or a brace®®*® and mechanism of injury®®®® data were
routinely collected. Pickering Rodriguez et al.®® were particularly interested in examining the
relationship between lower-body stiffness and injury incidence, so they also collected active and quasi-
static stiffness data for the lower body. Adherence to an injury prevention strategy was also recorded
by Hume and Steele,®® and Hopper and Elliot>® included a podiatric assessment and recorded the

prevalence of existing injuries reported by players at the start of the championships.
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These four studies have provided us with a better understanding of what contributes to pre-elite netball
injuries, but there is a need to expand this knowledge to aid future injury prevention strategies. There
was no relationship between lower-limb stiffness and injury in pre-elite athletes.>® Hopper and Elliot,
reported that most injuries occurred in the second quarter of the game (32.7%) whereas Langeveld et
al.” found most injuries occurred in the third quarter (26%). The most frequent mechanisms of injury
were ‘incorrect landing’®® and ‘contact with a player’.5”* Additionally, according to Langeveld et al.*’

the position of Goal Defence sustained the most injuries (22%).

Coetzee et al.%® reported additional data from the tournaments previously described by Langeveld et
al." They identified that a cement surface had a 1.9 times higher injury rate than a synthetic surface and
reported that 52% of injured athletes did not perform any core stability sessions and 58% did not
perform neuromuscular control sessions, but 64% did partake in flexibility training. Hume and Steele®®
also found a lack of awareness of injury prevention strategies, with 28% of injured athletes not knowing

what a wobble or balance board was.

The mechanism of injury data presented by Hume and Steele®® is a good example of why we need
consistent definitions and methodology, as outlined by the IOC consensus statement.*” They reported
on ‘netball action at the time of injury’, the most frequent responses being ‘other’ (21%) and
‘combinations of movement’ (18%). Neither of these responses provide us with a better understanding
of mechanism of injury. It must be acknowledged that the data for this study were collected 26 years

ago and our understanding of data collection requirements has improved greatly since then.

Several studies have examined the relationship between netball biomechanics and injury, but none
specifically for pre-elite athletes.?”#4%° Landings have been identified as a high-risk activity for Anterior
Cruciate Ligament (ACL) injuries in netball.®® Using unanticipated 180° turn agility sprints, Maulder®®
identified a dominant limb asymmetry of greater than 10% as having moderate association with injury.%
Downs’** systematic review identified a lack of studies reporting the circumstance and mechanisms of

injury in order to provide more meaningful data for developing prevention strategies.
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TRIPP Stage 3 (Develop preventive measures)

This stage involves identification and development of potential solutions to the injury problem guided
by TRIPP Stage 2, in which potential risk factors have been identified.** A multi-disciplinary approach
is required to consider all possible injury prevention strategies. Following the Intervention Development
Process (IDP)®’ is one way of satisfying Stage 3 of TRIPP. This involves combining research evidence
and clinical experience as well as engaging end-users early to develop an injury prevention strategy.
The IDP was successfully used to create a lower-limb injury prevention exercise training program
(‘FootyFirst”) for community Australian football.” This process recognises that research evidence alone
is insufficient to implement injury prevention strategies®® and ensures that the best available scientific

evidence is combined with practitioner expertise and end-user values.

She-gtap interventhon
development process

Figure 6: Six-step intervention development process. Reprinted from Donaldson et al.®”

Application of TRIPP Stage 3 in pre-elite netball

There is no evidence of the six-step IDP being applied in pre-elite netball. Two observational studies
have been identified that could be considered to partially satisfy Step 4 of the IDP. Fox et al.®® used pre-
elite athletes to assess whether biomechanical errors identified during a single-leg squat correlated with
errors identified during a netball-specific leap landing. Landings have been identified as a high-risk

activity for ACL injuries in netball. In elite-level netball 13 out of 16 (81%) cases occurred when an
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athlete was landing from a jump.®® Because of this association between landing and ACL injury, they
concluded the single-leg squat may be a useful movement screen for identifying netball players who
may be at risk of sustaining an ACL injury. Sinclair et al.”® investigated the effect of knee bracing on
knee joint kinetics and kinematics using pre-elite netball athletes. They found no difference in joint
kinetics but an increase in subjective knee stability when wearing the brace. For these two studies to be
effective, researchers, clinicians and end-users need to incorporate this work into the intervention

development process to create an implementable intervention.

TRIPP Stage 4 (‘Ideal conditions’/scientific evaluation)

Once the intervention is developed in TRIPP Stage 3, its efficacy must be assessed in a controlled and
targeted manner. This is usually in the form of a randomised controlled trial or a cohort study. The
CONSORT (Consolidated Standards of Reporting Trials) statement is the gold standard for transparent
reporting of design, analysis and interpretation for randomised controlled trials.”* The STROBE
statement provides guidelines for reporting a cohort study.”? These studies, even if they are field-based,
are often conducted in an artificial environment in which the investigators deliver the intervention,
participating teams and players are provided with staff and resources and participants are provided with
incentives and reminders.*® Most often, once the research is completed the injury prevention strategy is
not continued, because very few sporting associations possess the human resources and/or finances
required to maintain the intervention.” To prevent this from occurring, TRIPP Stage 5 and Stage 6 were

introduced to encourage a greater emphasis on implementation of an injury prevention strategy.*?

Application of TRIPP Stage 4 in pre-elite netball

No studies have investigated the efficacy of injury prevention strategies in pre-elite netball. Two
publications were identified using university student participants to test the efficacy of two injury
prevention training programs.’” One of the programs assessed the efficacy of an eight-week barefoot
training programme on ankle stability, agility and speed;’ the other assessed the efficacy of a six-week
neuromuscular/safe-landing training program called ‘Down to Earth’ for reducing injury incidence.”™
The barefoot training resulted in a significant improvement in agility and ankle stability. The barefoot

group significantly improved their performance in the 505-Agility test to the left (p = 0.01; d = 1.04)
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and the right (p = 0.002; d = 1.4); As well as single leg balance as assessed on the Biodex Balance
System, showing superior overall stability of the right leg (p = 0.01; d = 1.62), anterior-posterior
stability of the right leg (p = 0.01; d = 1.36) and medial-lateral stability of the right leg (p = 0.04; d =
1.14).” The ‘Down to Earth’ program resulted in a significant reduction in training injuries during the
six weeks following the intervention period. Ten (38%) injuries were recorded for the intervention
group and 15 (75%) were recorded for the control group (RR 0.01, 95%CI 0.001-0.376; p=0.02).”™
However, caution is advised when interpreting these results, as there were 32% (n=8) fewer athletes in
the intervention group and only an athlete self-report injury definition was employed. This lack of

evidence for injury prevention strategies in pre-elite netball athletes must be addressed.

TRIPP Stage 5 (Describe intervention context to inform implementation strategies)

TRIPP Stage 5 is essential for determining whether efficacy research is translatable into actions that
can be implemented in the real-world context of sport. Firstly, a clear understanding of what the current
safety behaviours are, and whether they need to change, is required. Secondly, if safety measures are
not being adopted, we need to know why. Gaining an insight into motivators/barriers to uptake and an
understanding of the knowledge and attitudes of players, coaches and sports bodies towards injury and
prevention of injuries is essential for planning implementation.*® Sports injury interventions are often
ineffective because they are not widely accepted and adopted.”® A number of tools exist to facilitate the
implementation of injury prevention interventions;’®®2 intervention mapping (Step 5), the Reach,
Effectiveness, Adoption, Implementation and Maintenance (RE-AIM) framework and concept mapping
are examples of implementation strategies recently used in the sports injury context. There has been
recent growth in sports medicine studies utilising these processes but they need to become standardised

for all injury prevention interventions to achieve a reduction in injury/illness rates.®

Implementation sciences

Intervention mapping (step 5)

Intervention mapping (IM) is a protocol for systematic planning for behavioural change based on theory
and evidence.® IM is a six-step process that starts with problem identification and ends with problem

solving or reduction. There are several tasks in each of the six steps. It is possible to use IM (Step 5)
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independently to complete TRIPP Stage 5 for planning the adoption, implementation and sustainability

of an injury prevention intervention in the real world.” The tasks for this stage include:

1.

2.

7.

Identification of potential adopters

Identification of potential implementers

Establish an implementation planning group with representatives from adopters and
implementers

State intervention use outcomes and specify performance objectives for reach, adoption and
implementation

Specify determinants of reach, adoption and implementation

Select strategies for reach, adoption and implementation that are theory-informed, evidence-
based and context-specific

Design interventions for reach, adoption and implementation.

This IM protocol has been used to develop plans for the ‘Mayday’ neck and spinal injury prevention

policy in rugby union® as well as the FootyFirst exercise training programme to prevent leg injuries in

Australian football.”
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RE-AIM (reach, effectiveness, adoption, implementation and maintenance) framework

This framework is primarily used as an evaluation tool for intervention studies, but it can also be used

as a planning tool alongside TRIPP and other implementation strategies. It was developed on the basis

that behaviour change will only occur if interventions are available to the group of interest, adopted by

them, used as they were intended and then sustained. There are five components:

Reach is the absolute number, proportion and representativeness of individuals willing to
participate in the intervention. Planning should consider the demographics of the intended
population and potential barriers that will limit success in reaching the target population.
Effectiveness is the impact the intervention will have on important outcomes, including
potential negative effects. This component determines if the intervention is evidence-based or
a new innovation and key stakeholders should be consulted to determine how success will be
defined and measured.

Adoption is the absolute number, proportion and representativeness of implementers and
adopters that are willing to initiate the intervention. Consideration should be given to the
percentage of target population that will initiate the intervention as well as to what the greatest
barriers to adoption will be.

Implementation refers to the consistency, cost and adaptations made during delivery. Planning
needs to ensure the intervention can be delivered consistently but also has the flexibility to
change mid-course if required.

Maintenance is the ability of the intervention to become institutionalised or part of routine
practice. Plans should be made to support initial success and prevent drop-off and to determine

whether resources would assist in providing long-term support.

The RE-AIM framework has been used to successfully implement several sports injury prevention

interventions, such as a safe-landings programme for junior netballers® and community footballers.%®

Concept mapping

Concept mapping has been used for injury prevention in public health®” and in sport.® It was developed

in the 1980s using qualitative and quantitative methods to enable a group of people to articulate ideas

and have these ideas graphically and objectively represented.®® The structured process involves
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brainstorming relevant ideas, after which each participant is asked to sort the ideas into groups that
make sense to them and then to rate each idea for how important they think it is and how difficult they
think it will be to implement that idea. The Concept Systems Global MAX®® website is an effective way
of facilitating this process.

Knowledge and attitudes questionnaire

Exploring the knowledge and attitudes of players, coaches and sports organisations in relation to the
frequency, causes and prevention of injuries as they occur in their sport is an important part of
implementation planning. Shamlaye et al.** used a web-based nationwide survey of 538 football coaches
to discover the attitudes, beliefs and factors influencing their adherence to the FIFA 11+ injury
prevention programme. One finding was that coaches with less experience may be less likely to use the

11+, meaning this population should perhaps be the target for future education workshops.

Application of TRIPP Stage 5 in pre-elite netball

There is no evidence of TRIPP Stage 5 being applied in a pre-elite netball population. In total, four
netball studies focusing on implementation have been identified: four in community netball®%>%4 and
one involving secondary school coaches and players.®® Two of the community netball studies were
conducted to assess the efficacy and implementation of injury prevention-related coach education.8
Components of the RE-AIM framework®? and the full RE-AIM framework® were applied when seeking
feedback from community coaches after attending an education session. Part of the RE-AIM framework
was also applied in another community netball study, reporting the implementation of the Netball
KNEE program.* Fidelity was found to be poor, with only 12-18% of recommended activities
performed as intended across three age groups. The final community netball study used a questionnaire
developed from the Theory of Planned Behaviour to assess player behavioural factors associated with
players’ intentions to learn correct landing technique during coach-led training sessions.®* The
secondary school study investigated coach and player attitudes to injury.*® Of the 226 players surveyed,
87% (n=196) reported hiding or downplaying an injury. Similarly, of the 117 coaches, 87% (n=102)

had witnessed a player continue to play on when they thought they should not have. The absence of
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more implementation studies such as these is indicative of why there is a lack of evidence for effective

‘real-world’ injury prevention strategies in netball.

TRIPP 6 (Evaluate effectiveness of preventive measures to implementation context)

This stage determines how effective the scientifically proven interventions are when applied to the real-
world context. The intervention is implemented and its effectiveness is evaluated.*® A good example of
this was the promotion of protective eyewear for squash players.®® The protective eyewear promotion
(PEP) project, consisting of availability of eyewear and educational material, resulted in ‘PEP’ players
being 2.4 times more likely to wear eyewear than the control group. The implementation of this
successful strategy was guided by planning (i.e., TRIPP Stage 5) conducted by some of the same
researchers using principles of behaviour change.®2 When the International Sporting Federation Chief
Medical Officers were surveyed, they valued TRIPP Stage 5/6 research most highly out of all TRIPP
stages.®” However there is a lack of this type of research, with a systematic review revealing that
between 2007 and 2009 only 5% of sports injury prevention research involved implementation (i.e.,

TRIPP Stage 5) or effectiveness (i.e., TRIPP Stage 6) studies.®®

Application of TRIPP Stage 6 in pre-elite netball

To date, there have not been any studies evaluating the effectiveness of injury prevention strategies (i.e.,
TRIPP Stage 6) applied to the netball pre-elite population. We have identified one netball effectiveness
study investigating the effect of an integrated functional stability program on injury rates in an
international netball squad.®® It is a good example of applying the ecological systems theory, ensuring
athletes, support staff, coaches and management have a role to play in injury prevention. It is of concern
that netball has been played for over 100 years!® and yet there is only one study assessing the

effectiveness of an injury prevention strategy in a ‘real-world’ setting.
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Knowledge gaps

There is a significant lack of sports injury prevention research that has real-world relevance.®® When all
sports injury prevention publications between 1938 and 2010 were retrieved (n=11,859), only 4%
assessed the effectiveness of implementation of their research findings.%® Most research addresses the
early stages of the TRIPP framework with little regard for implementation of findings, which limits
injury prevention potential. For injury prevention intervention implementation to be successful, we need
to acknowledge that effective interventions are multifaceted and complex and must target multiple
socioecological levels.®% In both community and high-performance sport there are often many levels
of hierarchy, with many stakeholders at all levels who can influence the success or failure of an injury
prevention intervention. Therefore, the development of interventions and their implementation
strategies must be holistic with a whole-of-sport and whole-of-industry approach. Furthermore, when
targeting the pre-elite population, interventions and their implementation strategies need to be specific

to that population to succeed.®’

Thesis aim

The purpose of this thesis is to develop a holistic strategy to reduce injuries in pre-elite athletes, using
netball as an exemplar sport. This strategy was trialled within one of our national sporting organisations
(i.e., Netball Australia), working closely with the sport to determine their injury profile and then
continuing to develop, plan and implement effective injury prevention interventions. This research,
using netball as an example will provide much-needed guidance for injury prevention in pre-elite
athletes to reduce injuries sustained throughout their development pathway. Stemming from this will

be the long-term aim of supporting robust elite athletes achieving greater success with less injury.

Thesis structure

This thesis follows the TRIPP framework to develop a process for real-world injury prevention gains
in the pre-elite population, using netball as an exemplar sport. The TRIPP framework is made up of a
series of six sequential steps focused on developing and implementing one preventative strategy. Prior

to the commencement of this research, Netball Australia undertook injury surveillance at the 2017 17/U
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& 19/U Australian National Netball Championships (ANNC). It had also developed focused activities
in this area, including, a neuromuscular warm-up designed to prevent injury, and prophylactic ankle
taping was encouraged. While all stages of the TRIPP framework are necessary, it was not possible to
apply the steps sequentially for a single preventative strategy because there were multiple injury types
to address, and some preventative strategies were already in place. Instead, we used each step of the
TRIPP framework with a pragmatic sequence approach (see Figure 6 below for a summary of the studies

in relation to the TRIPP framework).
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"ANNC: Australian Naticnal Nethall Championships

*KNEE: Knee injury prevention for Netballers and Enhance
perfarmance and Extend play

*ACL: Anterior Cruciate Ligament

Figure 7: Schematic representation of the thesis as relates to the TRIPP approach.

This thesis has seven chapters. Chapters 2, 3, 4 and 5 incorporate published works and the research
work reported in Chapter 6 has been submitted for publication. Chapter 7 is an overall discussion of the

findings from each study and the implications of the study findings for future research and practice.

Chapter 2 presents TRIPP Stage 1 (Injury surveillance) and TRIPP Stage 2 (Establish aetiology and
mechanisms of injury) in the form of injury surveillance findings of the 2018 17/U & 19/U Australian

National Netball Championships.
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Published as: Smyth E, Piromalli L, Antcliff A, et al. A prospective study of health problems at the
2018 17/U and 19/U Australian National Netball Championships with comparison of surveillance

methodology. J Sci Med Sport. 2020;23:215-21.

Chapter 3 is a systematic review of injury prevention intervention in pre-elite athletes. This is a vital

part of TRIPP Stage 3 (Develop preventive measures).

Published as: Smyth E, Newman P, Waddington G, et al. Injury prevention strategies specific to pre-
elite athletes competing in Olympic and professional sports — a systematic review. J Sci Med Sport.

2019;22:887-901.

Chapter 4 reports the findings of a randomised controlled trial investigating the effect of ankle tape on
proprioception. Ankle taping is routinely used in netball to prevent ankle sprains but the mechanism for
its effectiveness is not well understood. This study fulfils TRIPP Stage 4 (‘ldeal conditions’/scientific

evaluation).

Published as: Smyth E, Waddington G, Witchalls J, et al. Does ankle tape improve proprioception
acuity immediately after application and following a netball session? A randomised controlled trial.

Phys Ther Sport. 2021; 48:20-25.

Chapter 5 presents TRIPP Stage 5 (Describe intervention context to inform implementation strategies).
Netball Australia has developed a neuromuscular warm-up called the KNEE program to prevent lower-

limb injuries. This chapter introduces concept mapping to improve the implementation of this program.

Published as: Smyth E, Appaneal R, Drew M, et al. Identifying the challenges to implementing a

neuromuscular warm-up in pre-elite netball. Int J Sports Sci Coach. 2021;16:913-24.

Chapter 6 reports injury surveillance results for the 2019 17U & 19U Australian National Netball
Championships following the implementation of an injury prevention strategy. This process is TRIPP

Stage 6 (Evaluate effectiveness of preventive measures in implementation context).

Submitted for publication in the peer-reviewed journal Translational Sports Medicine.
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Research Questions

Chapter 2 Study 1: What is the injury incidence and prevalence for 17/U & 19/U netball athletes

competing at the 2018 Australian National Netball Championships?

Chapter 3 Study 2: What injury prevention interventions have been determined to be effective in

pre-elite athletes competing in Olympic and professional sports?

Chapter 4 Study 3: Does ankle tape improve proprioception acuity in pre-elite netball athletes
immediately after application and following netball training? Is there any difference in proprioception

if ankle tape is self-applied compared to being applied by a Sport and Exercise Physiotherapist?

Chapter 5 Study 4: What are the barriers to implementing the ‘KNEE’ injury prevention strategy

in a pre-elite netball population?

Chapter 6 Study 5: What is the injury incidence and prevalence for 17/U & 19/U netball athletes
competing at the 2019 Australian National Netball Championships? Can foot blister incidence be
reduced at the 2019 17/U & 19/U ANNC compared to the 2018 17/U and 19/U ANNC by implementing

a foot blister prevention intervention?
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Chapter 2 Injury surveillance and establishing aetiology and
mechanism of injury (TRIPP 1 & 2)

Published work

This chapter is based on a manuscript that has been published in the Journal of Science and Medicine

in Sport.

Smyth E, Piromalli L, Antcliff A, et al. A prospective study of health problems at the 2018
17/U and 19/U Australian National Netball Championships with comparison of surveillance

methodology. J Sci Med Sport. 2020; 23:215-21.

At the time of publishing, there were no studies reporting injury rates specifically in pre-elite netball
players in the previous decade. The TRIPP framework provides a structure for developing and
implementing injury prevention strategies. The critical first stage of the TRIPP process is injury
surveillance to determine which injuries have the highest burden to direct future injury prevention
strategies. The second TRIPP stage is to determine aetiology and mechanisms of injury to also direct

how these costly injuries may be prevented.

None of the 192 pre-elite athletes have constant physiotherapy access throughout the year like they do
at the ANNC, which limits surveillance of accurate ‘whole of year’ injury data. Therefore, conducting
injury surveillance at a tournament where all athletes have access to a team physiotherapist was
considered a practical method for obtaining injury information for this population within real-world
constraints. An alternative method of injury surveillance that is not reliant on access to a health
professional, the Health Problems Questionnaire (HPQ),% was also trialled. This injury surveillance
tool is a self-report method that has been found to be sensitive and valid in documenting acute injuries,
overuse injuries and illnesses.’21% The HPQ self-report injury surveillance method was used in
addition to medical attention injury surveillance to allow for injuries to be recorded for four weeks
following the tournament and to compare percentage of agreement between the two surveillance tools.

The medical attention injury records were also designed to capture mechanism of injury, onset of injury
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(i.e., new versus recurrent) and nature of injury (i.e., trauma versus overuse). This additional

information will help inform future injury prevention strategies.

The aim of this study was to describe the injuries that occurred over the six-day 2018 17/U & 19/U
ANNC, compare the injury profile between age groups, describe contributing factors, compare two
injury surveillance methods and determine whether exposure to the tournament alters the health of

participants in the following four weeks.
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to this such as whether injuries are recorded from tournament
play or weekly matches in-season, the data collection methods
used, injury definition and study participants. The very high South
African injury rate is most likely the result of using a different defi-
nition for athlete exposure. Cnly the minutes played prior to injury
were used for this calculation as opposed to minutes played by all
players.

A number of injury definitions have been adopted in previ-
ous netball epidemiology papers. The injury definitions concept
framework (IDCF) describes them as medical attenton, athlete
self-report or sports incapacity. No previous nethall epidemiology
study has used athlete self-repc— “~spite its benefits for capturing
OVETUSE injuries more accuratel nd obtaining longitudinal data
without reliance on medical personnel to capture the data. The Oslo
Sports Tra1-—~ Qesearch Centre {OSTRC)Health Problems Question-
naire (HPC 1as been utilised in this study for this purpose. The
authorswanted to calculate whether there was anincrease ininjury
rates across the four weeks following the tour~-=ent which has
been previously described due to a spike in loa

The aims of this paper are to (1) describe the type, loration and
severity of injuries and illnesses that occur across the six day 2018
17/U & 19/U ANNC and four weeks following the tournament; (2)
determine if the injury profile is different between 17/U & 19/U
nethall athletes; (3) describe contributing factors to injury; (4)
compare percentage of agreement when clinical assessment and
self-report injury data collection methods are employed and (5)
determine whether exposure to the tournament alters the health
of participants in the following four weeks.

2. Methods

The incidence of injuries occurring in the 2018 17/U & 19/U
ANNC was prospectively studied in 192 netball athletes across 16
teamns (17U, athletes n=96; 19/U, athletes n = 96). The tournament
took place over six consecutive days in April (17th-22nd). Each
team played nine matches with two matches played on days one,
two and four, and one match played on days three, five and six.
A total of one hundred and forty-four matches were played and
matches consisted of four, ten minute quarters. The reporting of
this study follows the Strengthening the Repor—— ~ >»f Observational
studies in Epidemiology (STROBE) statemen Ethics approval
was obtained from the Australian Institute of Sport Ethics Com-
mittee (Approval number: 20180404). All participants or their
parentsfguardians provided consent via their Athlete Manage-
ment System (AMS; Smartabase, Fusion Sport, Brisbane, Australia)
account, accessible from personal computers, tablets and smart-
phones.

Concurrent Injury Definidons Concept Framework (13C] lef-
initions were utilised. Clinical examination injuries were defined
as any health complaint that required the team physiotherapist to
assess, irrespective of ime-loss (sports incapacity ). Sport incapac-
ity injuries were defined as an injury that required an athlete to
miss any duration of match play during the tournament or where
the athlete reported a reduction in capacity during the tournament
as assessed by the Oslo Sports Trau~- "esearch Centre (OSTRC)
Health Problems Questionnaire (HPG

The HP(} asks the athlete four key questions around athlete
health. These are:

1 Haveyouhad any difficulties participating in normal training and
competition due toinjury, illness or other health problems during
the past week?

2 To what extent have you reduced your training volume due to
injury, illness or other health problems during the past week?

3 To what extent has injury, illness or other health problems
affected your performance during the past week?

4 To what extent have you experienced symptoms/health com-
plaints during the past week?

All data (clinical examinztion and athlete self-reported) were
collected via a centralised “--ibase (Smartabase, Fusion Sport
Pty Ltd, Brisbane Australia Team physiotherapists met with
the primary author to discuss injury definitions such as new
VErsus Tecurrent, frauma versus OVeruse to ensure consistency.
Each medical attention injury/illness recorded in the AMS database
by team physiotherapists was assignec -~ *jur-character Grchard
Sports Injury Classification System 10. njury diagnosis code,
which details the body part and nature of the injury sustained.
Additional information was recorded to classify the body side of
the injury (i.e. left, right, bilateral, central), date of injury occur-
rence, training or match environment and the number of days the
player was unable to participate both fully and partially in net-
ball trainingfcompetition. In addition, the physiotherapist recorded
mechanism of injury, court location, position, time of match, num-
ber match of the day, tournament day and whether the athlete
could continue playing immediately after injury.

Injuries can occur four weeks following a spike in loa here-
fore athletes were asked to complete the HPQ at the start of
the tournament, end of the tournament, one week post tourna-
ment and four weeks post tournament. Prevalence measures were
calculated for each of the four HPQ's. Prevalence of self-report sub-
stantal problems and severity r“*~-"* 2roblems were calculated
according to published method Ve chose to report period
prevalence rather than point prevalence for this study as it was
over a smaller time period and with the reduced response rate for
the third and fourth HPQ's, this approach provides a more accu-
rate interpretation of the data. Averages and confidence intervals
were calculated by identifying the athletes that reported any health
problem across the four questions for any of the four HPQ's (ie,
problems where athletes selected option 2, 3, 4 or 5 in any of the
questions at any tme). This number of athletes were then divided
by the total number of participants. The prevalence of substantial
problemswas calculated by identifying those who had moderzte or
severe reductions in training volume or moderate or severe reduc-
tions in sports performance or complete inability to participate in
sport (ie, problems where athletes selected option 3,4 or5in either
Question 2 or 3).

Athlete exposure was captured by Netball Australia nominated
national selectors using the AMS {Smartabase, Fusion Sport Pty
Ltd, Brisbane Australia). The position, including those not playing
was recorded for each quarter of every match. Where there was
significant missing data, average team exposure was calculated
by multiplying the number of athletes (n=12) by the number of
teams (n=16) by the number of matches {n=9) by the number of
minutes/match (n=40).

Descriptive analysis was performed separately and combined
for 17{U and 19U athletes at the 2018 ANNC's. The difference
between specified injury variables for 17{U and 19/U were mea-
sured hy calculating risk ratio. Due to low sample size, Fisher's
exact test was used to test for significance. Injury incidence was
calculated using the formula: number of injuriesf{exposure per
1000 h. Incidence Rate Ratios (IRR) were calculated by dividing
the 17/U incidence rate by the 19/U incidence rate to compare the
17{U {referent) and 19/U zge groups in terms of total injuries and
sports incapacity injuries as well as comparing total new/recurrent
injuries and traumatic/overuse injuries. A statistical significance
level was set a priori, where 95% confidence intervals did not
include 1.0foranalysesincluding rate ratios or incidence rate ratios.
A chi-square test was used to compare injury region and nature.
Mechanism of injury, court location, position, time of match, num-
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ber match of the day and tournament day were not analysed due to
alarge amount of missing data. Statistical significance was set a pri-
ori at p<0.05. Similar injuries were grouped together for analysis
eg. Lumbar spine facet joint pain/stiffness (GSICS code: LGXX) and
Lumbar muscle trigger points (OSICS code: LMYX) have a similar
prognosis and management there fore they were grouped together
forbetter representation ofthe dat~ ™-~vious research have shown
that clustering ofinjur*~~*~ - ~curat nd appropriate froman epi-
demiological approac] setails of all combined OSICS code are
described in Supplement 1.

A generalised esdmating equation (GEE)} was attempted for
analysis of the HPQ data but given the high levels of missing data
for the 3rd and 4th HP(}'s, prevalence’s across perinds were used
rather than introducing bias via unsubstantiated imputation meth-
ods for missing data. The 2nd HPG data was manually matched
to medical attention records from the tournament. Records that
appeared inthe HP(G and not in AMS were recorded and percentage
of agreement was calculated as the percentage of records reported
in both. All statistical analyses were performed in Stata {Stata/IC
15.1, StataCorp, USA).

3. Results

The data collected by team physiotherapists revealed a total
of 103 medical attention injuries sustained by 80 athletes over a
6 day period at an incidence rate of 89.4 per 1000 player hours
when 17/U and 19/U injuries were combined. There was signifi-
cant missing data for athlete exposure, therefore overall exposure
was calculated by multiplying the number of athletes (n=12) by
the number of teams (n=16) by the number of matches (n=9)
by the number of minutes/match (n=40). Sports incapacity inci-
dence rate was 19.1 per 1000 player hours. The higher injury rate
sustained by the 19/U age group was statistically significantly dif-
ferent (17/U, n=39; 19fU, n=64; IRR 1.64 95%(1 1.08-2.51). Lateral
ankle ligament sprain {AJLX/AJLA, n =14, 13.6%), foot blisters (FKBX,
n=11,10.7%), and lumbar pain (LCXX/LMYX, n=10, 9.7%) recorded
the highest incidence across medical attention injuries in both
age groups. There were 22 (21% of total injuries) sports incapac-
ity injuries with ankle sprain (AJLX/AJLA, n=4), anterior cruciate
ligament (ACL) rupture (KJAX, n=3) and concussion (HNCG, n=3)
recorded as the highest sportsincapacity injuries. No statistical sig-
nificant difference was observed between age group with respect
to sport-incapacity injury incidence (17/U, n=9, 8.7%; 19fU, n=13
12.6%; IRR 0.69 95%(C1 0.26-1.75).

New injuries occurred nine times more frequently than recur-
rentinjuries (IRR 9.3 95%(14.84-20.03, P <0.001). There were more
traumatic injuries than overuse injuries (tfrauma n=>51, overuse
n=42; IRR 1.24 95%(C] 0.62-2.49, P=0.522). The body region
most commonly injured was the lower limb [x% =01.45, p<0.001)
and joint injuries accounted for nearly one third of all injuries
(X2 =30.69, p<0.001) (Supplement 2). Daily prevalence rates could
not be calculated due to a significant amount of missing expo-
sure data (31%). Details of mechanism of injury, new v recurrent
and tranmga v overuse according to each body area are outlined in

... response rate declined across the four HPQ¥s (1st 90%;
2nd 76%; 3rd 41%; 4th 34%). The HPQ revealed that 46
(27.2%) athletes arrived at the tournament with an existing self-
reported injury/illness and 57 (39.3%) athletes had a self-reported
injuryfillness at the conclusion of the ANNC [RR 1.44 95%(C1
1.05-1.99, p=0.030). Twenty-two [34%) athletes were training
at a reduced volume 4f52 post nationals due to self-reported
injuryfillness. Fifty-five (38%) athletes thought their merformance
was affected by injury/illness during the tournament Less
17U athletes (n =64, 66.7%) sought medical professic.iais v, cheir

health problems compared to 19/U athletes (n=68, 74.7%). There
was an increase of moderate severity self-reported injuries in the
19/U group, 4/52 post tournament. The period prevalence of self-
reported health problems for the 17/U athletes and 19/U athletes
was 55% (n=53, 95%C1 45-65%). According to the HPQ data, the
19/U athletes had slightly less substantial health problems (n =29,
30%; 95%C]1 21-40%) compared to the 17/U athletes (n=30, 31%;
95%C122-42%).

Seventy tournament self-reported injuries/illnesses were iden-
fified by the post-tournament HPQ. Twenty-six percent (n=18) of
these injuries were not recorded in AMS. Twelve of the missing
records were overuse injuries and ten were illnesses.

4. Discussion

This study recorded 103 medical zttention injuries sustained
by 80 athletes during the ANNC's. We observed higher mediczl
attention injury rates in 19/U athletes compared to 17/U athletes
however the distribution of injury types was similar across both
age groups and the HP(} revealed equal self-reported injuryfillness
period prevalence during the tournament in the 17/U and 19§U
age groups (n =53, 55%, 95%C1 45-65%). The main sports incapacity
injuries recorded were ankle sprains, ACLT—-"- ~and concussion.

In the past 30 years only three studie have specifically
reported injury rates at tournaments for development netball ath-
letes. The most recent study reporting injury rates at a pre-elite
netball tournament conducted a decade ago in South Africa, report-
ing 2 medir~! ~ttention injury incidence rate of 500.7 per 1000
playerhour  {owever, their definition of exposure was only the
game time a player participated before the injury occurred rather
than total exposure, r~~lting in a higher injury incidence rate.
Hume and Steel (2000  eported a medical attention injury rate
of 23.8 per 1000 player hours at a state netball tournament was
conducted over 20 years ago and the athletes were at a T2 and T3
FTEM level rather than the pre-elite (T3-4) level. The difference in
injury rate could possibly be due to the difference in FTEM level. Gur
study revealed a medical attention injury incidence rate of 89.4 per
1000 player hours when 17{U and 19/U injuries were combined.
This is the first publication in a decade to report tournament injury
rates © pre-elite netball athletes and fulfils the first stage of the
TRIP Tamework for sports injury prevention.

Woe observed the 19/U athletes had a higher medical attention
incidence {IRR 1.64). This indicates that 19/U athletes sustained
64% more medical attention injuries compared to the 17/U ath-
letes. However, whilst there was a difference in mediczl attenton
incidence between age groupsthere was no difference between the
17/U and 19/U athletes in terms of sports incapacity, body region
injured, nature of injury, new versus recurrent, [rauma versus
overuse and mechanism of injury as demonstrated by incidence
rate ratios and risk ratios. Interestingly, the HPQ identified equal
number of injuriesfillnesses in the 17/U & 19/U age group. This
may just suggest that 19/U zthletes were more likely to seek medi-
cal attention whereas the younger athletes did not. Future research
should explore why the two year age difference results in appar-
ently different medical attention injury rates.

The most frequently recorded medical attention injury diag-
noses across both age groups were lateral ankle ligament sprain,
foot blisters, and lumbar pain. There were 22 (21% oftotal injuries)
sports incapacity injuries, 41% of these were ankle and foot injuries
and 18% were knee injuries. Knee injuries in netball have attracted
media attention and thought rn he the most common injury which
there is some evidence fo however these claims are based
on hospitz] admission data. Most netbzll injuries are managed
without hospital admission therefore this research is not a true
reflection of injury rates in netball. The vast majority of netball
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Unpublished data from the 2018 17/U & 19/U ANNC

Of the 103 medical attention injuries that occurred at the 2018 17/U & 19/U ANNC, the team
physiotherapist did not ask about menstrual cycle 37 times (36%) or the data were missing for 18 (17%)
injury records (Figure 8). Therefore, over half (53%) of the menstrual cycle data were missing and

inference about injury/illness aetiology cannot be made.

Figure 8: Menstrual cycle data collected by team physiotherapists
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There were 22 sports incapacity injuries recorded by team physiotherapists across the six-day 2018
17/U & 19/U ANNC. Following ankle sprain, ACL rupture and concussion, foot blisters and foot

sprain were the next most frequent sports incapacity injuries (Table 1).

Table 1: Sports incapacity injuries at the 2018 17/U 7 19/U ANNC

Diagnosis Sports incapacity
(n=)

Ankle sprain

ACL rupture

Concussion

Foot blister

Foot sprain

Thigh strain

Thoracic pain

Lumbar pain

Calf tightness

Shoulder subluxation

Pec strain

Shin pain

Total

NRPRRPRPRPEPERLNNWWOUJ



Chapter 3 Developing preventative measure (TRIPP 3)

Published work

This chapter is based on a manuscript that has been published in the Journal of Science and Medicine

in Sport.

Smyth E, Newman P, Waddington G, et al. Injury prevention strategies specific to pre-elite
athletes competing in Olympic and professional sports — a systematic review. J Sci Med

Sport. 2019; 22:887-901.

Chapter 2 reported the injury rates for pre-elite netball athletes. The most frequently recorded medical
attention injury diagnoses across both the age groups were lateral ankle ligament sprain (n=14, 13.6%),
foot blisters (n=11, 10.7%), and lumbar pain (n=10, 9.7%). Ankle sprains (n=4), ACL ruptures (n=3)
and concussion (n=3) were recorded as being the highest sports incapacity injuries. The self-report data
collection revealed that 46 (27.2%) athletes arrived at the tournament with an existing self-reported
injury/illness and 57 (39.3%) athletes had a self-reported injury/illness at the conclusion of the ANNC
(RR 1.44 95%, Cl 1.05-1.99, p=0.030). New injuries occurred nine times more frequently than
recurrent injuries (IRR 9.3 95%, CI 4.84-20.03, p<0.001). There was no significant difference between
the overall number of traumatic (n=51) and overuse (n=42) injuries sustained in the tournament (IRR
1.24 95%, Cl 0.62-2.49, p=0.522). It is difficult to determine the most common mechanism of injury
for the most frequent injuries because, as outlined in Table 1, ‘unknown/missing’ data was twice as
high as the next most common mechanism, ‘collision’. These results are similar to Hume & Steele®
and highlights the need to prioritise mechanism of injury data collection. Perhaps reviewing match play

video would result in more accurate data collection.

Following injury surveillance and establishment of aetiology and mechanism of injury, the next step is
to develop a preventative measure for the priority injuries. The Intervention Development Process (IDP)
has been created to guide intervention development in the sporting environment.®’ The first IDP step is

to ‘use the research evidence and clinical experience’; therefore, the following systematic review helps
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inform TRIPP Stage 3 (develop preventive measure). A review of injury prevention strategies has not

previously been conducted specifically for pre-elite athletes.
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this level, an athlete is then embedded into a dedicated develop-
mental period where they are provided with quality coaching, daily
training environments, education, service support and competition
exposure. Transition to the final talentlevel T4, signals that the ath-
lete has achieved a breakthrough performance and that they are
soon ready to progress to & senior elite level in their chosen sport
(i.e., E1 level). A podium performance in the highest levels of elite
competition equates to an E2 (Elite 2) level and multiple podium
achievement at this level an M (Mastery) level. Specific to the pre-
elite athlete population (i.e,, FTEM T levels) it is well recognised
that the onset of puberty and rate of biological ma~-—iton can vary
greatly between athletes within and across sport:  This variation
in maturation and often anincrease inworkload, insufficient recov-
ery and lack of support services creates a challenging environment
for coaches to “~velop their athletes while keeping them injury
and illness frer  *reviou- ‘- ‘ury predisposes an athlete =~ “urther
injuries of the same natw  ra different site and natur ‘o pre-
vent injuries in elite and professional athletes, it is plausible that
preventive activities should commence at the pre-elite level. Pre-
venting the index injury (the first injury) will potentially increase
the long term health of athletes as well as maximising the pool of
athletes eligible to compete at an elite and profes~*~~al setting. This
premise is supported by the work of Huxley et a emonstrating
that 17.3% of injured pre-elite track and field athletes retire due to
injury prior to turning eighteen years of age.

This systematic review will inform practitioners working with
pre-elite athlete populations in three ways:

* Describe and assess injury prevention interventions trialled in
pre-elite populations.

* Synthesise the available evidence on injury prevention strategies
used in pre-elite athletes.

» Provide future directions and opportunities for future research in
pre-elite injury prevention

2. Methods

The Preferred Reporting lte— - “or Syste matic Reviews and Meta-
analyses (PRISMA) guideline were followed and the protocol
was registered on the PROSPERD Infernatinmal nrnenertivae rec-
irtar for cucrpmatic reviews website

m 9May 2017, withthe fo... ..
LWL Pl FAVY By Ulj5[]33.

The inclusion criteria were: (1) studies that separately ana-
lysed pre-elite athletes who are formally recognised and supported
by their respective National Sporting Crganisation or professional
club as having future high performance potential who compete in
Olympic and professional sports; (2) injury prevention interven-
tion specific to pre-elite athletes (as determiend by the T3 and T4
levels of the FTEM model) competing in Clympic and professional
sports; (3) studies provide sufficient data related to injury such
that the effect can be analysed, e.g. injury rates, incidence, preva-
lence, injury rates ratios; (4)study design of randomised controlled
trial, prospective cohort studies and non-randomised controlled
trials. Exclusion criteria were: (1) elite athletes e.g. athletes who
compete in an Clympic sport and represent their country at key
international eventsincluding the Clympics, World Championships
etc. (2) Professional athletes e.g. elite athletes who compete zat the
highest professional level in their sport nationally (e.g. Australian
Football League for Australian Football) and/orinternationally (e.g.
ATPWorld Tourintennis).(3) Recreational athletes that are not for-
mazlly recognised and supported as emerging pre-elite athletes by
their respective national sporting organisation; (4) study designs
of case reports, case series and any cross-sectonal designs.

A comprehensive electronic searchofthe literature in MEDLINE,
CINAHL, PubMed, SportIISCUS and Weh of Science was conducted

P

on 23 May 2017 with a date restriction of 2000 onwards and only
English language as a limitation. Details of the PubMed search
strategy is included as a supplement. All potential references were
importedinto Endnote X7 (Thompson Reuters, Carlsbad, California,
USA) and then into Covidence {Covidence systematic review soft-
wiara Varitae Haalth Innpyation, Melbourne, Australia. Available at

and duplicates removed. Titles and abstracts
s s oy oCTEENE fOT Rligibility by two authors (ES and
PN). The full text of each included study was then independently
examined according to the inclusion and exclusion criteria, and ref-
erence lists of included studies were manually searched to find any
further articles for inclusion. In the event of disagreement between
authors, additional authors (GW and JW) were consulted to reach
CONSENSUS.

Data from included studies were extracted and collated by
one reviewer (ES) and confirmed by another {MD). The follow-
ing -1 were ex(tracted and collated: {1) demographics, FTEM
leve yutcome measures, worvirzinjury definition, injury defini-
tions concept framework (1DCH 2) study design, data collection
period, statistical ~~~'ysis, effectiveness, level of strength, level of
evidence (OCEBM 3) intervention summary, co-interventon,
reproducibility and intervention reporting standard.

Where person-time exposures were not explicitly reported we
documented the number of athletes in each group and assumed the
intervention time in each group was identical. The key outcomes
were presented in a forest plot using incidence rate ratio (IRR) as
the comparator. Incidence rates reported in each study were used
to calculate the IRR, where incidence rates were not presented they
were determined by using raw data.

Intervention Mapping facilitates effective health promotion
program planning, implementation and evaluaton. IM (5tep 5) can
be used independently of other IM steps and focuse planning
program adoption, implementation and maintenance ‘his prac-
tical implementation planning protocol k-~ =2en previously used
in a sporting environment with good effec .ach included article
was mapped according to 1M (Step 5) to determine the risk of bias
in implementation. To be judged as low risk of bias the authors
needed to explicitly state who the adopters, implementers and
planners were as well as outline the implementation performance
& change objectives, determinants, strategies and design. A judge-
ment of unsure was given when some information was provided
with insufficient detail. A high risk of bias was recorded when no
detail was provided for that task.

Two reviewers (ES and MD) independently conducted a risk of
bias assessment on each selected article using the Cochrane Coll-»
oration's tool for assessing the risk of bias in randomised trial
If at least one of the criteria was rated as high, the trial was con-
sidered to have a high risk of bias. To be considered as a low risk
of bias, all criteria had to be rated low risk. Any trials not meeting
these criteria were rated unclear.

The level of evidence of interventions for the prevention of
injury inthe pre- ~%-~ athlete was evaluated using previously pub-
lished guideline: “he level of evidence was defined as strong:
provided by two or more studies with a low risk ofbias and by gen-
erally consistent findings in all studies (»75% ofthe studies reported
consistent findings); moderate: provided by one study with a low
risk of bias and/or two or more studies with a high risk of bias, and
by generally consistent findings in all studies(»75% of the studies
reported consistent findings); limited: provided by only one study
with a high risk of bias; conflicting: inconsistent findings amr -~
multiple trials (>75% of the studies reported consistent findings

The Cxford Centre of Evidence-based Medicine (CCEBM) — Lev-
els of Evidence was used to determine the hierarchical levels of
evidence according to the type of research question with the high-
est level of evidence. The highest level (Level 1) is a systematic
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Table 2
Characteristics af the studies including data collection periad, statistical analysis, efficacy, level of evidence.
Intervention; article Study design Data collection Statistical analysis Effectiveness{level Level of
period of strength for evidence
interveintion type {OCEBM level}
Equipmer
Barbic et: Randomised September Lntention-to-treat analysis
contmlled trai 3-November 17, X Level 2
2{{3
Comparison of mouth guard Injury rates between groups were
designs and concussion compared using a Pvalue and odds
prevention in contact sports. ratio
Level of strength:
Limited
Excrcise
Gilchrist et < Randomised Fall 2002 NCAA Z statistic for rate ratios.
controlled tral Season v Level 2
A randomised controlled trial As-treated analysis
to prevent non contack
Anterior Cruciate Ligament
injury in female collegiate
soccer players
Jungeet: Prospective Two seasons of Incidences of injury compared by High-skill:
contolled Swriss football: calculating z-values. Level 3
intervention study 1999 & 2000
Prevention of soccer injuries: a Dilferences between groups X
prospective intervention examined using t-tests.
study in youth amateur
players
Owoeye et: Cluster randomised Six months: Intention ta treat principles.
controlled trial 20122013 season X Level 2
Efficacy of the FIFA 11+ Lnjury rate ratios calculated using
WArm-up programime in Poisson regression analysis
male youth foatball.
Scase et 4 Prospective U18 Australian Injury incidence.
non-randomised football. v Level 3
controlled tral
Teaching landing skills in elite 2 seasons: Independent tests{Mann-wWhitney
Jjunior Australian football: 2002{2003 U test used for comparison.
evaluation of an injury
prevention strategy
Cox proportional hazards
regression. Relative risk and 95% CI
Silvers-Granell et a Prospective cluster August-December Frequency counts, t-tests,
randomised 2012 chi-square tests, factorial analysis v Level 2
contwlled trial of variance, logistic regression
tests. Injury rates.
Does the FIFA 11+ Injury
prevention program reduce
the incidence of ACL injury in
male soccer players?
Silvers-Granelli et. Randomived Angust-December T tests, X2 tests and generalised
controlled tral 2012 linear regression models 4 Level 2
Efficacy of the FIFA 11+ injury
Prevention Program in the
Collegiate male soccer player
Zouita et a Randamised One sococer season. Mean+ 5D. Kolmogomv-Smimov
controlled trial October to March tests. 2-way repeated-measures v Level 2
analysis of variance. Bonferroni
post-hoc analysis. Chi-square test.
Strength training reduces
irjury rate in elite young
soccer players during one
sedsan
Psychologic-"
lvarsson et a Randomised August 2013-June Mann-Whitney U test.
X Level 2

It pays to pay attention: a
mindfulness based program
for injury prevention with
soccer players

controlled tnal

2014

Cohen's d effect size, 80%
confidence interval
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Tahle 3

Intervention summary, duration and frequency, specific details of intervention {ie reps, sets, intensity, progression), co-intervention, reproducible, intervention reporting standard.

Intervention; article Intervention sumimary Curation & frequency Compliance levels Specifics of Co-intervention Reproducible Intervention reporting
intervention {reps, sets, standard {e.g. CERT}
intensicy, progression}

Equipme ==

Bartic et Use of WIPSS Brain-pad  Not reported Control: 73.8% {ange NA Nil Yes. WIRSS Brain pad NA NA

Compansonof mouth  mouth guard by teamn, 68.1%-97.8%) available commerdal ly
guard designs and
CONCussIon
prevention in contact
sparts.
I'vention: 68.6% (range
by teamn, 68 4%-78.9%)
Exercise CERT score {%) Interpretation
Gilchrist et : Prevent injury and 12 weeks, 1-3jweek Average: 25.8 PEP Warm-up movement Nil No. Web based progmam  7{37} Poar
enhance pedommance sessions{team {50 yards each) expired 19{10/17
{PEP} program. {2.15/week}
A randomived Stretching, Range: 12-37 team Strengthening: walking
controlled trial to strengthening, {1-3.1/week) lunges {20yds « 2}
preverit non contact plyometrics, agilities
Anterior Cruciate and avoidance of
Ligamentinjury in high-risk positions.
femnale collegiate
soccer players
Russian H-5's{3 = 10}
Single toe raises
{30reps/side}
Stretching (305 x 2}
Plyometnics {20 reps
each}
Agilities {40 yards}
Junge et: F-MARC Bricks: Ankle & Not reported Not reported Not stated Coach/player No. ‘F-Marc Bricks' not 526} Poor
Knee stability educationfsupervision;  cleary defined.
ankle taping, adequate
rehabilitation,
promotion of fair play
Prevention of soccer Trunk, hip, leg strength Several interventions.
injuries: a & flexibility
prospective
intervention study in
youth amateur
players
Co-ordination, reaction
time & endurance

Owoeyeet: FIEA 11+ One season {25 weeks), G60% trainings Not stated Nil Yes. FIFA 11+ is well FEYS] Poar

2fweek documented

Elficacy of the FIFA 11+ {Range, 5-22

warm-up prog@mme
in male youth
football.

sessions{team}

1.5 timesfweek

105-288 (GIOZ} £ HOUS Ui SUPHPA pun 33318 jo jouinof [0 12 ipdug g
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Table 3 {Continued}

Intervention; articie

Intervention summary

Duration & frequency

Compliance levels

Specifics of
intervention {reps, sets,
intensity, progression}

Co-intervention

Reproducible

Intervention reparting
standard {e.g. CERT}

Scase, et al 2006.

Teaching landing skills
inelite junior
Australian football:
evaluation of an
injury prevention
strategy

Silvers-Granelli et .

Does the FIFA 11+
Injury prevention
program reduce the
incidence of ACL
injury in male soceer
players?

Silvers-Granelli et ¢

Efficacy of the FIFA 11+
injury Prevention
Program in the
Collegiate male
soccer player

Zouita et a

Strength training
reduces injury rate in
elite young soccer
players during one
523501

Landing, falling &
recovery skills:

Prone fall, backward
fall, sideways rolling,
two foot landing, back
shoulder roll

FIFA11+:

Dynamic warm-up:

Strength, agility,
proprioceplive and
plyometric exercises

FIFA 11+:

Dynamic warm-up:

Running exercises {8

mins} — cutting, change

of direction,
decelerating, landing
techniques; Strength,
plyometric and balance
exercises { 10 mins);
Running exercises {2
mins}

Progressive esistance
training

8 weeks, 1fweek,
30 min sessions

4 months, 2-3{week,
15-20min

4 months, 3fweek,
20min

12 weeks, 2-3jweek,
S0min

Naot reported

2.19 sessions/week

Average: 3278+ 1213
sessions{season

Average: 3278+ 1213
sessions/season {2.19
sessionsfweek)

Nat reparted

Not stated. Reference

Details on website

Details on website

Individuali sed

Aerobic endurance,
weight training, skill
acquisition

Nil

Nil

4-5 soccer
sessians week

1 match fweek

No. Specific program
for training landing,
falling and recovery
skills not provided

Yes. Details of FIFA 11+
program an be found
on provided website

Yes. Details of FIFA 11+
program an be found
an provided website

No. specific details of
strength taining,
program not provided

6{32} Poor
12{63})
14(74)
6{32) Poor

Moderate

Moderate

968

106288 {§10T) EC 34005 1} 2uinpajy pup 3342135 fo jmunof [ 9033 yifws v
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Psychologi ~* WIDER score {%)  Interpretation

Ivarsson et . ‘Mindfullness, 7weeks, 1fweek, Not reported Topics covered: 10-18 h soccerfweek No. spadfic details of 13i(65) Modemie
acceptance and 45 min MAC approach not
commitment approach’ provided
small group sessions
It pays to pay attention: Theoretical & practical
A mindfulness based aspects of intervention

program for injury

prevention with

soccer players
Intro to mindfulness &
cognitive defusion
Intro to values &
values-driven
behavicurs
Intro to concept of
acceptance
Intro hew tc enhance
commitment
Intro how tc combine
mind fulness,
acceptance &
commitmentin
practice
How to maintain &
enhance mindfulness,
acceptance &
commitment

Johnson, et : One-on-one 20weeks. b sessions Not reported Somatic & cognitive Mot stated No. details of B{30}) Poor
psychological training and 2 phone calls relaxation. stress psychological training,
management skills, not provided

goal setting skills,
attribution &
sel f-confidence
training, identification
& discussion about
critical incidents
Injury prevention in 45-90 min
Sweden: helping
soccer players at risk

MNutrition
Lewis et. 4000 U Vitamin D & months. daily Controi: 76% { mnge. NA Nil Yes. Specific details of NA NA
suppiement 64-87%) Vitamin D supplement
provided
The effects of I'vention: 70% {ranee,
season-long Vitamin 25-38%)

D supplementation
on collegiate
swimmers and divers

106- 288 (G162} 28 Lods vl auinipay pun 23u318 Jo jbumiof /e 32 pdus v

CERT: consefisus on exercise reporting template, WIDER: workgroup for intervention development and evaluation research, FIFA: Fédération Internationale de Football Assod ati.



893 EA Smyth et al. / fournal of Stience and Medicine in Sport 32 (2019) 887-501

Random sequence generglion (selection hias)
Blinding of participants and persannel {perfarmance hias)
Blinding of outcome assessment (detection bias)

Allocation concealment (selection bias)
Salective reporing (teporting bias)

Incomplete outcome data (attrition bias)

Barbic 2004
Gilchrist 2008
lvarsson 2015
Johnsan 2005

Junge 2002

Lewis 2013
Cwvoeye 2014

Scase 2006

Sivers Granelli 2015
Silwers Granelhi 2017

Zouita 2016

Fig. 2. Risk of bias summary { Pledse use calour}.

36% (4/11)of the included article: ‘here was no evidence
of tasks 3-6 of IM (Step 5) being utilised to assist with implemen-
tation planning.

A meta-analysis was not undertzken due to high risk of bias
across all included studies. For the purpose of qualitative synthesis,
the results were ordered sys’ Ily in a forest plot grouped
according to intervention typi

4. Discussion

This systematic review highlights a lack of evidence-based
strategies for injury prevention specific to pre-elite athletes. Exer-
cise and psychological interventions have been shown to have
efficacy in preventing injury in pre-elite athletes. However, a high
proportion of these studies were shown to have a high risk of bias
and poor reporting standards of the intervention.

Synthesised results indicate moderate strength of evidence for
the efficacy of exercise interventions fr- ** - ——»vention of injury
in pre-elite athletes. Three of the studie 1ssessed FIFA 11+,

stahlish planning group for intemention development and implementation

hange ablettives for reach, adoption & Implementation

Jeach, adopltion & performanca abfesiives
Jeferminants of reach, adoption & implementation
<each, adoplion & implementaticn strategies

Jegign reach, adoption & implemeniation intersentions

dentify adopters
dentify implementers

-
-

Barhic 2002
Gilchrist 200¢
tarsson 201¢
Johnson 200

Jupngs 2002

Lewis 2013
Owaeya 2014

Soase 200€

Silvers Granelli 201¢
Silvers Granelli 2013

Zouita Z201€

Fig. 3. Intervention Mapping {IM} Step 5 { Please use colour).

two were <-~ied out in the USA College systen ind one was
in Nigeri il three examined the effect of the FIFA 11+ warm-
up on zll injuries that resulted in players’ absence from a match
or training session. The American studies showed a 44% redv -~
in all Division 1 injuries and a 64% reduction in ACL injurie

The Nigerian study reported z significant reduction in injuries
but when wr =~ <alculated 1RR, the intervention was deemed to
be ineffectiv Ahile significant reductions were produced in
some studies, there is still scope for greater injury reduction in
the pre-elite environment. This could be achieved by improved
implementation planning through the use of IM (Step 5). This will
ensure the intervention is appropriate for the population and envi-
ronment and strategies are employed to enhance reach, adoption
and implementation.

There is a lack of evidence for the use of equipment to prevent
injury in pre-elite athletes. However, we cannot dismiss the use
of equipment for injury prevention because a previously published
literature review identified over 600 studies in other athlete popu-
lations focussing on the use of equipment such as ankl~ »~~~~5 and
wrist guards which have been shown to prevent injun here
is uncertainty whether these equipment interventions would also
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menters have input from the very beginning and they have a strong
contribution to the intervention development. Given the lack of
reporting of consultation with end-users, it appears that all studies
developed interventions and implementation strategies with little
consultation with adopters and implementers and limited plan-
ning. Future studies should report any engagement with adopters
andimplementers to allow readers to understand the development
process in full.

Adherence of participants to an intervention is vital as this
will greatly influence the effectiveness of the intervention. Imple-
mentation and interventon planning is essential to maximise
compliance. 1t is difficult to draw conclusions on effectiveness

without knowing compliance levels. Five ~ ‘en stud-
ies did not report their com~"---- 'eve three of
these were e~~~ interventor in- =9 were psychology

intervention he nutrition interventio 1ad alarge range of
compliance with the lowest level being 29%, perhaps this research
should be repeated after undertaking the implementation mapping
process in order to improve compliance and gain a true assessment
of efficacy. Of the two exercise intervent’~—~*hat were shown to be
ineffective, one did not r~~~-t complianc nd the other reported
sub-optimal compliana

The pre-elite athletic population’'s demographics can be wide
ranging across sports. The age range of athletes in our included
studies is 13-23 yo. This population can include pre-pubescent
gymnasts and post-pubescent footballers. Nevertheless they can
experie~~= similar chzllenges such as a sudden increase in train-
ing loa limited access to support services and a tendency for
reduced recovery “— - due to other commitments such as school,
university or wor *erhaps addressing these extrinsic risk fac-
tors could be the most effective method for reducing injury in this
athletic population.

There is evidence s-—~ -~~~ “e efficacy of exercise interven-
tions in this populatio ~hile there is a high risk of bias
we need to understand it is very difficult to blind participants so
this may be a case of misclassification. For those working in foot-
ball there is evir'==~= supporting the use of FIFA11+ in elite and
community leve however, our findings are purely focussed
on pre-elite athletes. Additionally it must be noted that one of
the psychc'~—- studies produced the best reported reduction in
injury rate he authors of this study identified at risk athletes
before administering the targeted intervention. Perhaps interven-
tion studies need to be aimed at subgroups of ath*~~5 who may be
at greaterrisk due to fa~*~-s suchas previous injw ~ r maturation
level in this populatioc  There is limit-" —ridence that supports
the use of screening for injury predictio it at a practical level
it might be still useful to apply targeted interventions to pre-elite
athletes with at-risk profiles.

There is a paucity of research with low risk of bias specific to
injury prevention in the pre-elite population. We have identified
a lack of exercise intervention studies for female pre-elite ath-
letes. It is recommended that injury prevention interventions that
have been shown to work in other athletic populations should be
trialled in a variety of sports for pre-elite male and female ath-
letes, and where possible trials should be conducted to ensure a
low risk of bias anc --~*** intervention reporting standards such
as CERT and WIDEF None of the interventions included in
this review utilised more than a single discipline approach; mul-
timodal interventions may imp~~-= the observed effect given the
complexity of injury aetiologie Sreater attention needs to be
directed toward implementation planning to bring about sustained
intervention cr—='iance in order to achieve injury reduction in
the 'real-worlc ‘inally, adoption of a model such as the FTEM
framework zllows greater consistency in the classification of the
sporting population with ciear descriptions of the requirements of
each level

This Systematic Review provides a synthesis and summary of
evidence, as well as providing clear recommendations for future
research investigating injury prevention interventions used in pre-
elite athletes. A limitation of this review was the inabhility to
perform a2 meta-analysis of results and the generally low number
of published studies in this population. Additionally, although we
employed a sensitive search strategy, we may have misclassified
excluded articles due to low reporting standards of the level of
athlete in many interventions.

5. Conclusion

There is limited evidence as to the efficacy or otherwise of
exercise and psychological interventions for injury prevention in
pre-elite athletes who compete in an Glympic or professional sport.
No evidence is available for the use of equipment {mouthguards)
and Vitamin D supplementation interventions for the pre-elite ath-
letic population. None of the included studies demonstrated low
risk of bias and intervention and implementation planning are not
well reported in injury prevention research of pre-elite athletes
limiting the ability to implement the results inthereal-world. There
needs to be a call to acton across disciplines to address this appar-
ent shortfall in the literature in order to inform effective practical
outcomes.

What is already known?

® Injuries in pre-elite development are common.

* Injuries can compromise a developing athlete’s sporting poten-
tial, reduce their chance of successful performance and can lead
to athletes dropping out of the sport.

« Previous injury predisposes athletes to further injury.

What are the new findings?

® Exercise and psychological interventions may prevent injury in
pre-elite athletes.

« There is insufficient evidence to evaluate the use of equipment
and nutrition interventions in pre-elite athletes.

& There is a lack of level 1 evidence for injury prevention in the
pre-elite population.

» More injury prevention intervention studies need to focus on
female athletes.
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IRR (95% CI}

Equipmient

Barbic 2005 —— 105 (0.58. 1.9}

Exercise

Galehnist 2008 : 104 (095 115}

Junge 2007 (high kill) 0.94(0.84. 1 0

Owoeye 2014 _ 530023 126)

Sease 2006 [ ] 0.6% (6 660 73}

Silvers.Granelli 2015 Dy 1) E 3 0.58 (0 9. 069}

Silvers-Granelli 2017 {Div 1) - 0.36 (0 200 15}

Zowita 2016 — 0300023 039)

Wulnhon

Lewis 1013 - 154(1.27. 187}

Pavehology

Ivarsson 2015 - 0.58 (6.16. 0 67)

Johnson 2005 - OTB(C 15 011)
T T

12% 1 3
Faveurs treatiment Favours controt

Figure 9 (Figure 4 in publication). Forest plot showing IRR and 95%CI of number of injuries in intervention group compared
to control group. IRR: incidence rate ratio, Cl: confidence interval.

Systematic review update

Methods

Subsequent to the published systematic review, an electronic search of the literature in MEDLINE,
CINAHL, PubMed, SportDISCUS and Web of Science was repeated on 22 February 2021 with a date
restriction of May 2017 onwards and English language only as a limitation. The same search strategy
used in our published Systematic Review!® was employed. All potential references were imported into
Endnote X7 (Thompson Reuters, Carlsbad, California, USA) and then into Covidence (Covidence
systematic review software, Veritas Health Innovation, Melbourne, Australia. Available at
www.covidence.org) and duplicates removed. Titles and abstracts were independently screened for
eligibility by two authors (ES and PN). The full text of each included study was then independently
examined according to the inclusion and exclusion criteria used in our published Systematic Review,
and reference lists of included studies were manually searched to find any further articles for inclusion.

In the event of disagreement between authors, an additional author (GW) was consulted to reach
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consensus. Data extraction from the published Systematic Review!* was repeated and presented in the
Tables below. Two authors (ES and MD) repeated an independent risk of bias assessment on each
included article using the Cochrane Collaboration’s tool for assessing the risk of bias in randomised
trials (Figure 9).1% As this new search was conducted for the purposes of updating our published
Systematic Review,'® the same risk of bias tool was applied despite two of the articles being cohort
studies rather than randomised studies. Risk of bias for implementation was repeated by assessing each

article against IM (Step 5) criteria (Figure 8).”""®

Results

The electronic search identified 1971 articles; duplicates were then removed, resulting in 1893 articles.
The titles and abstracts were screened, which reduced the number of articles to 17. The full texts of
these articles were obtained and assessed for eligibility against the inclusion criteria. No articles were
added following citation checking. Fourteen studies were excluded due to not meeting the inclusion
criteria. Two of the most common reasons for exclusion were 1) wrong patient population (n=8) and 2)
insufficient detail (n=5). The three remaining articles were included for full review and data

synthesis.1%-19 The flow chart of this process is presented in Figure 7.
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Figure 10: PRISMA flow chart, PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

One article examined whether load management using the Acute:Chronic Workload Ratio (ACWR)
could prevent health problems in male and female elite youth football (soccer) players.1% The other two
articles assessed the effectiveness of exercise programs to reduce injury.%”1% More specifically, one of
the exercise studies involved the delivery of a sensorimotor training intervention for male and female
collegiate football (soccer) players. The other exercise study investigated the effect of a hip-focused
injury prevention program for reducing the incidence of ACL injury in female collegiate basketball

players.

The injury definitions and Injury Definitions Concept Framework (IDCF) classification for each study
are outlined in Table 1. According to the IDCF classification, one study used athlete self-report'° and
the other two studies relied on clinical examination.!%":1% The level of strength according to guidelines
previously published'® and effectiveness based on IRR are outlined in Table 1. The strength of evidence

was deemed to be limited for load management and moderate for exercise. The hierarchical level of
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evidence was Level 2 for load management!®® and Level 3 for exercise because they were non-

randomised cohort studies (Table 2).107:108

The risk of bias assessment is outlined in Figure 9. Risk of bias assessment concluded that these three
studies were deemed at high risk of bias.1%1% A major contributor to assessments of high risk of bias

was lack of randomisation, blinding and allocation concealment.

The Consensus on Exercise Reporting Template (CERT) was employed to rate the reporting standard
of the exercise studies. The following criteria has been previously applied!’: studies satisfying >75%
of criteria were considered to have a high level of reporting standard; 60-74% moderate; and those
satisfying less than 60% of criteria were considered to have poor exercise reporting standards. The
CERT scores were 53%%7 and 37%%% for the exercise studies, which were therefore deemed to have

poor reporting standards (Table 3).

There was no evidence of IM (Step 5) being employed to guide the implementation process for any of
the included articles. Results are shown in Figure 8. Adopters and implementers were identified in all
studies; however, there was no evidence of developing an implementation planning group or developing
objectives, determinants, change objectives or strategies for reach, adoption and implementation. There

was, however, some evidence of designing reach, adoption and implementation interventions.

Discussion

The two exercise studies were found to be effective for preventing injury in pre-elite athletes, which
supports the findings of the published Systematic Review.'* However, these studies were shown to
have a high risk of bias and poor reporting standards. Load management as an intervention was not
included in the published Systematic Review.'® This subsequently identified study demonstrated that
load management using the ACWR was not successful in preventing health problems in pre-elite
footballers.'® The authors identified that a major limitation of the study was the difficulty with assessing
coaches’ adherence to the intervention and the extent to which their training planning was influenced

by the ACWR. Another limitation was a low (69%) average athlete response rate for the HPQ.
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Table 2: Intervention — description of study participants, level of competition, incidence of injury of included studies, injury definition and injury definitions concept framework (IDCF)

Injury Incidence or Prevalence

Intervention type; Participants FTEM level*, Intervention Control/ pre- IRR or RR Injury definition IDCF
Avrticle (male/female) age (exposure) intervention (95%Cl)

(Age£SD) (exposure)
Load management
Dalen-Lorentsen, 2020. Does load Soccer (M&F) FTEM: T 3/4 All health problems:  All health problems:  All health problems:  All complaints, irrespective of
management using the acute:chronic Con:17.4+1.1 65.7% (61.1%— 63.8% (60.0% — RR 1.01 (0.91- their consequences on
workload ratio prevent health Int:17.2+1.2 70.2%) 67.7%) 1.12); p=0.84 football participation or their
problems? A cluster randomised trial Substantial health Substantial health Substantial health need to seek medical
of 482 elite youth footballers of both problem: problem: problem: attention, including illness &
Sexes. 31.1% (26.7% — 35.3% (31.6% — RR 0.88 (0.72— injury.

35.5%) 39.1%) 1.06); p=0.17

Exercise
Reneker, 2019. Sensorimotor training  Soccer (M&F) FTEM: T 3 8.94 injuries/1000 11.8 injuries/1000 IRR 0.76 (0.69— Occurred during participation
for injury prevention in collegiate NCAA Div 2 20.2 + 1.46 athlete exposures athlete exposures 0.83); p=0.00 in a NCAA-sanctioned
soccer players: An experimental study practice or competition and

required attention from an
athletic trainer and or
physician. Contusions and
overuse injuries were not

included.
Omi, 2018. Effect of hip-focused College FTEM: T3 0.10 ACL 0.25 ACL RR 0.38 (0.17— ACL injury diagnosed by a
injury prevention training for anterior  basketball (F)  19.6 + 1.1 injuries/1000 athlete  injuries/1000 athlete  0.87); p=0.017 physician and verified by
cruciate ligament injury reduction in Equivalent to exposures exposures arthroscopy or magnetic
female basketball players. A 12-year NCAA Div 2 resonance imaging.

prospective intervention study

FTEM: Foundation, Talent, Elite, mastery Framework; IRR: Incidence Rate Ratio; IDCF: Injury definitions Concept Framework; NCAA: The National Collegiate Athletic Association; AE:
Athlete Exposure; ACL: Anterior Cruciate Ligament



Table 3: Characteristics of the studies including data collection period, statistical analysis, efficacy, level of evidence.

Intervention;
Article

Data collection
period

Statistical analysis

Effectiveness/ level
of strength for
intervention type

Level of evidence
(OCEBM Level)

Load management

Dalen-Lorentsen, 2020. Does load
management using the acute:chronic
workload ratio prevent health
problems? A cluster randomised trial
of 482 elite youth footballers of both
Sexes.

Exercise

Reneker, 2019. Sensorimotor training
for injury prevention in collegiate
soccer players: An experimental
study

Omi, 2018. Effect of hip-focused
injury prevention training for anterior
cruciate ligament injury reduction in
female basketball players. A 12-year
prospective intervention study

Feb—Nov 2018

2017-2018

2003-2014

Outcome measures:
Between-group difference in
prevalence & relative risk ratio.
Generalised estimating
equations with intention-to-treat
principle

Descriptive statistics: means
with standard deviation, counts
with percentages.

Right skewed outcomes: log-
gamma mixed effect random
intercept models.

Normal outcomes: Gaussian
random intercept models
Injury rates: Poisson models
Outcome measure:

ACL injuries.

Incidence rates

Relative risk: chi-square
analysis

X

Level of strength:
Limited

v

v

Level of strength:
Moderate

Level 2

Level 3

Level 3

OCEBM: Oxford Centre for Evidence Based Medicine, ACL: Anterior Cruciate Ligament
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Table 4:Intervention summary, duration and frequency, specific details of intervention (i.e., reps, sets, intensity, progression), co-intervention, reproducible, intervention reporting standard

Intervention; Intervention summary  Duration & Specifics of intervention (reps, Co- Reproducible Intervention reporting standard (e.g., CERT)
Article frequency sets, intensity, progression) intervention
Load management
Dalen-Lorentsen, 2020. Does Individualised load NA NA Nil No. A lot of NA NA
load management using the management variability in
acute:chronic workload ratio application.
prevent health problems? A
cluster randomised trial of 482
elite youth footballers of both
Sexes.
Exercise CERT score (%) Interpretation
Reneker, 2019. Sensorimotor Vestibular, visual & 4 weeks Circuit of exercises face-to- Nil Yes. 10(53) Poor
training for injury prevention in  oculomotor activities, 2 face-to-face  face: (45mins total)
collegiate soccer players: An cervical neuromotor sessions/week  2-3 rounds, 5-6 exercises, 2.5—
experimental study. control & strength & home 3.5 mins/station

training, and exercise HEP:

postural/balance program Horizontal gaze stability

exercises. Near-point convergence

Horizontal eye-head
coordination

Omi, 2018. Effect of hip- Hip-focused injury 8 years. Detailed program outlined in Education for Yes. 7(37) Poor
focused injury prevention prevention (HIP) Education: Table 2 of publication players,
training for anterior cruciate training: 3/season coaches &
ligament injury reduction in Jump-landing +/- band HIP training: student
female basketball players. A 12-  Strengthening 20 mins, athletic
year prospective intervention Balance 3/week trainers

study

CERT: Consensus on Exercise Reporting Template; HEP: Home Exercise Program; HIP: Hip-focused Injury Prevention
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Chapter 4 ‘Ideal conditions’/Scientific evaluation of the
preventative measure (TRIPP 4)

Published work
This chapter is based on a manuscript that has been published in the journal, Physical Therapy in Sport.

Smyth E, Waddington G, Witchalls J, et al. Does ankle tape improve proprioception acuity
immediately after application and following a netball session? A randomised controlled trial.

Phys Ther Sport. 2021; 48:20-25.

Chapter 3’s systematic review identified level 2 and 3 evidence for exercise and psychology
interventions preventing injury in pre-elite athletes. Additionally, there was an absence of evidence to
support the use of equipment, nutrition and load management interventions within the pre-elite athlete
cohort. This third study provides evidence for the use of tape (i.e., equipment) in pre-elite netball

athletes.

The most frequent injury reported at the 2018 ANNC was ankle sprain. A recent literature review!!!
supported the use of a brace or tape to reduce the risk of recurrent and initial ankle sprain. Additionally,
a significant association between poor single leg balance and ankle sprain has been identified.!'? To
control balance, the central nervous system (CNS) combines visual, vestibular, and proprioceptive
information to coordinate the activation patterns of muscles.*® At the time of this thesis being
developed, Netball Australia had a universal prevention policy requiring all pre-elite athletes to tape
their ankle for training and matches. Therefore, to assess the efficacy or effectiveness of injury
prevention in this population was deemed unfeasible as it would require removing preventative actions
from the group. Discussion with Netball Australia and relevant ethics committees determined that
removing a preventative action was not ethical, noting it would be the best scientific approach.
Therefore, we decided to test the hypothesis that ankle tape improves proprioception to determine if
there is evidence to support the rationale for the continued use of the ankle taping policy. It also provides

evidence for whether there is a difference between a Sport and Exercise Physiotherapist (SEP) taping
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an athlete’s ankle and an athlete performing self-applied taping, which has practical and clinical

importance.
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Writing the paper and critical appraisal of content
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Analysis and interpretation of the findings

Phillip Newman Analysis and interpretation of the findings No

Writing the paper and critical appraisal of content

Juanita Weissensteiner Writing the paper and critical appraisal of content | g
Steven Hughes Data cellection No
Theo Niyosenga Analysis and interpretation of the findings No
Michael Drew Conception and design of the research proposal No

Analysis and interpretation of the findings

Writing the paper and critical appraisal of content
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Does ankle tape improve proprioception acuity immediately after

application and following a netball session? A randomised controlled trial
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Chapter 5 Describing intervention context to inform
implementation strategies (TRIPP 5)

Published work

This chapter is based on a paper that has been published in the journal, International Journal of Sport

Science & Coaching.

Smyth E, Appaneal R, Drew M, et al. Identifying the challenges to implementing a

neuromuscular warm-up in pre-elite netball. Int J Sports Sci Coach. 2021;16(4):913-924.

AnkKle sprains were the most frequently reported injury and ACL ruptures were the most severe at the
2018 17/U & 19/U ANNCs.** Over the past two decades ankle sprains and knee injuries have had the
highest incidence of reported injuries in the sport of netball.>"*8115 Kreisfeld et al.,*'® reporting on sports
injury hospitalisation within Australia in 2011-12, identified that in netball, knee and lower leg injuries
were the most frequently injured body region (60% of all netball injuries) with the youngest age group

(15-17yrs) having the highest incidence rate.

Netball Australia, Australia’s governing netball body, introduced the ‘Knee injury prevention for
Netballers and Enhance performance and Extend play’ (KNEE) program in 2015. The aim of this
program is to reduce not only knee injuries but all lower body injuries and to enhance performance by

improving movement efficiency, strength and power.

Netball Australia developed a website (https://knee.netball.com.au) with resources to assist with
implementing the KNEE program in junior, recreational and elite level netball programs. There is
evidence demonstrating that high athlete compliance with an injury prevention program leads to
significantly lower injury risk compared to an intermediate or lower level of compliance.!!” Each head
coach at the 2019 17/U & 19U ANNC was contacted by email in April 2019 and followed up in person
if an email response was not received, to determine athlete compliance to the KNEE program. It was
revealed that 38% of teams competing at the 2019 17/U & 19U ANNC were not completing the KNEE

program as frequently as recommended (i.e., 2-3 times/week). A recent observational study of
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community junior netballers also demonstrated a lack of compliance to the KNEE program,®

suggesting a review of the KNEE program’s implementation is required.

Concept Mapping (CM) was used to harness and organise the ideas of netball coaches, strength &
conditioning coaches and physiotherapists about the challenges they faced when implementing the
KNEE program. The primary aim of this approach was to recognise gaps within the system
implementation of this program and, in turn, develop viable and practical solutions including
engagement and education to support compliance and in turn, the impact of the program. The process

adopted within this study, partly fulfills the requirements of TRIPP Stage 5.
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Identifying the challenges to implementing a neuromuscular warm-up in

pre-elite netball using concept mapping
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Chapter 6 Evaluating effectiveness of preventative measures in an
Implementation context (TRIPP 6)

Paper submitted for publication

This chapter is based on a paper that has been submitted for publication in the journal Translational
Sports Medicine. Ankle sprains, low back pain and foot blisters were the most frequent injuries reported
at the 2018 17/U & 19/U ANNC, while ACL ruptures and concussion resulted in the greatest sports
incapacity. Prevention strategies such as the KNEE program are in place to address the prevalence of
ankle sprains and ACL rupture. Netball Australia is addressing the incidence of concussions within its
related policy and procedures. Strength and conditioning coaches and physiotherapists are addressing
the incidence of lower back pain at an individual level. However, foot blister prevention has never been
prioritised at this level. The current study assessed the effectiveness of a foot blister prevention strategy
within the real-world setting of the 2019 17/U & 19/U ANNC. Additionally, medical attention and self-
report injury surveillance conducted at the 2018 17/U & 19/U ANNC was repeated at the 2019 17/U &

19/U ANNC, resulting in improved understanding of the pre-elite netball athlete injury profile.
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Injury surveillance at the 17/U & 19/U Australian National Netball

Championships and the effect of a foot blister prevention intervention

Abstract

Objective: Surveillance of injury/illness at the 2019 17/U & 19/U Australian Netball National
Championships (ANNC) and evaluation of the effectiveness of a foot blister prevention strategy.
Design: Prospective observational cohort study with intervention.

Methods: One hundred and ninety-two athletes were observed during a six-day tournament. Medical
attention injuries were recorded prospectively by physiotherapists and athlete self-reported injury data
was collected. Additionally, a foot blister prevention strategy was applied six weeks prior to tournament
commencement.

Results: Ninety-five medical attention injuries were sustained by 73 athletes, at an incidence rate of
82.5 injuries/1000 player competition hours. Ankle sprains (n=16) and lumbar pain (n=12) had the
highest incidence of medical attention injuries. Thirty per cent of athletes started the tournament with a
self-reported injury/illness. Twelve sports incapacity injuries were recorded, with concussion (n=5) and
ACL rupture (n=4) the most frequent. Team physiotherapists recorded eight foot blisters in 2019 and
eleven foot blisters in 2018, this difference was not statistically significant.

Conclusions: Ankle sprains were the highest medical attention injury recorded in pre-elite netball
athletes. This has not changed over the past 30 years, indicating current ankle sprain prevention
strategies are not effective. Our foot blister prevention strategy was not effective for preventing foot
blisters in pre-elite netball athletes.

Keywords: Athletic injuries; Surveillance; Sports medicine; Sprains and strains; Foot blisters; Pre-elite

netball population
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Introduction

Netball is the most popular team sport in Australia for women and girls, but participation decreases
after the age of 15 with poor health or injury the second greatest reason for drop-out.!® Australia has
remained on top of the world netball rankings over the last five years.''® For sustained success, Netball
Australia seeks to continue junior player development, with a critical component focusing on

maintaining the health of athletes through injury and illness prevention strategies.

Injury surveillance has previously been conducted at the 2018 17/U & 19/U Australian Netball National
Championships (ANNC).'* These championships are an opportunity for each Australian state to
compete against the others and for Australian national squads to be selected. Ankle sprains, low back
pain and foot blisters were the most frequent injuries reported, with anterior cruciate ligament (ACL)
ruptures the most severe, at the 2018 ANNC.** Ankle sprains and knee injuries have consistently had
the highest incidence rate in netball over the past 30 years.>¢- Historical prevention programs targeting
ankle and knee injuries have previously been implemented;’ " however, foot blisters have not yet been

targeted.

Foot blisters are a common occurrence in netball.>>°8114 Despite this, there is no evidence of foot blister
prevention strategy implementation in the netball population. Of the many netball injury surveillance
studies,® only two have reported foot blister injury rates.>>® Hopper, in 1986 recorded 45 foot blisters
(28.5%) across a 14-week netball season,® and Hume & Steele in 2000 recorded 2 foot blisters (2%)
during a three-day tournament.® At the 2018 17/U & 19/U ANNC, foot blisters continued to be
problematic, causing 11 athletes to require medical attention and resulting in sports incapacity for two
athletes.** Foot blister prevention studies have previously been conducted with military personnel and
endurance runners.?%12 |t is generally accepted that foot blisters can be easily prevented with correct
footwear and foot hygiene.?212 We tested this hypothesis by implementing a prevention strategy at the

2019 17/U & 19/U ANNC.

The objectives of this study are to:
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1) Describe the type and mechanism of injuries that occurred across the six-day 2019 17/U & 19/U
ANNC and during the four weeks following the tournament.

2) Compare injury rates between the 2018 and 2019 17/U and 19/U ANNC.

3) Evaluate the effectiveness of a blister prevention strategy for reducing the number of foot
blisters reported at the 2019 ANNC compared to the 2018 ANNC.

Methods

Participants & Design

All athletes (n=192; 17/U athletes = 96, 19/U athletes = 96) competing at the 17/U & 19/U ANNC were
invited to participate in the present study. Sixteen female teams competed in the six-day tournament
(11-16 April 2019). Each team played nine matches, with two matches played on days one, three and
four, while one match was played on days two, five and six. A total of 144 matches were played, with
each match consisting of ten-minute quarters. Athletes were not exposed to training during the
competition due to the congested match schedule. The methods for the 2018 17/U & 19/U ANNC injury
surveillance collection have previously been published!** and were repeated in 2019. The Strengthening
the Reporting of Observational studies in Epidemiology in Sports Injury and Iliness Surveillance
(STROBE-SIIS) was followed.*” Ethics approval was obtained from the Australian Institute of Sport
Human Research Ethics Committee (Approval number: 20180404). All participants or their
parents/guardians provided consent via their individual online Athlete Management System (AMS;

Smartabase, Fusion Sport, Brisbane, Australia) account.

Intervention strateqy

Six weeks prior to the ANNC, every athlete received a foot blister prevention and management pack,
frequently used by the Australian Institute of Sport Medical Department, and an advice sheet (Appendix
17) developed by one of the authors (RF). Each team physiotherapist was asked to present the
information in the advice sheet to their athletes while distributing the prevention packs. Athletes were

also encouraged to not wear new netball shoes within four weeks of the tournament start.

Outcome measures
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Injuries were defined in three ways: 1) self-reported, 2) medical attention and 3) sports incapacity.
Athlete self-reported injuries were defined as sensations that are interpreted by an athlete as being
indicators of abnormal body function.!?* All athletes were asked to complete the Oslo Sports Trauma
Research Centre Questionnaire on Health Problems (OSTRC-H)®!® via their AMS accounts at four
time points: 1) the start of the tournament, 2) end of the tournament, 3) one week post-tournament and
4) four weeks post-tournament. This questionnaire asks the athlete to report any injuries or illnesses
experienced in the past week in terms of participation, training volume, effect on performance and

symptoms. The questionnaire allows for multiple injuries and illnesses to be reported.

A medical attention injury was defined as loss or abnormality of bodily structure or functioning that
following examination is diagnosed by a clinical professional as a medically recognised injury.*?* Team
physiotherapists were asked to record all medical attention injuries using a standardised injury record
form within the AMS. A four-character Orchard Sports Injury Classification System 10 (OSICS-
10.1)*?¢ injury diagnosis code was assigned prospectively by each team physiotherapist. The lead author
(ES) met with all team physiotherapists prior to the tournament to explain the injury record system and
clarify any areas of uncertainty. All physiotherapists were encouraged to complete each injury record
on the day of injury. Sports incapacity injuries were defined as an injury that required an athlete to miss
any duration of match play during the tournament or where the athlete reported a reduction in

participation as assessed by the OSTRC-H.1?4

Exposure was quantified according to the ‘athlete participation’ method, which defines participants as
those that are on the game roster whether they played or not.*?” The number of athletes per team (n=12)
was multiplied by the number of teams (total=16, 17/U=8, 19/U=8), number of matches (n=9) and the
number of minutes per match (n=40) and then divided by the number of minutes per hour (n=60). This
resulted in a total of 1,152 player competition hours, or 576 player competition hours for each of the

17/U or 19/U athlete cohorts.

Statistical analysis
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Descriptive analysis was performed for the 17/U and 19/U athlete cohorts at the 2019 ANNC. The
differences between age groups for medical attention injuries (including foot blisters), sports incapacity
injuries and injury classification were measured by calculating incidence rate ratios (IRR) and Fisher’s
exact test to test for significance. ANNC competition years were also compared by calculating IRR for
medical attention injuries and specific injury diagnoses. Injury incidence rates were calculated using
the formula: number of new injuries/number of exposures per 1000h.%° Incidence rate ratios were also
calculated to compare age groups and ANNC competition years. Analysis of the OSTRC-H
guestionnaire outcomes across the four dates completed by the 2019 cohort utilised the McNemar chi-
square test, as this involved comparison of non-independent groups (repeated sampling). Comparison
of the OSTRC-H outcomes between the 2018 and 2019 ANNC cohorts was performed using the Pearson

chi-square test.

Results

Medical attention and sports incapacity injuries (including foot blisters)

Ninety-five medical attention injuries were sustained by 73 athletes over a six-day period, at an
incidence rate of 82.5 injuries/1000 player competition hours. Sports incapacity incidence rate was
10.4/1000 player competition hours. There was no significant difference between 17/U & 19/U medical
attention injury rates (17/U, n=47; 19/U, n=48; IRR=0.98; 95% CI: 0.64-1.50; p=0.92). Lateral ankle
ligament sprains (n=16, 16.8%), lumbar pain (n=12, 12.6%) and foot blisters (n=8, 8.4%) were the most
frequently recorded injuries. There were 12 (12.6% of total injuries) sports incapacity injuries recorded,
with concussion (n=5) and ACL rupture (n=4) the most common. None of the foot blisters resulted in
sports incapacity. There were twice as many 17/U sports incapacity injuries compared to 19/U sports
incapacity injuries; however, this was not statistically significant (17/U, n=8, 8.4%; 19/U, n=4, 4.2%j;
IRR=2.00; 95% CI: 0.54-9.08; p=0.27). Ninety-five per cent (n=90) of injuries were classified as new
injuries and occurred 18 times more frequently than recurrent injuries (n=5, 5%; IRR=18.00; 95% CI:
7.43-56.78, p<0.01). Details of the mechanism of injury, injury onset and classification of injury

according to each body area are outlined in Table 1.
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2018 versus 2019 ANNC

Compared to the 2018 ANNC!* results, there was no difference in total medical attention injuries in
2019 (2018, n = 103; 2019, n = 95; IRR=1.08; 95% CI: 0.81-1.45; p=0.57). There were also similar
number of 19/U injuries (2018 19/U, n=64; 2019 19/U, n=48; IRR=1.33; 95% CI: 0.90-1.98; p<0.13)
and 17/U injuries across both years (2018 17/U, n=39; 2019 17/U, n=47; IRR=0.83, 95% CI: 0.53-
1.30; p=0.39). No reduction in foot blisters was observed (2018, n=11; 2019, n=8; IRR=1.38; 95% CI:
0.50-3.94; p=0.50). There were also similar frequency of ankle sprains (2018, n=14; 2019, n=16;
IRR=0.88; 95% CI: 0.40-1.91; p=0.72), lumbar pain (2018, n=10; 2019, n=12; IRR=0.84; 95% CI:
0.32-2.10; p=0.68), ACL ruptures (2018, n=3; 2019, n=4; IRR=0.75; 95% CI: 0.11-4.43, p=0.73) and

concussion (2018, n=3; 2019, n=5; IRR 0.60; 95% CI: 0.09-3.08, p=0.51).

Health problems questionnaire

The response rate for the four OSTRC-H questionnaires (1: at the start of the tournament, 2: end of the
tournament, 3: one-week post-tournament, and 4: four weeks post-tournament) was greater in 2019
(93%, 99%, 78% and 74% respectively) than in 2018 (90%, 76%, 41% and 34% respectively). Of the
175 athletes that completed the first and second OSTRC-H in 2019, 30% (n=53) started the tournament
with a self-reported injury/illness. There was a significant increase in the number of athletes (n=74,
42%) who self-reported an injury/illness at the end of the tournament compared to the start (y?>=11.76,
p<0.01; OR=2.11; 95% ClI: 1.19-3.85). Ten (7% of respondents) of these athletes could not participate
at all four weeks following the 2019 ANNC, whereas three athletes (2% of respondents) reported not

being able to participate in netball during the week prior to the 2019 ANNC.

Forty athletes (28% of respondents) in 2019 and 22 athletes (34% of respondents) in 2018 reported
training at a reduced volume four weeks following the tournament due to self-reported injury/illness
(x*=0.69, p=0.41). Sixty-nine athletes (36% of respondents) in 2019 and 55 athletes (38% of
respondents) in 2018 thought their performance was affected by injury/illness during the tournament

(2=0.07, p=0.80).

Discussion
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Injury surveillance has now been prospectively investigated across two years of the 17/U & 19/U
ANNC. The combined 17/U and 19/U injury incidence rate was lower in 2019 (82.5/1000 player hours)
compared to 2018 (89.4/1000 player hours), but this was not statistically significant.!** Lateral ankle
ligament sprains, lumbar pain and foot blisters were the most frequently recorded injuries in 2018 and
2019.1* The number of sports incapacity injuries fell from 22 in 20184 to 12 in 2019; however, the
number of ACL ruptures increased by one (2018, n=3; 2019, n=4) and concussions slightly elevated
from three to five.!** Further prevention strategies are indicated to address these significant ongoing

health issues.

The International Olympic Committee (IOC) consensus statement on youth athletic development states:
‘No youth athlete should compete — or train or practice in a way that loads the affected injured area,
interfering with or delaying recovery —when in pain or not completely rehabilitated and recovered from
an illness or injury’.* Thirty-one per cent of athletes started the tournament with a self-reported
injury/illness, an increase from 27% in 2018.1 Prior to these two studies, the OSTRC-H has not been
utilised to record injury data for pre-elite athletes competing in a tournament, making it difficult to draw
conclusions about whether these figures are common in this population. Nevertheless, our results
indicate that a concerted effort needs to be made to heed the advice of the IOC* and improve the health
of athletes attending the tournament. Improved awareness of pre-elite injury prevention and
management needs to occur across the system, including state bodies, clubs, coaches, managers, parents

and athletes.

There was no meaningful reduction in foot blisters in 2019 (n=8, 8.4%) compared to 2018 (n=11,
10.7%). There was no incidence of sports incapacity due to foot blisters in 2019. A higher frequency of
foot blisters was recorded at the 2018 & 2019 17/U & 19/U ANNC compared to previously reported
injury data from a three-day New South Wales netball tournament in 1995 (n=2, 2% of total injuries).%®
It is difficult to claim a reduction of three blisters across six days and 192 athletes at the 2019 17/U &
19/U ANNC is of clinical significance; however, it is promising to observe a reduction in this injury
rather than an increase. This strategy could be improved by involving the team physiotherapists in the

research project earlier to increase their engagement and highlight the important role they play in
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educating athletes about foot blister prevention. Continuing to implement this simple foot blister

prevention strategy is advised.

There were two additional concussions at the 2019 17/U & 19/U ANNC (n=3) compared to the 2018
17/U & 19/U ANNC (n=5) but this difference was not statistically significant. Concussion incidence
appears to have increased over the past 20 years. In 1998, Finch et al.'*® reported a frequency of 1.6%
(n=4) over two consecutive five-month seasons and in 2014, there was one concussion recorded from
154 netball injuries presenting to an emergency department across a 2-year period.?® Finch et. al.*?°
reported an 8% annual increase in concussions sustained by netball athletes from 2002—-03 to 2010-11.
Possible explanations for this apparent increase in concussions are that historically they were not
recognised and diagnosed, or that changes in game style over time mean that more collisions now occur
in netball, 3! resulting in more concussions. Improving concussion injury surveillance and
understanding mechanisms of injury are important steps towards preventing concussion and should be

prioritised, as it is an injury that results in sports incapacity and can cause long-term sequelae.

Approximately one-third of athletes were training at a reduced volume due to an injury or illness
following the 2018 and 2019 17/U & 19/U ANNC. In 2018 and 2019, five (8%) and ten athletes (7%)
respectively could not participate at all, four weeks post tournament. At the start of the tournament, two
(1%) athletes in 2018 and three (2%) athletes in 2019 could not participate in the week prior to the
tournament. Athletes are required to play nine matches in six days at possibly a higher intensity than
they would normally play. Preparation for this workload is very difficult when these athletes have other
competing commitments such as school, university or work.'**32 A spike in training load can increase
risk of injury or illness for the following four weeks.**® This data warrants a review of the 17/U & 19/U
ANNC format — perhaps a system where teams are divided into two pools to limit the number of fixtures
could be considered to reduce health consequences. Additionally, awareness and utilisation of recovery

modalities®***** during this multiday tournament could be reviewed.

Two injury surveillance methods, athlete self-report and medical attention, were introduced in 2018 at
the 17/U & 19/U ANNC and repeated in 2019. The athlete self-report response rate improved to be

above 70% across all four OSTRC-H collection periods in 2019, compared to 2018 when the response

99|Page



rate was below 50% for the two post-tournament OSTRC-H. There were also fewer missing data points
for medical attention injuries in the second year of injury surveillance. For example, in 2018, 32 (31%)
injury records did not include mechanism of injury data; in 2019, this decreased to 10 (11%) incomplete
injury records. Establishing quality injury surveillance takes time and commitment by all personnel
working within high-performance sport and is a critical component of injury prevention. We were able
to implement injury surveillance across two 17/U & 19/U ANNC due to the strong support received
from Netball Australia, highlighting the critical role National Sporting Organisations (NSQOs) play in
injury prevention. Our method for obtaining injury data from a pre-elite level national tournament is a
good example of how other NSOs may also employ injury surveillance in their pre-elite populations at

similar events.

We conducted a prospective intervention cohort study and compared results to a study conducted one
year earlier.!* Several limitations of this study are apparent. Firstly, there was no monitoring to ensure
all athletes received their blister prevention packs, read their advice sheets, or followed the ‘no new
shoe’ guidelines. This was due to the difficulties in measuring reach and adoption in a decentralised
system and the inability of the research team to have direct contact with the athletes prior to the
competition. In future, fidelity of the foot blister prevention strategy could be checked by researchers
at the start of the tournament when athletes are asked to complete their first HPQ. Secondly, employing

the OSTRC-H questionnaire potentially introduces self-reporting bias.

Conclusion

A high number of medical attention injuries (n=95) occurred at the 2019 17/U & 19/U ANNC. Ankle
sprains are the most frequent medical attention injury in pre-elite netball athletes. This has not changed
over the past 30 years, indicating current injury prevention interventions for ankle sprain are not
effective. The foot blister prevention strategy trialled in this study did not result in a statistically
significant reduction in foot blisters. Ongoing injury prevention work is required to not only reduce the
number of foot blisters but also the overall number of injuries and number of significant injuries such
as ankle sprain, ACL rupture and concussion.
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Practical implications

e Introduction of a foot blister prevention advice sheet and pack did not result in fewer foot
blisters at a six-day netball tournament. Greater attention needs to be focussed on the
implementation process.

e Prevention of ankle sprains, ACL ruptures and concussion must remain a priority in pre-elite
netball athletes.

o We must heed the advice of the IOC and stop our youth athletes from competing or training
when injured or ill.
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Tables

Table 1: Mechanism of injury, classification and onset for each body area

Total (n=)

Mechanism
Accident/other
Catching

Change of direction
Collision

Contested landing
Jumping

Land on another
Non-contested landing
No specific incident
Missing

Classification
New injury
Recurrent injury

Onset
Trauma
Overuse
Other

Lower

Ankle Foot Trunk ¥ leg
24 14 16 8
0 0 1 0
0 0 0 0
2 0 0 0
1 0 0 2
4 0 1 0
1 0 0 1
7 0 0 0
0 0 0 0
5 13 10 5
3 0 3 0
23 14 14 7
1 0 2 1
18 0 1 2
5 9 12 5
1 5 3 1

+ Thoracic and Lumbar spine; #+ Shoulder, Elbow & Forearm

Head &
neck

8

N O O O OB 01 O OO

[e0)

7
0
1

Body area
Wrist, hand

Knee & fingers

9

P O M~ OFPDNPEF OOO

[e0)

7
2
0

5

O OO0 OO OO0 oOoOOo bk

o

Hip & groin

2

O N OO OO O o o o

N

N

Upper
limb #

4

P P OO OONOOO

I

N

Thigh

5

O L OO OO MO o o

ol

=

Total

95

N BN

15

oo

37
10

90

46
38
11
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Chapter 7 Discussion and conclusion

Thesis summary

The primary objective of this sequence of doctoral studies was to apply a holistic strategy to prevent
injuries in pre-elite athletes, using netball as an exemplar sport. To achieve this, we collaborated with
Netball Australia. There are many stakeholders that influence outcomes for pre-elite athletes, and there
are many injury prevention components to consider. Most organisations will already have established
injury prevention strategies; therefore, it is important for these strategies to be considered when
planning for future injury prevention interventions. Netball Australia had already started collecting
injury data at the 17/U & 19/U ANNC, developed the KNEE program and established an ankle taping
policy. Therefore, any interventions must take into consideration the established work within any

organisation.

The major contribution of this work was to demonstrate how the process of injury prevention can only
be achieved when researchers, practitioners, coaches, athletes and administrative staff work
collaboratively. This has been demonstrated in other sports such as Norwegian female handball,” New
Zealand rugby union®*® and Swiss amateur football.*3” We have worked collaboratively with Netball
Australia to establish their pre-elite injury profile and progress the development and implementation of
injury prevention interventions to reduce injury incidence in the pre-elite population. The lessons gained

in this process have influenced the research studies included in this thesis and the thesis discussion.

Firstly, a multidisciplinary approach was used to achieve good quality injury surveillance, aetiology
and mechanisms of injury, as per TRIPP Stages 1 and 2. Across a six-day tournament, 103 injuries were
sustained by 80 athletes. The most frequent injuries were lateral ankle sprain, foot blisters and lumbar
pain. Following the injury surveillance, a thorough systematic review was conducted as part of TRIPP
Stage 3 to inform potential injury prevention intervention strategies. Eleven articles met the inclusion
criteria of a pre-elite population competing in an Olympic or professional sport investigating

interventions for any injury at any body site. There is limited evidence from level 2 and 3 studies
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suggesting exercise and psychology interventions may prevent injury in pre-elite athletes. There were

no studies meeting the criteria of low risk of bias.

These first two studies then directed the approach of the remaining studies. Regular prophylactic ankle
taping was in place for the athletes competing at the 17/U & 19/U ANNC but there was limited recent
evidence supporting this intervention. Discussion with Netball Australia and relevant ethics committees
determined that removing a preventative action to assess efficacy was not ethical, noting it would be
the best scientific approach. Therefore, ankle taping was scientifically evaluated under ‘ideal
conditions’ according to TRIPP Stage 4 to demonstrate that proprioception improves immediately after
application; And that it is maintained throughout a netball session regardless of whether it is applied by

a Sport and Exercise Physiotherapist (SEP) or self-applied.

Concept mapping (CM) was used to fulfill TRIPP Stage 5 to improve implementation of Netball
Australia’s KNEE program. The coaches, physiotherapists, and strength and conditioning coaches
attending the 2019 17/U & 19/U ANNC were consulted to gain a better understanding of the challenges

to implementing the KNEE program. This will help guide implementation strategies in the future.

Finally, TRIPP Stage 6 was applied by assessing the effectiveness of a foot blister prevention strategy
at the 2019 17/U & 19/U ANNC. Additionally, medical attention and self-report injury surveillance

conducted at the 2018 17/U & 19/U ANNC were repeated at the 2019 17/U & 19/U ANNC.

We attempted to apply a generalisable approach to sport injury prevention. However, when working
with established sports such as netball, who have established policy and procedure to prevent injuries,
we had to be flexible with our study design. Working in collaboration with our end user, in this case
Netball Australia, we prioritised the research questions they needed to be answered rather than what the
research community thought should be answered. A strength of this thesis is the diversity of research
methodology used to add value for the target population of netball. This is a parallel thesis rather than

a series thesis to achieve a pragmatic approach to research.
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Focus of thesis

The primary objective of this PhD was to develop and implement a system that will prevent injuries in
pre-elite athletes, using netball as an exemplar sport. To achieve this, we collaborated with Netball
Australia and attempted to apply the TRIPP framework with their pre-elite athletes. We established
injury surveillance methods, reviewed current injury prevention strategies in the pre-elite setting,
created supporting evidence and determined barriers for implementation of current injury prevention
strategies and implemented a foot blister prevention strategy. This work will inform our strategies in

the future for injury prevention in pre-elite athletic populations.

Summary of chapters and their key findings

Chapter 1

Chapter 1 presented background information on athletic development, injuries in pre-elite athletes, the
sport of netball, the importance of injury prevention, types of injury prevention and models of injury
prevention. One model of injury prevention is the six-stage TRIPP framework, which has been
promoted as an approach that leads to real-world injury prevention gains. It has provided the foundation
for the current investigation into injury prevention in pre-elite athletes. Chapter 1 outlines each of the

TRIPP stages and any evidence of these stages being applied in the sport of netball.

Chapter 2
Chapter 2 reports the findings of a prospective study investigating health problems at the 2018 17/U &

19/U Australian National Netball Championships with comparison of two surveillance methodologies.
One hundred and ninety-two athletes were observed, and injuries were recorded using medical attention
and self-report data collection methods. There were 103 medical attention injuries sustained by 80
athletes, resulting in an incidence rate of 89.4 injuries per 1000 player hours. The most frequently
recorded medical attention injury diagnoses across both age groups were lateral ankle ligament sprains
(n=14, 13.6%), foot blisters (=11, 10.7%) and lumbar pain (n=10, 9.7%). Ankle sprains (n=4), anterior

cruciate ligament (ACL) ruptures (n=3) and concussion (n=3) were recorded as the highest sports
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incapacity injuries. Foot blisters (n=2) and foot sprain (n=2) also accounted for multiple incidences of
a sports incapacity injury diagnosis. Of the 103 medical attention injuries, the most frequent
‘mechanism of injury’ was ‘unknown/missing’ (n=32, 31%). The second most frequent was collision
(n=17, 17%). The self-report data collection revealed that 46 (27.2%) athletes arrived at the tournament
with a health problem and there was a significant increase in health problems during the tournament as
there were 57 (39.3%) self-reported health problems at the conclusion of the tournament (RR 1.44
95%CI 1.05-1.99, p=0.030). Finally, combining both the medical attention and self-report health

problem data collection methods identified more health problems than the use of one method alone.

Chapter 3

Chapter 3 reported the outcome of a systematic review on injury prevention strategies specific to pre-
elite athletes competing in Olympic and professional sports. Studies were considered if their included
data was specific to pre-elite athletes (determined by the T3/4 levels of the FTEM model), featured an
injury prevention intervention, provided sufficient data related to injury so the effect could be analysed,
and involved a randomised or non-randomised controlled trial or prospective cohort. Eleven studies
satisfied the inclusion criteria, but none of these demonstrated low risk of bias. Four different types of
intervention were identified: exercise, psychological, equipment and nutrition. There is limited evidence
from level 2 and 3 studies suggesting exercise and psychology interventions may prevent injury in pre-
elite athletes. However, the exercise interventions had high risk of bias, low levels of intervention
reporting and minimal evidence of implementation planning. There continues to be a need for quality
research designs confirming the clinical impact of existing injury prevention interventions for pre-elite

athletes.

Chapter 4

A prophylactic ankle taping policy was in place by Netball Australia, requiring all athletes to tape their
ankles for training and matches but there was limited recent evidence for this intervention. In Chapter
4, ankle taping was scientifically evaluated under ‘ideal conditions’ according to TRIPP Stage 4. An

Active Movement Extent Discrimination Apparatus (AMEDA) was used to assess proprioception
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before and after tape was applied and after a netball session before and after tape was removed. Two
different tape conditions were assessed, applied by a Sport and Exercise Physiotherapist and self-
applied tape. This study found that proprioception improves immediately after application and is
maintained throughout a netball session and that there is no difference between tape conditions.**® Based
on this evidence it appears that the taping procedure increases proprioception and may address the
hypothesised risk for ankle injury. Previous basketball research has demonstrated ankle tape prevents
injury.**140 A barrier to performing research to assess the efficacy of ankle tape to prevent ankle sprain
in pre-elite netball athletes is the need for a control group to not wear tape. Pre-elite athletes would not
be willing to risk spraining their ankles by not wearing tape. Based on previous research,®*4° and our
recent findings, Netball Australia should continue to encourage its pre-elite netball athletes to tape their

ankles.

Chapter 5

TRIPP Stage 5 was applied to improve implementation of Netball Australia’s KNEE program. Concept
mapping was used to consult the State U/17 & U/19 coaches, strength and conditioning coaches, and
physiotherapists as to what they identified as challenges to using the KNEE program. Athlete
engagement, supervision/correction of technique, time constraints, athlete technique, education and
support staff resourcing were deemed to be the most important challenges to address.
Supervision/correction of technique, time constraints, athlete technique, support staff resourcing, and
athlete engagement were identified as the most difficult challenges to overcome. This information will

help guide future implementation planning.

Chapter 6

Injury surveillance was repeated at the 2019 17/U and 19/U ANNC and a foot blister prevention
intervention was implemented. One hundred and ninety-two athletes were observed, and injuries were
recorded using medical attention and self-report data collection methods. A foot blister prevention pack
and advice sheet were provided to each athlete six weeks prior to the 2019 ANNC. There were 95
medical attention injuries reported across 73 athletes over a six-day period at the 2019 ANNC, at an

incidence rate of 82.5 injuries/1000 player competition hours. Ankle sprains (n=16, 16.8%), lumbar
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pain (n=12, 12.6%) and foot blisters (n=8, 8.4%) were the most frequently reported injuries. Thirty per
cent of athletes started the tournament with a self-reported injury/illness. There were eight reported foot
blisters in 2019 compared to 11 in 2018, resulting in an IRR of 1.38 (95% CI: 0.50-3.94, p=0.50). No
foot blisters caused sports incapacity in 2019, compared to two cases of sports incapacity foot blisters

in 2018.

Ankle sprains (n=14) were also the most frequent injury at the 2018 ANNC,** indicating a need for
more targeted injury prevention strategies. There were three fewer foot blisters in 2019 compared to
2018, which was not statistically significant. Foot blister discomfort can impact performance as blisters
can be distracting and result in biomechanical changes.?*%1% They can be easily prevented with correct
footwear and foot hygiene, so this reduction is encouraging but it is not unreasonable to aim for

eradication of foot blisters at future netball tournaments.

Discussion of the key thematic findings of the thesis

The implementation of injury prevention strategies in a pre-elite population is

challenging

Understanding the context of the injury problem supersedes all other injury prevention
requirements.'*>144 Injury prevention in high-performance sport therefore needs to be led by sporting
organisations rather than researchers trying to ‘translate’ their research findings for a sporting
organisation with little regard for its context. The benefit of collaborating with researchers early has
been recognised in a report released by the Australian Government, outlining that businesses
collaborating with research organisations are three times more likely to experience productivity
growth.**® 1t is also recognised that research is more effective if it is driven by industry; hence, the
Australian Government has developed a service to empower businesses to engage with research
organisations.**¢14" Injury surveillance is widely conducted in professional youth football academies
but use of injury data by coaching staff appears to be poor.1*® Coaching staff engagement is essential to
achieve injury prevention in sport.1** If injury prevention was prioritised by sporting organisations
we may see improved coach engagement and, therefore, more meaningful research resulting in effective

implementation of injury prevention strategies. Perhaps the only way to achieve this, as suggested by
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Ekstrand, ™! is to lift the level of importance of health professionals within a sporting organisation
hierarchy — for example, to include a health professional on the board. Baugh et al.**2 have demonstrated
the impact of organisational structure on injury rates, showing that National Collegiate Athletic
Association (NCAA) schools with sports medicine departments financed by and reporting to athletic
departments rather than medical institutions had 31% higher injury incidences. If health professionals
could be more autonomous within a sporting organisation, perhaps injury prevention strategies would

be prioritised and organisationally endorsed, resulting in lower injury rates.

Injury prevention processes such as injury surveillance and implementation methods must be tailored
to the pre-elite athlete. We cannot assume that injury prevention strategies found to be effective in the
community or at elite levels will also be effective for pre-elite athlete groups. Further, pre-elite athletes,
when compared to community-based athletes, are commonly more invested in their development and
self-management but at the same time often have more competing demands, such as school and multiple
teams/sports demands, than elite athletes.**!*> Current pre-elite athletes are predominantly ‘Generation
Z’ athletes (i.e., born between 1996 and 2012) with differing values and priorities. Several surveys have
found that Generation Z are heavily reliant on technology, self-educated and value treating people with
respect, ethical behaviour, fair compensation and transparent communication.'>® Therefore injury
prevention strategies need to be communicated well, participants need to be treated fairly and
technology must be embraced. Because Generation Z athletes have different characteristics and values
to other generations, injury prevention for pre-elite athletes warrants prioritisation by sporting

organisations for specific strategies to be developed for this cohort.

Implementation of an injury prevention strategy requires an organisation to move from its present state
to a desired future state. This is also known as planned organisational change,*** for which many change
management models exist. Yet these models have not been incorporated into any existing injury
prevention frameworks.’> Stouten et al.,’*® after reviewing the literature, proposed ten change
management principles. The first step is to ‘get facts regarding the nature of the problem’, which could
be interpreted as TRIPP Stage 1, and the second step is to ‘assess and address the organisation’s

readiness for change’. A critical part of this step is ensuring senior leadership is ready and capable of
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guiding and implementing change. Without the endorsement and guidance of senior leadership,
implementation of injury prevention strategies will fail.>” The third step consists of implementing an
evidence-based change intervention and the fourth step focusses on developing effective change
leadership throughout the organisation. The fifth step uses multiple communication channels to help
change recipients (i.e., athletes and coaches) understand the reason for change and the sixth step
recommends working with social networks to tap their influence. The seventh step encourages the use
of tools to support implementation such as goal setting and optimising change recipient participation.
The eighth step promotes small-scale change interventions to adjust for local requirements (i.e.,
available resources) and the ninth step assesses change progress over time. The final principle proposed
by Stouten et al.'*® is ‘institutionalise the change to sustain its effectiveness’. This means integrating
the change into the larger systems of the organisation, including its culture and management systems.
A key requirement for this to occur is having a committed board that can help make change sustainable
by providing critical resources as needed and by recruiting senior management who will ensure the
continuity of change.® Without incorporating change management principles into injury prevention

strategy implementation, we will not see a reduction in injury rates.

Australia’s federated structure also poses a challenge for implementing injury prevention strategies for
pre-elite athletes.’ For example, Netball Australia has eight state and territory member organisations.
These state and territory member organisations provide support and services for all pre-elite athletes.
Therefore, to implement injury prevention strategies for Australian pre-elite netball athletes, change
management needs to occur across nine different organisations. This requires not only strong leadership
but also excellent communication skills, coordination and commitment by all organisations. The
federated structure creates layers of administration and management resulting in duplication of
processes and inefficiencies.’®® A sports injury prevention framework, incorporating change
management principles, developed in consultation and agreed upon by all member organisations could

help address the challenges created by a federated structure.
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Prevention frameworks are sequential and do not consider measures in place already.
This should be considered when attempting to apply the TRIPP framework in a pre-elite
population with established prevention programs in place.

The TRIPP framework focuses on translating research into prevention practice in a sequential manner
but it may be necessary to rethink this approach, particularly when working in high-performance sport.
Although all steps of the TRIPP framework are essential for injury prevention, it is not always practical
and/or feasible to use this sequential format in the high-performance sport setting. This is evident
throughout this thesis. The first task when researchers and high-performance sporting organisations
collaborate is to understand the context, 4> including what injury prevention strategies are currently
in place in the sport, how the injury prevention strategies are assessed, how well the strategies are being
adopted and the level of evidence supporting their use. With this additional information, researchers
and high-performance staff can collaborate in a continual improvement process. The TRIPP steps can
be used as a guide for planning meaningful injury prevention projects to improve upon what exists or
remove existing ineffective strategies rather than needlessly initiating the TRIPP framework in a
sequential manner. Importantly, any researcher attempting to undertake the TRIPP process without first
understanding what measures, policy and processes are already in place is unlikely to be effective when

working with sporting organisations.

Given the ever-changing nature of high-performance sport, a contingency approach often needs to be
adopted where different situations require different methods of management. An example of this is how
the TRIPP framework was used to support the collaboration with Netball Australia. Firstly, efficacy
trials were not completed, and injury surveillance had not been implemented before introducing the
KNEE program to the netball community. This limits Netball Australia’s ability to measure
effectiveness of the KNEE program, which can then negatively impact ongoing adoption and
implementation of the program as well as jeopardising ongoing funding for the program. In response,
injury surveillance was conducted™ (i.e., TRIPP Stages 1 and 2), identifying ankle and knee injuries
as the most frequent. Netball Australia’s staff, using research evidence and clinical experience, had
already developed a prevention program for knee and ankle injuries, so the next logical progression was
to apply TRIPP Stage 5 using concept mapping to investigate the challenges to implementing the KNEE
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program.’®2 The next stage would be to review the KNEE program by revisiting TRIPP Stage 3 to
address the challenges to implementation and then reapply TRIPP Stage 5, using Intervention Mapping
(Step 5) to plan implementation. Finally, the injury surveillance (TRIPP Stage 6) would be repeated to
test effectiveness in a real-world setting. Our investigation demonstrates that the TRIPP framework is
useful but not in its intended sequential manner when working in a high-performance environment with

existing programs.

An additional challenge for using this framework is that it is time-consuming to complete all six stages,
possibly taking considerable time (multiple seasons) to complete. TRIPP Stages 1 and 2 involved a
three-month process to prepare for data collection, collect data and analyse data.!** TRIPP Stage 3 was
a two-month process of searching, screening and extracting data from the literature®* and this was only
Step 1 of a six-step intervention development process.®” TRIPP Stage 4 was a two-month process for
planning, executing and analysing the results of a randomised controlled trial.*® In this stage we sought
to understand the mechanism by which ankle tape prevents ankle sprain. Previous studies have shown
efficacy of taping/bracing in other populations, but this has not been assessed specifically in pre-elite
netball. TRIPP Stage 5 was a two-month process for planning, administering and analysing the concept
mapping data to determine the barriers to implementing the KNEE program.®2 This only partly fulfilled
Stage 5; using IM (Step 5) to plan implementation would have involved an additional time cost. Finally,
TRIPP Stage 6 incorporated an additional three-month process to prepare the intervention, prepare for
data collection, collect data and analyse data. In total, completing all of the TRIPP stages was a 12-
month process of planning, enacting and analysing in a full-time capacity. In reality, it was an even
longer process due to the negotiations required with key stakeholders for when each stage could be
conducted and waiting for those opportunities to arise. Currently, within Australian National Sporting
Organisations (NSOs), including Netball Australia, there are no dedicated personnel employed in a full-
time capacity to oversee and manage the processes outlined above. Further, high-performance sport is
known for its high staff turnover®®® and it is therefore difficult to maintain the momentum and direction
of injury prevention strategies with lengthy timeframes. Additionally, delays and changes in staff can

also result in initial data collection not reflecting current injury profiles. This reinforces the need for
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sporting organisation executives to set a culture and legacy of injury prevention. This could be achieved
by embedding injury prevention strategies into policy and strategic plans and employing researchers
with a multi-disciplinary and clinical focus within high-performance sport for sustained injury

prevention success.%4

TRIPP Stage 1 (Injury surveillance)
Reflections and learnings from applying TRIPP Stage 1 in the field

TRIPP Step 1 requires accurate injury data collection to allow comparison between injury surveillance
programmes. This requires consistent injury definition and recording methodology be used.*® The
Orchard Sports Injury Classification System (OSICS)! was developed in 1992 and has been
consistently updated, with the most recent version (13.5) released in July 2021. It is a commonly used
system that has been shown to result in high levels of agreement among data recorders.'®® However,
more than a reliable classification system is required for accurate data collection. Wik et al.*®" identified
that research-invested clinicians reported 8.8 times greater injury incidence of non-time-loss injuries
than their colleagues not involved in research. At the commencement of this thesis, netball had
implemented a paper-based medical attention surveillance system, but it was unclear whether these data
had been analysed and reported. All clinicians entering the data were primarily engaged to provide
physiotherapy services to their state teams and, therefore, were likely not engaged in the surveillance
system. Extrapolating from Wik et al., it is likely that injuries were under-reported prior to the study

reported in Chapter 2 of this thesis.!**

Another area for improvement of TRIPP Stage 1 is expanding ‘injury surveillance’ to ‘injury
surveillance and its context’, as presented by Bolling et al.1*® They argue that because of the complexity
of sports injury, context needs to be determined from the outset; otherwise, context-free preventative
solutions will be developed. Environmental, sociocultural and individual contextual aspects such as
beliefs, attitudes, culture, social structures, governance, policy and budget should be identified when
describing the sports injury problem. Verhagen et al.1** also stress the importance of understanding
context when describing Step 1 of their Knowledge Transfer Scheme (KTS). The first KTS step,

labelled ‘Problem statement’, includes not only a description of a health problem but also a description
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of the health problem’s impact on the community and its specific behavioural and environmental causes.
If additional contextual information is sought at the time of injury surveillance, injury prevention

initiatives could be more effective.

Most academic sport injury prevention models*34>168 assume there are no existing prevention strategies
in the target population, but this would be rare in high-performance sport. O’Brien et al.®® proposed the
Team-sport Injury Prevention (TIP) cycle, stating that sport practitioners require a model that is directly
applicable to their team’s specific context. Their first phase of ‘evaluation’ includes not only an
assessment of current injury prevalence but also injury prevention strategies in situ. This is part of
understanding context, as recommended by Bolling et al.1*3 and Verhagen et al.1* This was undertaken
during the initial strategising scope of studies with Netball Australia. We learnt that injury surveillance
had been attempted at the 2017 17/U and 19/U ANNC, an ankle taping policy was in place and the

KNEE program had been implemented.

Netball specific injury surveillance (TRIPP Stage 1)

Injury rates at the 2018 17/U & 19/U ANNC were high, with an incidence rate of 89.4/1000 player
hours.™* We found that across a six-day tournament ankle sprains (n=14), foot blisters (n=11) and
lumbar pain (n=10) were the most frequently recorded medical attention injuries.*** Ankle sprain (n=4),
ACL rupture (n=3) and concussion (n=3) were the highest sports incapacity injuries, followed by foot
blisters (n=2) and foot sprain (n=2).}** Ankle sprains and knee injuries have consistently had the highest
incidence rate in netball over the past 25 years.5¢-%8131 However, of the 46 studies identified in a recent
netball injury surveillance systematic review,> only three studies!!*1>128 have specifically reported
concussion rates and three studies®>°®14 reported foot blister rates, which does not provide us with an

accurate understanding of netball injuries.

Concussion incidence in netball appears to have increased over the past 20 years. In 1998, Finch et al.**®
reported a frequency of just 1.6% (n=4) over two consecutive five-month seasons. In 2014, there was
one concussion recorded from 154 netball injuries presenting to an emergency department within a two-
year period.1?8 Finch et al.1?® reported an 8% annual increase in concussion sustained by netball athletes

from 2002-03 to 2010-11. One possible explanation of this increase in concussions is potentially
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multifactorial in nature. Historically, concussions have not been recognised and formally diagnosed.
Another potential explanation is that there are now more collisions occurring in netball, 33 resulting

in more concussions.

Foot blisters have not been frequently reported in the netball literature. However, in 1983 Hopper®®
recorded 45 foot blisters across a 14-week season for 3108 netball athletes, translating into 1.4% of
athletes sustaining a foot blister. A similar frequency of 2% (n=2) was reported from a three-day netball
tournament in 1995.%8 Foot blisters can severely impair function and concentration,**142 and future
netball injury surveillance initiatives should ensure foot blisters are recorded to obtain an accurate
netball injury profile. The type of playing surface, sock, shoe and training load should also be recorded

to enhance our aetiological knowledge.

Two injury surveillance methods were implemented and compared at the 2018 17/U & 19/U ANNC.
The HPQ identified 26 injuries/illnesses that were not recorded in the Athlete Management System
(AMS), 12 of which were overuse injuries and ten illnesses. Conversely, the AMS recorded 33 injuries
not identified in HPQ. This demonstrates that using multiple injury surveillance tools results in more
accurate data collection. It also confirms the usefulness of the HPQ to capture overuse injuries and
ilinesses and is not reliant on a health professional to capture data. It is also possible that self-report
data can capture injuries when athletes fail to report their injury to a health professional due to pressure
from coaches, parents, and peers.2° The HPQ can be used for injury surveillance in many development

athlete settings where surveillance may have been previously considered not possible.

The HPQ also provides us with additional information about extent of symptoms, impact on
training/competition and affect on performance.'® It’s important to recognise that athlete responses
may not be a true indication of injury, rather a reflection of the athlete’s coping skills. It is possible for
an athlete to use injury as an excuse for poor performance or as a coping mechanism to manage the
stress of high-performance sport.}’®'"* To gain an accurate understanding of self-report injury
surveillance, perhaps a questionnaire such as the Athletic Coping Skills Inventory!™ can be employed

and interpreted by a psychologist.
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TRIPP Stage 2 (Establish aetiology and mechanisms of injury)

Reflections and learnings from applying TRIPP Stage 2 in the field

Our findings revealed the importance of recording aetiology and mechanism of injury to help guide
future injury prevention interventions. Additional injury/athlete characteristics such as previous injury,
sex, age, height, weight, dominant limb, level of competition, tournament or in-season, match or
training, time of year, playing position, position on court, time of injury, menstrual cycle information
etc. can provide valuable information when developing injury prevention strategies. A challenge for
collecting these data is that it is more time consuming for the clinician to record and often the required
information is unknown at the time of data entry.*’? Therefore, it is not uncommon to have a high level
of missing data or non-descriptive data (i.e., ‘other’), as demonstrated in our study!* and other
studies.>>®8 If clinicians — or, better, researcher/clinician partnerships — were more invested in research
outcomes, more accurate aetiological and mechanism of injury data might be obtained. Similarly, these
results could be enhanced if epidemiology were included in undergraduate and postgraduate clinician
education and recording of this information was mandated in policy, job descriptions or funding

agreements.

The literature suggests there is an association between hormonal fluctuations during a menstrual cycle
and ACL injury.r”™ There is also evidence for Relative Energy Deficiency in Sport (RED-S) causing
impairment of menstrual function, bone health and immunity.*’* To improve our understanding of these
physiological functions, there is a need to continue to collect these data.'” However, despite the
evidence for collecting menstrual cycle information, team physiotherapists did not record this
information for over half of the injuries sustained at the 2018 17/U & 19/U ANNC (Chapter 2). This
was a missed opportunity to identify and manage athletes who may be experiencing RED-S and to gain

a better understanding of the degree of association between hormone levels and ligament injury.

Netball specific mechanisms of injury and aetiology (TRIPP Stage 2)
We found that new injuries occurred nine times more frequently than recurrent injuries.** Langeveld
et al. also reported new injuries to be more frequent.’” This finding suggests that either tertiary

prevention has been effective for preventing injuries from recurring in this pre-elite population or there
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has been previous under-reporting of injuries in this pre-elite population. Regardless, it indicates a need

for a greater focus on primary prevention to prevent new injuries from occurring.

Collisions and landings have consistently been the most frequent mechanisms of injury in netball over
the past 30 years. The second most frequent mechanism of injury after ‘unknown/missing’ at the 2018
17/U & 19/U ANNC was ‘collision’.*** Hume and Steele®® also found collision to be the second most
frequent mechanism of injury behind ‘other’. This is problematic and improving collection of
mechanism of injury data needs to become a priority in future surveillance studies. This can be resolved
by data collectors being involved in the research team and by reviewing video footage for accurate
injury analysis. Collision was the third-highest mechanism of injury at the 1988 Australian netball
championships and ‘incorrect landing’ was the most frequent,>® whereas ‘contested landing’ was the
fifth most frequent mechanism of injury at the 2018 17/U & 19/U ANNC!* and fourth most frequent
mechanism of injury at the 1995 New South Wales State Netball Championships.*® ‘Incorrect landing’
was less frequent than “collision” in 2018 compared to 1988, suggesting coaching of landing technique
may have improved over the past 30 years and perhaps that more attention should be given to reducing

the number of collisions.

TRIPP Stage 3 (Develop preventive measures)

Reflections and learnings from applying TRIPP Stage 3 in the field

Developing an injury prevention strategy relies on a combination of scientific evidence, practitioner
expertise and end-user values. Donaldson et al.®” proposed the six-step IDP to fulfil the requirements of
Stage 3 of the TRIPP*® and van Mechelen’s ‘sequence of prevention’ model.*? There is limited evidence
of organisations applying this process for injury prevention development.®”1® It was first applied within
community Australian football to develop FootyFirst, a lower-limb injury prevention exercise training
program.®” Subsequently the IDP has been used to plan for intervention development in youth handball
but has not yet been implemented.’® We completed Step 1 of the six-step process (i.e., use the research
evidence and clinical experience) by undertaking a systematic review® but could not complete the six-
step process due to time constraints. The IDP is a systematic and pragmatic guide but requires a

significant time commitment, as demonstrated by the 14 months required to develop FootyFirst.®” The

119



‘Intervene’ stage of the TIP cycle'® is less time-consuming as it consists of three steps, as follows:
obtain administrative support,'’” engage key partners to design a strategy’® and, finally, plan for
implementation in a timely manner.'®® Perhaps the ‘Intervene’ process is a more realistic and practical

fit than the IDP for developing an effective and timely intervention in high-performance sport.

Netball specific development of preventive measure (TRIPP Stage 3)

Several netball-specific exercise injury prevention interventions have been developed, such as ‘Down
to Earth’,'”® the KNEE program,’®® ‘Knees up’®® and ‘Netball Smart’.’8! The ‘Knees up’ program,
developed in 1995 by Sports Medicine Australia, provides advice on netball injury prevention and
management.® The ‘Netball Smart’ program was developed in 2004 by New Zealand’s Accident
Compensation Corporation (ACC) and Netball New Zealand based on ‘SportSmart’, a 10-point action
plan for sports injury prevention developed by the ACC.'82 The ‘Down to Earth’ program was developed
in 2006 by researchers at the School of Human Movement and Sport Sciences, University of Ballarat.'"
It was based on the best available research at the time, specifically adapted for netball from sports such
as basketball, soccer and European handball. The KNEE program was developed in 2015 by Netball
Australia using the principles of existing injury prevention programs.*® There is no published evidence
describing how these programs were developed but we must acknowledge that implementation science

was still in its infancy within sports injury prevention when these programs were developed.

Step 1 of the IDP process undertaken in this thesis was completed by conducting a systematic review
of injury prevention strategies specifically trialled with pre-elite athletes. Limited evidence from level
2 and 3 studies was identified, suggesting exercise®®18 and psychological*®!®! interventions may assist
in preventing injury within the pre-elite athlete cohort. It is noteworthy that netball did not feature in
any of the included studies. The other types of interventions included in the systematic review were
equipment?® and nutrition®®® strategies. All published netball injury prevention strategies to date have
focused on exercise interventions, but these have not been trialled in the pre-elite population. There
would be value in assessing these interventions in subsequent pre-elite populations in addition to
considering other types of intervention, such as psychological support or policy change as demonstrated

within 13-14-year-old ice hockey leagues,'®* New Zealand Rugby**® and baseball 1%
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TRIPP Stage 4 (‘Ideal conditions’/scientific evaluation)

Reflections and learnings from applying TRIPP Stage 4 in the field

Randomised controlled trials are the foundation of evidence-based practice.’®® Unfortunately, there are
very few randomised controlled trials inclusive of high-performance athletes.?®’ It is often difficult to
access elite sporting populations'®* as the experimental-control requirements will often interfere with
typical training and competitive preparations and the chance of not receiving the experimental
intervention is at odds with the high-performance mind set of ‘searching for the winning edge’.t%
Additionally, it is critical that researchers take into consideration the current safety/injury culture of the
sport,*319% which means athletes, coaches and support staff are not unduly concerned about athlete safety
and welfare if participating in research. Most high-performance sports already have injury prevention
strategies in place. Therefore, perhaps TRIPP Stage 4 needs to focus on developing evidence for a
strategy, not just on proving efficacy because it is unethical to remove a prevention strategy that has
already been implemented. Another consideration is the sample size in high-performance sport because
of the small number of high-performance athletes when compared to the community. Nevertheless,
despite the difficulty in obtaining significant results leading to generalisable inference, research in high-
performance sport can result in improved decision making for the sport. Recommendations have been
made for statistical techniques which can improve insights from suboptimal sample sizes.'*® Perhaps in
high-performance sport, injury prevention strategies need to be developed based on context and existing
evidence.* It may be more realistic to evaluate effectiveness of injury prevention strategies in the real-
world using a cohort study rather than attempting to assess efficacy in a more controlled environment

which requires the need of a control group.

Research utilising approaches other than randomised controlled trials, such as a recent observational
study?® and nonrandomised intervention study,? has demonstrated how partnerships between
researchers and high-performance sport can be mutually beneficial, supporting both high-performance
outcomes and improved professional practice.!® Research in high-performance sport must remain
relevant for those at the ‘coal-face’?? and must maintain rigour to ensure studies are not poorly

interpreted or misleading.?® To conduct sound scientific evaluation, it is important to monitor potential
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athlete recruitment bias, the compliance and fidelity of the intervention, drop-out rates and adverse
effects of the intervention. Establishing efficacy of an injury prevention strategy remains critical for the

injury prevention implementation process.*®

Netball specific scientific evaluation of injury prevention strategies (TRIPP Stage 4)

We found proprioception improves and is maintained during a netball session with either SEP or self-
applied taping.'*®® There have been limited scientific evaluations of injury prevention strategies in the
sport of netball. Two biomechanical studies have examined the effect of an ankle brace or tape on lower
limb electromyographic, kinematic and kinetic variables during a netball-specific landing task.204205
Another study reported an improvement in lower-limb biomechanics when 11-13-year-old netballers
underwent neuromuscular training.?%® Additional research studies have been conducted within netball
to investigate the effect of specific training on performance but not on injury prevention.?’-2%° Given
netball’s injury profile has not changed over the past 20 years,%®'4 it is a concern that limited research

has been conducted to support the efficacy of enduring netball-specific injury prevention strategies.

TRIPP Stage 5 (Describe intervention context to inform implementation strategies)
Reflections and learnings from applying TRIPP Stage 5 in the field

Implementation science is an emerging area within sports medicine. Applying implementation science
within sports injury prevention was first described in 2006.%® It is widely accepted that it takes an
estimated average of 17 years for research evidence to reach clinical practice;?%2!2 perhaps the same
will hold true for implementation science to become more mainstream within injury prevention
initiatives. The body of knowledge in sports medicine implementation is growing’67°8384213 hyt utilising
implementation science would not yet be regarded as common practice,’®% even though international
sporting federations highly value this type of research.®” Several tools can be utilised to help fulfill
TRIPP Stage 5, such as RE-AIM SSM (Sports Setting Matrix),”® concept mapping,®212 intervention
mapping Step 5 and the knowledge and attitudes questionnaire.”* These tools can be used to either
help plan implementation or evaluate implementation of already established injury prevention
strategies. The challenge is to select the most appropriate tool for the setting in which the strategy has

been applied.
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Coach education has been recognised as an effective implementation strategy for achieving high
compliance rates for injury prevention initiatives. In a South African rugby study, it was demonstrated
that coach education was critical for improving athlete injury prevention behaviours.?# In netball and
soccer, coach education has also been shown to change the way coaches coach and a vehicle for
indirectly educating athletes.®>% The principles of injury prevention need be included in all coaching

accreditation courses for implementation of injury prevention strategies to be successful.

All socioecological levels of an organisation need to be involved and committed to implementation
planning for an injury prevention strategy to be effective.’®?> Coaching staff alone cannot deliver a
successful program, as they rely on the athletes to attend training, execute the program with fidelity and
integrate the program into their other training sessions. The coach needs to be supported by managers
and the executive above them to ensure they receive the necessary training and education as well as
resources and support materials that are regularly reviewed and updated. Often national and State
Sporting Organisation (SSO) executive endorsement is critical for adoption, implementation and
maintenance of an injury prevention strategy.”®?!® For greater implementation success, TRIPP Stage 5

should emphasise the importance of involving all socioecological levels of operation within sport.

Netball specific implementation planning (TRIPP Stage 5)

Concept mapping was used to help improve the implementation of the KNEE program.!%2 Netball
Australia implemented the KNEE program in 2015 but high lower-limb injury rates were still a feature
of the 2018 17/U & 19/U ANNC.* Using concept mapping, the following challenges were determined
to be the most important and difficult to overcome when implementing the KNEE program in pre-elite
netball: ‘athlete engagement’, ‘supervision and correction of technique’, ‘time constraints’, athlete
technique’, ‘education’ and ‘support staff resourcing’. With this new knowledge, intervention mapping
Step 5 can now be used to improve implementation by effectively attending to each of these recognised

barriers.

Five netball injury prevention implementation studies have been identified within the literature.892%
Areas for improvement include program modifications,® coach education,®% emphasis placed on

injury prevention benefits to achieve attitudinal change, and the involvement of significant others and
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role models to promote injury prevention programs.®® Additionally, coach and player attitudes to injury
need further investigation, as a high prevalence of players playing-on despite being injured was
identified.® These studies provide valuable insight for improving implementation of current netball

injury prevention strategies and inform future implementation planning.

TRIPP Stage 6 (Evaluate effectiveness of preventive measures to implementation context)
Reflections and learnings from applying TRIPP Stage 6 in the field

This stage involves implementing an intervention in a real-world context and evaluating its
effectiveness. While ankle sprains and ACL ruptures are recognised as the most frequent sports
incapacity injuries within pre-elite netball athletes,''* a joint decision with Netball Australia was made
to implement a foot blister prevention strategy at the 2019 17/U & 19/U ANNC. This decision was due
in part to Netball Australia’s KNEE program being already implemented to reduce lower limb
injuries.'® Barriers to implementation of the KNEE program were identified in Chapter 5;%%2 however,
there was insufficient time to address these barriers and then assess the effectiveness of the KNEE
program at the 2019 17/U & 19/U ANNC. Instead, a proven foot blister prevention strategy was

implemented as blisters can be easily prevented with correct footwear and foot hygiene.*201%

We repeated the 2018 17/U & 19/U ANNC medical attention and self-report injury surveillance in 2019
(Chapter 6). Netball Australia initiated injury surveillance at the 2017 17/U & 19/U ANNC, asking
team physiotherapists to complete paper forms for every injury their athletes sustained. Team
physiotherapists were required to complete this task in addition to maintaining their own injury records.
In 2018, injury surveillance was advanced by introducing electronic injury records for the team
physiotherapists to reduce their workload and simplify analysis.** Additionally, athlete self-report
injury/illness data were collected to compare injury surveillance methods and potentially improve
accuracy of data collection.!** In 2019, team physiotherapists and athletes were provided with 2018
results and were asked to repeat the same injury surveillance. The athlete response rate improved to
above 70% across all four health problem questionnaires in 2019, compared to 2018 when the response
rate was below 50% for the two post-tournament health problem questionnaires. There were also fewer

missing data for medical attention injuries; for example, in 2018, 32 (31%) injury records did not
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include mechanism of injury data, which decreased to 10 (11%) incomplete injury records in 2019. This
improved HPQ response rate and medical attention data collection was possibly due to athletes and
physiotherapists being more familiar with the AMS in 2019 and results from 2018 had been shared
which possibly provided more context. Also, coaches and high performance managers actively endorsed
the research in 2019 compared to 2018. Establishing quality injury surveillance takes time and
commitment by all when working within high-performance sport, where surveillance is an ongoing
process enduring beyond any research project timeframes. Injury surveillance needs to be a continuous,
evolving process, rather than just the first and last step of the TRIPP framework. It is advocated that

prevention frameworks should be updated to reflect this ongoing need for the organisations involved.

Netball specific evaluation of effectiveness of injury prevention strategy

One previous netball study has examined the effectiveness of an injury prevention strategy in the ‘real
world’.®® Elphinston and Hardman® provide a realistic view of implementing an injury prevention
strategy for an international netball team. Using a multidisciplinary team (i.e., coach, physiologist,
physiotherapist and a strength and conditioning coach), multiple injury prevention strategies were
implemented including: 1) multidisciplinary athlete profiling, 2) athlete performance self-assessments,
3) functional stability program, 4) strength and conditioning programs, 5) individual prophylactic
programs, 6) regular multidisciplinary meetings and 7) a Head Physiotherapist being appointed to the
program. Injury incidence rates and statistical analysis were not reported, making it difficult to ascertain
the relative effectiveness of this approach. Nevertheless, this case study provided a realistic example of
the high-performance sport environment in an operational and multidisciplinary sense, illustrating the

need for researchers to adapt their approach in order to contribute to injury prevention.

Foot blisters are a common occurrence in netball but there is no evidence of foot blister prevention
strategy implementation within the netball population. Of the many netball injury surveillance studies,>
only two have reported foot blister injury rates, once in 1986 and then again in 2000.% In 2018, foot
blisters continued to be problematic at the 17/U & 19/U ANNC, causing player discomfort and resulting
in sports incapacity for two athletes.'** We found implementation of a foot blister pack and advice sheet

reduced the number of sports incapacity foot blisters from two in 2018 to zero in 2019 and all foot
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blisters from eleven at the 2018 17/U & 19/U ANNC to eight at the 2019 17/U & 19/U ANNC, but this
was not statistically significant. This strategy could be improved by involving the team physiotherapists
in the research project earlier to increase their engagement and highlight the important role they play in
educating athletes about foot blister prevention. Given foot blisters have been an issue for netball
athletes for over 35 years and can lead to sports incapacity, and should be easily prevented, it is

recommended that foot blister prevention continue to be prioritised.

Thesis strengths

This thesis has applied all stages of the TRIPP framework within a sport, which has not been previously
demonstrated within the relevant literature. A feature and strength of this body of work is its significant
breadth of mixed methodological approaches, including observational studies, a systematic review,

randomised controlled trial, concept mapping and an interventional cohort study.

In both observational cohort studies'** (and Chapter 6) we applied the STROBE statement’? to ensure
high-quality reporting. The OSICS!? was used for coding injury diagnosis and the IDCF!?* guided our
definitions of clinical examination and sports incapacity injuries. A valid and reliable questionnaire, the
Oslo Sports Trauma Research Centre (OSTRC) Health Problems Questionnaire (HPQ),° was also
utilised to collect athlete self-report data. Adopting these measures has resulted in two valid and
effective injury surveillance studies of pre-elite netball athletes. While published after the studies were
completed, our overall approach and methods align to the recommendations within the IOC’s statement

on methods for recording and reporting epidemiological data on injury and illness in sport.*’

The systematic review!® protocol was registered on the International Prospective Register of
Systematic Reviews (PROSPERO) (http://www.crd.york.ac.uk/PROSPERO) and the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines?® were followed.
Covidence systematic review software (http://www.covidence.org) was employed to ensure accurate
article screening and data extraction. The FTEM framework® was used to classify athlete developmental
level and the Oxford Centre of Evidence-based Medicine (OCEBM) Levels of Evidence?!” was used to

determine the hierarchical levels of evidence. To establish transparency of evidence, risk of bias was
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assessed using Cochrane Collaboration’s tool for assessing the risk of bias in randomised trials.'® These
provisions resulted in a high-quality systematic review identifying level 2 and 3 studies suggesting

exercise and psychology interventions may prevent injury in pre-elite athletes.

We produced level 1 evidence by conducting a randomised controlled trial,**®® demonstrating
proprioception improves and is maintained during a netball session with either SEP or self-applied ankle
tape. We used the AMEDA, which has been shown to be a valid?#2%° and reliable instrument, to test
proprioception.?®® To mitigate a learning effect which has been previously reported,?2°22t we
randomised the order of tape condition. Double-blinding of our participants would reduce risk of bias;
however, because of the nature of the applied intervention (participants clearly knew if they were
strapped and who strapped them) we were unable to employ this strategy. Advanced statistical analysis
was utilised, such as a mixed effects generalised linear model to test the effect of the taping condition
on proprioception over time and a three-way interaction model to assess learning effect. Employing

these strategies minimised risk of bias, resulting in a trustworthy study design.

We used concept mapping, which is a real-world pragmatic consultative method to understand the
barriers to implementing Netball Australia’s KNEE program by creating and organising the ideas of
our netball coaches, physiotherapists, and strength and conditioning coaches.'®? Analysis of 69 concept
mapping studies revealed strong internal representational validity and very strong sorting and rating
reliability for this type of research.??> We also succeeded in recruiting and retaining a high percentage
of invited participants, with 39 of 47 (83%) contributing CM data, thus providing good representation

of pre-elite netball coaching and support staff.

Another strength of this body of work is that it focused on the pre-elite population, whose vulnerability
to injury, due to a range of risk factors is well recognised. To ensure efficacy and effectiveness, injury
prevention strategies must be specific to their target population. Because the pre-elite stage of an
athlete’s development is critical to their overall athletic development and a critical precedent to future

high-performance, we targeted this population.
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Finally, we demonstrated how effective organisational collaboration and linkage (i.e., University of
Canberra, Australian Institute of Sport and Netball Australia) is conducive to meaningful and impactful
research with mutual and system level benefit. The Australian Institute of Sport and University of
Canberra recognised the need to develop knowledge around injury/illness prevention in pre-elite
athletes and Netball Australia prioritised injury/illness prevention for their pre-elite athletes. This
collaboration was effective because the research organisations were guided by Netball Australia’s

research needs.

Thesis limitations

We attempted to apply the entire TRIPP framework with Netball Australia’s pre-elite athletes who had
already adopted some injury prevention strategies. This resulted in a wide range of studies but a
reduction in depth. Additionally, the timing of the 17/U & 19/U ANNC and national camps also dictated
what could be accomplished within those time constraints. And as previously discussed, the concept
mapping project could have been improved by the inclusion of athletes. Further, our understanding of
the foot blister intervention would have been enhanced by collecting fidelity data. Also, adding an

additional AMEDA training session prior to data collection may have reduced the initial learning effect.

We did not follow a specific implementation framework when implementing our foot blister prevention
strategy at the 2019 17/U & 19/U ANNC. However, the strategy itself was a proven intervention that
has been utilised for many years within the Australian Institute of Sport’s Medical Department.
Pragmatically, we did not undertake formal implementation planning due to time constraints prior to
the commencement of the 2019 17/U & 19/U ANNC. This is not optimal for effective implementation
of an injury prevention strategy; however, based on clinical experience and evidence we proceeded with
the intervention to determine the effectiveness of an existing tool as a separate question to the
development and implementation of a tool. If a framework such as REAIM was used, team
physiotherapists, athletes and coaches would have been engaged earlier and invested in the strategy,

possibly leading to greater compliance.
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Directions for further research

Through the course of this research, we have established annual injury surveillance tools and processes
at the 17/U & 19/U ANNC. Further research opportunities include ongoing injury surveillance at these

championships, where injury surveillance can be further developed and refined.

Barriers to implementation of the KNEE program have been identified by coaches and support staff
within this body of work. Further research is required to tap into and understand the perspectives of the
athlete in implementing this program and identify potential barriers to compliance and effective
implementation. It is recommended that IM (Step 5) then be applied to address these barriers and inform

and support effective implementation planning.

There were three concussions reported at the 2018 17/U & 19/U ANNC and five concussions at the
2019 17/U & 19/U ANNC. We have not addressed this issue within this thesis but preventing
concussion should be prioritised in future research endeavours as it is an injury that results in sports
incapacity and may contribute to long-term sequelae. Historically these injuries have not routinely been
included in netball injury surveillance studies. Future surveillance studies and systems should include

concussion within their data capture.

Lumbar pain was the second most frequent medical attention injury at the 2018 (n=10) and 2019 (n=12)
17/U & 19/U ANNC. There is no evidence for a specific prevention strategy for lumbar pain in pre-
elite netball athletes, however a functional stability program for an international netball squad has been
shown to reduce the incidence of lumbar pain.®® With Lumbar pain being such a frequent injury in this

population, a prevention strategy should be developed and implemented.

One study has previously reported the effect of research-invested clinicians on quality of injury data
collection. This can potentially have a significant impact on research outcomes and therefore warrants
further research into potential factors that influence clinician data collection behaviours, such as

education, experience and the job descriptions within the sports medicine support roles.

Injury has been found to be a major contributing factor to pre-elite athlete dropout.® Further research
should be implemented with a focus on this vulnerable population to further ascertain the extent of this
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issue. This should be of primary importance for sporting organisations at all levels to better support

sustainable pathways to high performance into the future.

Conclusion

The aim of this thesis was to develop a holistic strategy to reduce the burden of injuries in pre-elite
athletes, using netball as an exemplar sport. To achieve this, we applied the TRIPP framework to a pre-
elite netball athlete population using a mixed-methods approach employing established approaches and

protocols.

This thesis reconfirmed that ankle sprains are the most frequent injury and ACL ruptures the most
severe injury sustained by pre-elite netball athletes. A novel finding was that concussions are a relatively
frequent sports incapacity injury in this sport. Our findings support the ongoing need for injury
surveillance and the need for injury prevention strategies for pre-elite netball athletes to continue to
focus on the most frequent and incapacitating injuries: ankle sprain, lumbar pain, ACL rupture,

concussion, and foot blisters.

The practical application of this body of work revealed the importance of researchers working with
sporting organisations that oversee talent pathways (i.e., State Sporting Organisations and their partner
National Sporting Organisations). Without the collaboration between the Australian Institute of Sport,
University of Canberra, Netball Australia and its State member organisations, this research would not
have been possible. A flexible contingency approach towards injury prevention assists organisations to
improve existing practices rather than following a sports injury prevention framework like a recipe.
Although the TRIPP framework is intended to be followed in a sequential order, a learning from this
thesis is that it cannot be applied in such a manner without significant challenges to relationships. For
example, Netball Australia had already invested a lot of time and resources into developing and
implementing the KNEE program. Instead of developing a new program, we worked with Netball
Australia to learn how implementation of the KNEE program could be improved. While all steps of the
TRIPP framework are essential for injury prevention, the outcomes of this thesis, beyond its individual

studies, indicate they should be used as a guide to continual improvement of what the sport has already
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implemented. In doing so, researchers embedded within sport can add value to the organisation

processes, reducing the need for translation of findings at the end of the process.

Injury prevention processes such as injury surveillance and implementation methods must be tailored
to the pre-elite athlete. These processes must be cognisant of the resources available to the organisation.
Coaches, physiotherapists, and strength and conditioning coaches are pivotal for injury prevention
success, but at the pre-elite level they are not available to the same extent as at the elite level due to
resourcing constraints. Sporting organisations wishing to improve injury rates should be aware of the
practical barriers to implementing any systems or programs. For this to occur, injury prevention must
be prioritised by sporting organisations and be reflected within related policy, strategy, organisational

structure and resourcing.
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Appendix 2: Information to Participants for Chapter 2

INFORMATION TO PARTICIPANTS
Research Title: Injury profile of 17/U and 19/U netball athletes during and after National Championships
Principal Researcher:

Erin Smyth (0420512039, erin.smyth@ausport.gov.au)

We would like to invite you to participate in this research project. Choosing not to take part will not
disadvantage you in any way. Before you decide whether you want to take part, it is important for you to
understand why the research is being done and what your participation will involve. Please take time to read the
following information carefully and discuss it with others if you wish. Ask us if there is anything that is not
clear or if you would like more information.

Aim:

The aim of this research project is to investigate injury and illness incidence in 17/U and 19/U Netball athletes
during and one month following the 2018 National Championships.

Benefits:

This study will provide valuable insights into the injury profile of 17/U and 19/U pre-elite Netball athletes to
help guide future injury prevention initiatives.

What is involved?

The study will be conducted over a 5 week period (16 April 2018 — 19 May 2018) and will consist of the
following:

Online survey

A survey will be accessible through the Athlete Management System (AMS) and consists of four questions that
ask whether you have experienced any health problems in the last week. You are asked to provide the most
accurate responses that you can.

AMS data entry

Your injury records and netball participation will be recorded on AMS by your team Physiotherapist and Netball
Awustralia selectors. This data will be de-identified to protect your privacy.

Who are we recruiting?

We are recruiting all netball athletes participating in the 2018 17/U and 19/U National Championships.
Adverse effects and withdrawal:

We do not anticipate any adverse effects and you may withdraw at any time without penalty.
Confidentiality:

The confidentiality of your data will be respected at all times. Only researchers directly involved in this project
will see your AMS data which will be kept for minimum of 5 years. Data is stored electronically in the AMS
and any hard copies will be stored in a locked filing cabinet. Participants’ names will not be associated with any
aspect of this study; this will ensure anonymity during research and publication. Data will be collated so that an
individual’s information will not be able to be identified. The AMS data utilised in this study may also be used
in future studies. This research will be used to inform the design of injury and illness prevention programs for
netball athletes in the future. Results will be disseminated in the form of publications and be included in Erin
Smyth’s PhD thesis. Follow up support will be provided by the student researcher Erin Smyth between Monday-
Thursday, between the hours of 9am and 5pm.

Ethics approval:

This study has been approved by the Australian Institute of Sport Ethics Committee (Approval Number:
20180404). If you, the participant, have any concerns you can contact the secretary of the AIS Ethics Committee
on 02 6214 1577.

Further information:

If you have any questions, or you would like further information regarding the project titled: Injury profile of
17/U and 19/U netball athletes during and after National Championships, please contact the Principal
Researcher, Erin Smyth of the Australian Institute of Sport and University of Canberra:

PH: +61 420512039
EMAIL: erin.smyth@ausport.gov.au
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Appendix 3: Information for Parent/Guardian of Minor for Chapter 2

INFORMATION FOR PARENT/GUARDIAN OF MINOR (UNDER 18 YEARS) PARTICIPANTS
Research Title: Injury profile of 17/U and 19/U netball athletes during and after National Championships
Principal Researcher:

Erin Smyth (0420512039, erin.smyth@ausport.gov.au)

We would like to invite your child to participate in this research project. Choosing not to take part will not
disadvantage your child in any way. Before you decide whether you want your child to take part, it is important
for you to understand why the research is being done and what their participation will involve. Please take time
to read the following information carefully and discuss it with others if you wish. Ask us if there is anything that
is not clear or if you would like more information.

Aim:

The aim of this research project is to investigate injury and illness incidence in 17/U and 19/U Netball athletes
during and one month following the 2018 National Championships.

Benefits:

This study will provide valuable insights into the injury profile of 17/U and 19/U pre-elite Netball athletes to help
guide future injury prevention initiatives.

What is involved?
The study will be conducted over a 5 week period (16 April 2018 — 19 May 2018) and will consist of the following:
Online survey

A survey will be accessible through the Athlete Management System (AMS) and consists of four questions that
ask whether your child has experienced any health problems in the last week. Your child will be asked to provide
the most accurate responses that they can. They will be asked to complete the questionnaire four times: 16/4/18,
22/4/18, 29/4/18 and 20/5/18.

AMS data entry

Your child’s injury records and netball participation will be recorded on AMS by their team Physiotherapist and
Netball Australia selectors. This data will be de-identified to protect their privacy.

Who are we recruiting?

We are recruiting all netball athletes participating in the 2018 17/U and 19/U National Championships.
Adverse effects and withdrawal:

We do not anticipate any adverse effects and your child may withdraw at any time without penalty.
Confidentiality:

The confidentiality of your child’s data will be respected at all times. Only researchers directly involved in this
project will see their AMS data which will be kept for minimum of 5 years. Data is stored electronically in the
AMS and any hard copies will be stored in a locked filing cabinet. Participants’ names will not be associated with
any aspect of this study; this will ensure anonymity during research and publication. Data will be collated so that
an individual’s information will not be able to be identified. The AMS data utilised in this study may also be used
in future studies. This research will be used to inform the design of injury and illness prevention programs for
netball athletes in the future. Results will be disseminated in the form of publications and be included in Erin
Smyth’s PhD thesis. Follow up support will be provided by the student researcher Erin Smyth between Monday-
Thursday, between the hours of 9am and 5pm.
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Consent:

Your child will be asked to complete a questionnaire on their smartphone. Prior to this they will be asked to
provide your consent, name and contact email. Can you please communicate with your child prior to 16th April
2018 whether you give your consent for them to participate in this research project.

Ethics approval:

This study has been approved by the Australian Institute of Sport Ethics Committee (Approval Number:
20180404). If you, the participant, have any concerns you can contact the secretary of the AIS Ethics Committee
on 02 6214 1577.

Further information:

If you have any questions, or you would like further information regarding the project titled: Injury profile of 17/U
and 19/U netball athletes during and after National Championships, please contact the Principal Researcher, Erin
Smyth of the Australian Institute of Sport and University of Canberra:

PH: +61 420512039

EMAIL: erin.smyth@ausport.gov.au
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Appendix 4: Informed Consent Form for Chapter 2

Injury profile of 17/U and 19/U netball athletes during and after 2018 National Championships

Principal Investigators: Ms Erin Smyth (PhD Scholar, AIS/UC), Dr Michael Drew (AlS), Prof Gordon
Waddington (AIS/UC), Dr Juanita Weissensteiner (AlS), Dr Philip Newman (UC), Dr Laura Juliff (Netball
Australia), Ms Alanna Antcliff (Netball Australia)

You are invited to take part in this research project.

Please read the Participant Information Form carefully as this will tell you about the research project and
explain what is involved. This will help you decide if you want to continue and take part.

Ask questions about anything that you don’t understand or want to know more about. Before deciding whether
or not to take part, you might want to talk about it with a relative, friend or healthcare worker.

Participation

e  Participation in this study is entirely voluntary.

e You’re not obliged to participate and if you do, you can withdraw at any time without penalty or
prejudice.

e To participate, we would like you to complete the online questionnaire: ‘Questionnaire on Health
Problems’.

e Your participation, personal details and results will be strictly confidential and only the Principal
Investigators above will have access to the information.

By ticking the ‘1 ACCEPT’ or ‘My Parent or Guardian ACCEPTS’ option below you are telling us that you or
your Parent or Guardian:
e Understand what you have read.

o Consent to take part in the research project.

e Consent to participate in the research processes that are described.

e Consent to use your personal and health information as described.

e Understand that you are free to not answer specific items or questions.

¢ Understand that any data or answers to questions will remain confidential with regard to your identity.

o  Certify to the best of your knowledge and belief, you have no physical or mental illness that would
increase the risk of participating in this project.

e Are participating in this project of your own free will and have not been coerced in any way to
participate

O I ACCEPT (If you do not accept, please exit the browser)

Minors (Please complete if under 18 years)
O My Parent or Guardian ACCEPTS (If they do not accept, please exit the browser)
Parent/Guardian full name:

Parent/Guardian email address:
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Appendix 5: Human Ethics Committee approval for Chapter 4

Dear Erin

The Human Research Ethics Committee has considered your application to conduct research with human
subjects for the project 20181527 - Does ankle tape improve proprioception acuity immediately after
application and following netball training?".

The Committee made the following evaluation: Approved
The approval is valid until: 05/10/2018

The following general conditions apply to your approval. These requirements are determined by University
policy and the National Statement on Ethical Conduct in Human Research (National Health and Medical
Research Council, 2007).

Monitoring

You must assist the Committee to monitor the conduct of approved research by completing project review
forms, and in the case of extended research, at least annually during the approval period.

Reporting Adverse Events

You must report any unexpected adverse events or complications that occur anytime during the conduct of the
research study or during the follow up period after the research. Please refer these matters promptly to the
HREC. Failure to do so may result in the withdrawal of the Ethics approval.

Discontinuation of Research

You must inform the Committee, giving reasons, if the research is not conducted or is discontinued before the
expected date of completion.

Extension of Approval

If your project will not be complete by the expiry date stated above, you must apply for extension of approval.
This must be done before current approval expires.

Retention and Storage of Data

University policy states that all research data must be stored securely, on University premises, for a minimum of
five years. You must ensure that all records are transferred to the University when the project is complete.

Contact Details and Notification of Changes

All email contact should use the UC email address. You should advise the Committee of any change of address
during or soon after the approval period including, if appropriate, email address(es).

Please do not hesitate to contact us via email humanethicscommittee@canberra.edu.au if you require any further
information.

All the best,

Hendryk Flaegel

Research Ethics & Integrity
Research Services
University of Canberra
29/10/2018
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Appendix 6: Information to Participants for Chapter 4

e

UNIVERSITY OF RESEARCH
P CANBERRA SPORT & EXERCISE

PARTICIPANT INFORMATION SHEET

Research Title: Does ankle tape improve proprioception acuity immediately after application and following
netball training?

Principal Researcher:
Erin Smyth (0420512039, u3098942@uni.canberra.edu.au )

We would like to invite you to participate in this research project. Choosing not to take part will not disadvantage
you in any way. Before you decide whether you want to take part, it is important for you to understand why the
research is being done and what your participation will involve. Please take time to read the following information
carefully and discuss it with others if you wish. Ask us if there is anything that is not clear or if you would like
more information.

Aim:
The aim of this research project is to investigate whether ankle tape improves proprioception (position and
movement sense) of the ankle.

Benefits:
The benefit will be the creation of current evidence to support or refute the common practice of taping/bracing to
prevent ankle injuries.

What is involved?

1. You will undertake movement sensitivity (proprioception) testing at the ankle in a standing position using an
AMEDA device. The AMEDA device consists of a footplate on a platform that can tilt to 5 possible positions
resulting in ankle inversion movements between 10.5 and 14.5 degrees from the horizontal. You will be
familiarised with the 5 positions in an introductory sequence where the different positions are set in order
from smallest (position 1) to largest (position 5). This sequence is repeated 3 times. Following familiarization,
the footplate, from its horizontal start position, will be moved to one of the 5 positions which you will then
be asked to identify. This will be repeated over 50 trials, each time returning to the start position, with each
position presented 10 times in random order. The test is semi-automated and takes approximately 6 minutes
to complete.

2. Then depending on which group you’ve been assigned to, you will then have your ankles taped by a Sport
and Exercise Physiotherapist or you will self-tape if that is your normal practice.

3. Proprioception will then be tested again, repeating the 50 trials

4. A Catapult local monitoring system tracker will then be fitted and you will participate in a normal training
session or match.

5. Immediately after the training session you will repeat the 50 trials regardless of whether you tape, brace or
neither.

6. The tape will then be removed and you will repeat the 50 trials again.

Who are we recruiting?
Pre-elite netball players (17/U & 19/U state representatives and higher)

Withdrawal:
You may withdraw at any time without penalty.
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Risks:

The risks to you associated with participation in this study are minimal and are consistent with normal activities
undertaken in everyday life in a clinical setting. For example, tripping on a carpet edge. To minimise risk we will
brief you on standard procedures for conduct and safety within the research laboratory space.

Confidentiality:

Your results will be kept as confidential as is possible by law. All data will be kept in the possession of the
investigators. If the results of the study are published in a scientific journal, your identity will not be revealed. If
you wish to withdraw from the study prior to publication of results your data will be removed from the study data.
Participants will not be referred to by name during research reports or study discussions. All hard copy records
will be stored in a locked filing cabinet in a private office. All computer records are restricted by password. All
study data will be deleted at five years after the publication of results. Results will be disseminated in the form of
publications and be included in Erin Smyth’s PhD thesis.

Ethics approval:

This study has been approved by the University of Canberra Committee for Ethics in Human Research (Approval
Number:20181527 ). If you, the participant, have any concerns you can contact the Human Ethics Committee: E:
humanethicscommittee@canberra.edu.au; T: 02 6201 5220

Privacy statement

The conduct of this research involves the collection, access and/or use of your identified personal information.
The information collected is confidential and will not be disclosed to third parties without your consent, except to
meet government, legal or other regulatory authority requirements. A de-identified copy of this data may be used
for other research purposes. However, your anonymity will at all times be safeguarded.

Further information:

If you have any questions, or you would like further information regarding the project titled: Does ankle tape
improve proprioception acuity immediately after application and following netball training? please contact the
Principal Researcher, Erin Smyth of the Australian Institute of Sport and University of Canberra:

PH: +61 420512039

EMAIL: u3098942@uni.canberra.edu.au
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Appendix 7: Information for Parent/Guardian of Minor for Chapter 4

e

UNIVERSITY OF RESEARCH
P CANBERRA SPORT & EXERCISE

PARENT/GUARDIAN OF MINOR (UNDER 18 YEARS) PARTICIPANTS
INFORMATION SHEET

Research Title: Does ankle tape improve proprioception acuity immediately after application and following
netball training?

Principal Researcher:
Erin Smyth (0420512039, u3098942@uni.canberra.edu.au )

We would like to invite your child to participate in this research project. Choosing not to take part will not
disadvantage your child in any way. Before you decide whether you want your child to take part, it is important
for you to understand why the research is being done and what their participation will involve. Please take time
to read the following information carefully and discuss it with others if you wish. Ask us if there is anything that
is not clear or if you would like more information.

Aim:
The aim of this research project is to investigate whether ankle tape improves proprioception (position and
movement sense) of the ankle.

Benefits:
The benefit will be the creation of current evidence to support or refute the common practice of taping/bracing to
prevent ankle injuries.

What is involved?

Your child will undertake movement sensitivity (proprioception) testing at the ankle in a standing position using
an AMEDA device. The AMEDA device consists of a footplate on a platform that can tilt to 5 possible positions
resulting in ankle inversion movements between 10.5 and 14.5 degrees from the horizontal. Your child will be
familiarised with the 5 positions in an introductory sequence where the different positions are set in order from
smallest (position 1) to largest (position 5). This sequence is repeated 3 times. Following familiarization, the
footplate, from its horizontal start position, will be moved to one of the 5 positions which your child will then be
asked to identify. This will be repeated over 50 trials, each time returning to the start position, with each position
presented 10 times in random order. The test is semi-automated and takes approximately 6 minutes to complete.

Then depending on which group your child has been assigned to, they will then have their ankles taped by a Sport
and Exercise Physiotherapist or they will self-tape if that is their normal practice.

Proprioception will then be tested again, repeating the 50 trials

A Catapult local monitoring system tracker will then be fitted, and your child will participate in a normal training
session or match.

Immediately after the training session, your child will repeat the 50 trials regardless of whether they tape, brace
or neither.

The tape will then be removed, and your child will repeat the 50 trials.

Who are we recruiting?
Pre-elite netball players (17/U & 19/U state representatives and higher)

157



Withdrawal:
Your child may withdraw at any time without penalty.

Risks:

The risks to your child associated with participation in this study are minimal and are consistent with normal
activities undertaken in everyday life in a clinical setting. For example, tripping on a carpet edge. To minimise
risk, we will brief your child on standard procedures for conduct and safety within the research laboratory space.

Confidentiality:

Your child’s results will be kept as confidential as is possible by law. All data will be kept in possession of the
investigators. If the results of the study are published in a scientific journal, your child’s identity will not be
revealed. If your child wishes to withdraw from the study prior to publication of results their data will be removed
from the study data. Participants will not be referred to by name during research reports or study discussions. All
hard copy records will be stored in a locked filing cabinet in a private office. All computer records are restricted
by password. All study data will be deleted at five years after the publication of results. Results will be
disseminated in the form of publications and be included in Erin Smyth’s PhD thesis.

Ethics approval:

This study has been approved by the University of Canberra Committee for Ethics in Human Research (Approval
Number: 20181527). If you, the participant, have any concerns you can contact the Human Ethics Committee: E:
humanethicscommittee@canberra.edu.au; T: 02 6201 5220

Privacy statement

The conduct of this research involves the collection, access and/or use of your child’s identified personal
information. The information collected is confidential and will not be disclosed to third parties without your
consent, except to meet government, legal or other regulatory authority requirements. A de-identified copy of this
data may be used for other research purposes. However, your child’s anonymity will at all times be safeguarded.

Further information:

If you have any questions, or you would like further information regarding the project titled: ‘Does ankle tape
improve proprioception acuity immediately after application and following netball training?’ please contact the
Principal Researcher, Erin Smyth of the Australian Institute of Sport and University of Canberra:

PH: +61 420512039

EMAIL: u3098942@uni.canberra.edu.au
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Appendix 8: Informed Consent Form for Chapter 4

CONSENT FORM FOR PARTICIPANTS INVOLVED IN RESEARCH

Project: Does ankle tape improve proprioception acuity immediately after application and following
netball training?

Investigators: Erin Smyth, Prof Gordon Waddington, Dr Phillip Newman, University of Canberra Research
Institute for Sport and Exercise. Dr Michael Drew, Athlete Availability, Australian Institute of
Sport. Dr Juanita Weissensteiner, NSW Office for Sport.

This is to certify that I, am at least 18 years old and that | am voluntarily giving
my consent to participate in the research project named above.

| certify that the investigation and my part in the investigation have been defined and explained to me by a member of the
research team and | understand the explanation. A copy of the procedures of this investigation and a description of any risks
has been provided to me and discussed with me.

e | have been given an opportunity to ask whatever questions | may have had and all such questions have been
answered to my satisfaction.

e lunderstand that | am free to withdraw consent and to discontinue participation in the project or activity at any time,
without disadvantage to myself.

e |l understand that | am free to withdraw my data from analysis without disadvantage to myself.

e | understand that any data or answers to questions will remain confidential with regard to my identity.

e | am participating in this project of my own free will and | have not been coerced in any way to participate.

|:| I consent to participating in this research

Signature of participant: Date: / /
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Appendix 9: Informed Consent Form for Minors for Chapter 4

CONSENT FORM FOR PARTICIPANTS (MINOR) INVOLVED IN RESEARCH

Project: Does ankle tape improve proprioception acuity immediately after application and
following netball training?

Investigators: Erin Smyth, Prof Gordon Waddington, Dr Phillip Newman, University of Canberra
Research Institute for Sport and Exercise. Dr Michael Drew, Athlete Availability,
Australian Institute of Sport. Dr Juanita Weissensteiner, NSW Office for Sport.

This is to certify that I, hereby agree to give permission for my child
to participate as a volunteer in the research project named above.

I certify that the investigation and my child’s part in the investigation have been defined and explained to me by
a member of the research team and | understand the explanation. A copy of the procedures of this investigation
and a description of any risks has been provided to me and discussed with me.

¢ | have been given an opportunity to ask whatever questions my child or myself may have had and all
such questions have been answered to my satisfaction.

e | understand that my child is free to withdraw consent and to discontinue participation in the project or
activity at any time, without disadvantage.

e | understand that my child is free to withdraw their data from analysis without disadvantage.

e [ understand that any data or answers to questions will remain confidential with regard to my child’s
identity.

e My child is participating in this project of her own free will and has not been coerced in any way to
participate.

|:| I consent to my child participating in this research

Signature of Participant: Date: / /

Signature of Parent or
Guardian of minor: (under 18 years) Date: / /
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Appendix 10: Human Ethics Committee approval for Chapter 5

Dear Erin

The Human Research Ethics Committee has considered your application to conduct research with human
subjects for the project "20181551 - Injury prevention intervention development and implementation.".

The Committee made the following evaluation: Approved
The approval is valid until: 28/02/2019

The following general conditions apply to your approval. These requirements are determined by University policy
and the National Statement on Ethical Conduct in Human Research (National Health and Medical Research
Council, 2007).

Monitoring

You must assist the Committee to monitor the conduct of approved research by completing project review
forms, and in the case of extended research, at least annually during the approval period.

Reporting Adverse Events

You must report any unexpected adverse events or complications that occur anytime during the conduct of the
research study or during the follow up period after the research. Please refer these matters promptly to the HREC.
Failure to do so may result in the withdrawal of the Ethics approval.

Discontinuation of Research

You must inform the Committee, giving reasons, if the research is not conducted or is discontinued before the
expected date of completion.

Extension of Approval

If your project will not be complete by the expiry date stated above, you must apply for extension of approval.
This must be done before current approval expires.

Retention and Storage of Data

University policy states that all research data must be stored securely, on University premises, for a minimum of
five years. You must ensure that all records are transferred to the University when the project is complete.

Contact Details and Notification of Changes

All email contact should use the UC email address. You should advise the Committee of any change of address
during or soon after the approval period including, if appropriate, email address(es).

Please do not hesitate to contact us via email humanethicscommittee@canberra.edu.au if you require any further
information.

All the best,

Hendryk Flaegel

Research Ethics & Integrity
Research Services
University of Canberra
29/10/2018
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Appendix 11: Information to Participants for Chapter 5

e

UNIVERSITY OF RESEARCH
P CANBERRA SPORT £ EXERCISE

PARTICIPANT INFORMATION STATEMENT

Research Title: How are injury prevention interventions developed and implemented successfully to reduce
injury rates in pre-elite netball athletes?

Principal Researcher: Erin Smyth (0420512039, u3098942@uni.canberra.edu.au)

We would like to invite you to participate in this research project. Choosing not to take part will not disadvantage
you in any way. Before you decide whether you want to take part, it is important for you to understand why the
research is being done and what your participation will involve. Please take time to read the following information
carefully and discuss it with others if you wish. Ask us if there is anything that is not clear or if you would like
more information.

Aim: The aim of this research project is to evaluate the implementation of the KNEE (Knee injury prevention for
Netballers to Enhance performance and Extend play) program, among coaches and physiotherapists of pre-elite
netball athletes. The KNEE program is an injury prevention and performance enhancing program developed by
Netball Australia.

Benefits: This study will make a valuable contribution towards developing and preventing injuries in pre-elite
netball athletes.

What is involved?: You are being asked to participate in a research process called concept mapping.

The study will be conducted over 3-4 weeks and consist of three online activities.

Activity 1: brainstorm ideas about what the challenges are for coaches and physiotherapists of pre-elite netball
athletes implementing the KNEE program. (30mins)

Activity 2: sort these ideas into groups of related concepts (30mins)

Activity 3: rate the relative importance of these ideas and the feasibility of netball Australia being able to
successfully implement strategies to address them (30 mins)

Your participation will be spread over several weeks. After completing Activity 1 it will be two weeks before you
are invited to participate in Activities 2 and 3 which you will be asked to do at the same time.

You will be able to participate as an individual at a time convenient to you. You will not need to meet with others
somewhere in order to participate.

Participation is voluntary and anonymous. You will not be required to provide your name when you participate
in the research. Other research participants will not be able to identify you or link any information or answers to
you.

How do I give my consent to participate in this study?: You will be asked to consent to participate in this study
at the beginning of Activity 1. This will require you to respond ‘accept’ on the first page of the online Concept
Mapping system indicating you have read and understood this Participant Information Statement and you are
happy to participate in the Concept Mapping process.

Adverse effects and withdrawal: We do not anticipate any adverse effects and you may withdraw at any time
without penalty.
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Confidentiality: The confidentiality of your data will be respected at all times. Only researchers directly involved
in this project will see your data which will be kept for minimum of 5 years. Data is stored electronically on a
secure site and any hard copies will be stored in a locked filing cabinet. Participants’ names will not be associated
with any aspect of this study; this will ensure anonymity during research and publication. Data will be collated so
that an individual’s information will not be able to be identified. Results will be disseminated in the form of
publications and be included in Erin Smyth’s PhD thesis.

Ethics approval: This study has been approved by the University of Canberra Committee for Ethics in Human
Research (Approval Number: 20181551). If you, the participant, have any concerns you can contact the Human
Ethics Committee: E: humanethicscommittee@canberra.edu.au; T: 02 6201 5220.

Further information: If you have any questions, or you would like further information regarding the project
titled: ‘How are injury prevention interventions developed and implemented successfully to reduce injury rates in
pre-elite netball athletes?’, please contact the Principal Researcher,

Erin Smyth of the Australian Institute of Sport and University of Canberra:

PH: +61 420512039

EMAIL: u3098942@uni.canberra.edu.au
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Appendix 12: Informed Consent Form for Chapter 5

Concept mapping consent form

Thank you for taking the time to participate in this Concept Mapping study to identify the barriers to
coaches/physiotherapists of 17/U and 19/U state netball teams implementing the KNEE (Knee injury prevention
for Netballers to Enhance performance and Extend play) program with the teams they work with.

If you are not familiar with the KNEE program, please go to the KNEE website and familiarise yourself with the
program before participating in this project.

You may be asked to offer your input in a variety of ways:

e by providing your ideas

e rating the ideas or sorting them into groups of similar themes

e by providing non-identifying information about yourself
Before participating in this Concept Mapping study, please read the Participant Information Statement (P1S) that
was attached to the email you received inviting you to join the project. If you have not already read the PIS you

can find a copy here.

It will be assumed that you are over the age of 18 and have read the PIS when you "accept' to participate in this
research below and start Activity 1.
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Appendix 13: Human Ethics Committee approval for Chapter 6

N

w

Aunstralian lostitute of Sport

MINUTE
TO: Frin Smyth DATE: 27 March 2019
FROM: Tim Kelly (AIS Crhics Comumitice Seeretary)

SUBIECT: Minor ¥ariation to “Injury profile of 17/U and !9 netball athietes during and afler National
Championships’ {20180404)

As Secretary of the AIS Elhics Commirtes, T acknowledge recerpl of the Minr Variation Form {or the above project
on 27/03/19. While submission of the Minor Variation is reccived before the Ethics due date of 22% March 2019, it
cannat be considered by the AlS Ethics Committee before its scheduled meeting om 9% April 2019,

It is my understanding that due to circumstances heyond your control, the study is being conducted before 9 April,
and js therefore not able to be considered by the AlS Ethics Commiitee. I have forwarded your submission on to Lhe
Chair of the Comimitice who bas approved your amendment on the basis that the amendments are minor, and the study
was granted full Ethics approval on 10" April 2018.

Pleape note, that this is oot my prefemred option, and that in future, the preference would be 1o have the AIS Elhics
Committee review 21l amendments during scheduled meetings, na matter how minor. However, T accept the unusuat
circumstances, and the ‘low risk” nature of the amendments,

The approval number for this project remainy ay: 20180404,

It is a requirernent of (he ATS Elhics Commitiee that the Principal Researcher (wou) advise all researchers involved in
the study of Ethics Commitiee approval and any conditions of that approval. You are also required 1o advise the Tthics
Commitiee immediately (via the Sceretary) oft

Any proposcd changes to the research desipn,
Any adverse events that may oceur.

Researchers are required to submit anouval starus repom and final reports w the secretary of the ATS Elhics Cammittes.
Derails of status report requirements arc contained in the *Guidelines’ for ethics submissions.

Piease continue to note that Lhe approval for this submission expires on 31¥ December 2020, afler which time an
extension will necd 1o be sought.

If you have eny questions regarding this matter, please contact 1ne on (02) 6214 1791,

Yours sincerely,

3 el
Tiwn Kelly
Sucrclary, AlS Fihics Commiltec
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Appendix 14: Information to Participants for Chapter 6

AUSTRALIA

INFORMATION TO PARTICIPANTS

Research Title: Injury profile of 17/U and 19/U netball athletes during and after National Championships

Principal Researcher:
Erin Smyth (0420512039, erin.smyth@ausport.gov.au)

We would like to invite you to participate in this research project. Choosing not to take part will not
disadvantage you in any way. Before you decide whether you want to take part, it is important for you to
understand why the research is being done and what your participation will involve. Please take time to read the
following information carefully and discuss it with others if you wish. Ask us if there is anything that is not
clear or if you would like more information.

Aim:
The aim of this research project is to investigate injury and illness incidence in 17/U and 19/U Netball athletes
during and one month following the 2019 National Championships.

Benefits:
This study will provide valuable insights into the injury profile of 17/U and 19/U pre-elite Netball athletes to
help guide future injury prevention initiatives.

What is involved?
The study will be conducted over a 7 week period (28 March 2019 — 14 May 2019) and will consist of the
following:

Online survey

You will be asked to complete two surveys (Low Energy Availability in Females Questionnaire & Pittsburgh
Sleep Quality Index) on the 28" March. You will also be asked to complete the Health Problems Questionnaire
at the start and end of the tournament as well as one and four weeks post tournament. It consists of four questions
that ask whether you have experienced any health problems in the last week. You will be asked to provide the
most accurate responses you can. These surveys will be accessible through the Athlete Management System
(AMS).

AMS data entry

Your injury records and netball participation will be recorded on AMS by your team Physiotherapist and Netball
Australia selectors. This data will be de-identified to protect your privacy.

Medical Care

Should you become unwell while in Brishane for the tournament you will have access to the tournament doctor
for a free consultation and will receive appropriate medical care. If the presenting complaint is suggestive of a
possible infection. The doctor will conduct a history and physical exam and discuss the clinical findings, any
relevant pathology and treatment that may be indicated. Your consent will also be requested for the outcome of
the medical assessment to be included in the AMS and subsequent research project.
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The care provided may include bulk billed pathology, radiological investigations or prescription of appropriate
medications under the pharmaceutical benefits scheme. The pathology services will not cost you anything
providing you have a Medicare card. However, medications on the pharmaceutical benefits schedule can attract
a small fee from a local pharmacy. There will be no fee from the tournament doctor.

Common investigations for infective symptoms include a swab from the back of the nose, collection of sputum)
sample, (mucus from a cough), faecal sample, or blood test. You will be free to accept or decline all or part of
any investigations offered. The tests if indicated will help to inform what pathogen is causing the infection and
direct individual treatment. When collated with other athletes’ pathology results can contribute to our
understanding of infection transmission within high performing sporting teams in competition.

At the end of the tournament, this will conclude the episode of medical care and a summary of your presentation
will be sent to your nominated general practitioner who will then be responsible for continuing care. Your
general practitioner will be able to contact the tournament doctor should they have any further questions.

Who are we recruiting?
We are recruiting all netball athletes participating in the 2019 17/U and 19/U National Netball Championships.

Adverse effects and withdrawal:
We do not anticipate any adverse effects and you may withdraw at any time without penalty.

Confidentiality:

The confidentiality of your data will be respected at all times. Only researchers directly involved in this project
will see your AMS data which will be kept for minimum of 5 years. Data is stored electronically in the AMS and
any hard copies will be stored in a locked filing cabinet. Participants’ names will not be associated with any aspect
of this study; this will ensure anonymity during research and publication. Data will be collated so that an
individual’s information will not be able to be identified. The AMS data utilised in this study may also be used in
future studies. This research will be used to inform the design of injury and illness prevention programs for netball
athletes in the future. Results will be disseminated in the form of publications and be included in Erin Smyth’s
PhD thesis. Follow up support will be provided by the student researcher Erin Smyth between Monday-Thursday,
between the hours of 9am and 5pm.

Ethics approval:

This study has been approved by the Australian Institute of Sport Ethics Committee (Approval Number:
20180404). If you, the participant, have any concerns you can contact the secretary of the AIS Ethics Committee
on 02 6214 1577.

Further information:

If you have any questions, or you would like further information regarding the project titled: Injury profile of
17/U and 19/U netball athletes during and after National Championships, please contact the Principal
Researcher, Erin Smyth of the Australian Institute of Sport and University of Canberra:

PH: +61 420512039

EMAIL: erin.smyth@ausport.gov.au
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Appendix 15: Information for Parent/Guardian of Minor for Chapter 6

AUSTRALIA

INFORMATION TO PARENT/GUARDIAN OF MINOR (UNDER 18 YEARS) PARTICIPANTS

Research Title: Injury profile of 17/U and 19/U netball athletes during and after National Championships

Principal Researcher:
Erin Smyth (0420512039, erin.smyth@ausport.gov.au)

We would like to invite your child to participate in this research project. Choosing not to take part will not
disadvantage your child in any way. Before you decide whether you want your child to take part, it is important
for you to understand why the research is being done and what their participation will involve. Please take time
to read the following information carefully and discuss it with others if you wish. Ask us if there is anything that
is not clear or if you would like more information.

Aim:
The aim of this research project is to investigate injury and illness incidence in 17/U and 19/U Netball athletes
during and one month following the 2019 National Championships.

Benefits:
This study will provide valuable insights into the injury profile of 17/U and 19/U pre-elite Netball athletes to
help guide future injury prevention initiatives.

What is involved?
The study will be conducted over a 7 week period (28 March 2019 — 14 May 2019) and will consist of the
following:

Online surveys

Your child will be asked to complete two surveys (Low Energy Availability in Females Questionnaire &
Pittsburgh Sleep Quality Index) on the 28" March. They will also be asked to complete the Health Problems
Questionnaire at the start and end of the tournament as well as one and four weeks post tournament. It consists of
four questions that ask whether your child has experienced any health problems in the last week. Your child will
be asked to provide the most accurate responses that they can. These surveys will be accessible through the Athlete
Management System (AMS).

AMS data entry

Your child’s injury records and netball participation will be recorded on AMS by their team Physiotherapist and
Netball Australia selectors. This data will be de-identified to protect their privacy.

Who are we recruiting?
We are recruiting all netball athletes participating in the 2019 17/U and 19/U National Championships.

Adverse Effects and Withdrawal:
We do not anticipate any adverse effects and your child may withdraw at any time without penalty.

173



Confidentiality:

The confidentiality of your child’s data will be respected at all times. Only researchers directly involved in this
project will see their AMS data which will be kept for minimum of 5 years. Data is stored electronically in the
AMS and any hard copies will be stored in a locked filing cabinet. Participants’ names will not be associated with
any aspect of this study; this will ensure anonymity during research and publication. Data will be collated so that
an individual’s information will not be able to be identified. The AMS data utilised in this study may also be used
in future studies. This research will be used to inform the design of injury and illness prevention programs for
netball athletes in the future. Results will be disseminated in the form of publications and be included in Erin
Smyth’s PhD thesis. Follow up support will be provided by the student researcher Erin Smyth between Monday-
Thursday, between the hours of 9am and 5pm.

Consent:

Your child will be asked to complete a questionnaire on their smartphone. Prior to this they will be asked to
provide your consent, name and contact email. Can you please communicate with your child prior to 28" March
2019 whether you give your consent for them to participate in this research project.

Ethics Approval:

This study has been approved by the Australian Institute of Sport Ethics Committee (Approval Number:
20180404). If you, the participant, have any concerns you can contact the secretary of the AIS Ethics Committee
on 02 6214 1577.

Further information:

If you have any questions, or you would like further information regarding the project titled: Injury profile of
17/U and 19/U netball athletes during and after National Championships, please contact the Principal
Researcher, Erin Smyth of the Australian Institute of Sport and University of Canberra:

PH: +61 420512039

EMAIL: erin.smyth@ausport.gov.au
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Appendix 16: Informed Consent Form for Chapter 6

Injury profile of 17/U and 19/U netball athletes during and after 2019 National Championships

Principal Investigators: Ms Erin Smyth (PhD Scholar, AIS/UC), Dr Michael Drew (AIS), Prof Gordon
Waddington (AIS/UC), Dr Juanita Weissensteiner (AlS), Dr Philip Newman (UC), Dr Laura Juliff (Netball
Australia), Ms Alanna Antcliff (Netball Australia)

You are invited to take part in this research project.

Please read the Participant Information Form carefully as this will tell you about the research project and
explain what is involved. This will help you decide if you want to continue and take part.

Ask questions about anything that you don’t understand or want to know more about. Before deciding whether
or not to take part, you might want to talk about it with a relative, friend or healthcare worker.

Participation

e  Participation in this study is entirely voluntary.

*  You’re not obliged to participate and if you do, you can withdraw at any time without penalty or
prejudice.

e To participate, we would like you to complete the online questionnaires: ‘Low Energy Availability in
Females Questionnaire’, Pittsburgh Sleep Quality Index’ and ‘Health Problems Questionnaire’.

e Your participation, personal details and results will be strictly confidential and only the Principal
Investigators above will have access to the information.

By ticking the ‘1 ACCEPT’ or ‘My Parent or Guardian ACCEPTS’ option below you are telling us that you or
your Parent or Guardian:

e Understand what you/they have read.

e Consent to take part in the research project.

e Consent to participate in the research processes that are described.

e Consent to use your personal and health information as described.

e Understand that you are free to not answer specific items or questions.

e Understand that any data or answers to questions will remain confidential with regard to your identity.

e  Certify to the best of your knowledge and belief, you have no physical or mental illness that would
increase the risk of participating in this project.

e Are participating in this project of your own free will and have not been coerced in any way to
participate

O | ACCEPT (If you do not accept, please exit the browser)

Minors (Please complete if under 18 years)

O My Parent or Guardian ACCEPTS (If they do not accept, please exit the browser)

Parent/Guardian full name:

Parent/Guardian email address:
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Appendix 17: Foot blister advice sheet and pack

Author: Ruth Fazakertey
{AlS Registered Nurse)

nerpail

Blister Prevention & Care for Athletes

Introduction

One of the most common injuries that athletes sustain that has the potential to lead to loss of time

from training and competition are blisters.

They can range from being an uncomfortable nuisance to requiring hospitalisation and the
administration of intravenous antibiotics for spreading infection which can cause significant time out

of play.

Being aware of how to avoid blisters and being prepared to safely self-mange any blisters immediately

they occcur can help prevent any complications from affecting your performance.

What are blisters?

Blisters occur from friction or rubbing of the skin causing one layer of skin to separate from another.
This creates a pocket which fills with fluid, causing pain and inflarmmation.

The common types of blisters you will see are:

¢ Closed

*  Open or torn

« Blood blister

« Deep blisters under a caltus
« Infected blister

Commaon reasons that blisters occur in athletes:

Returning to training or competition after a break

Increased frequency and intensity of training loads or games such as camps or nationals
New orthotics or shoes

Poorly fitting shoes or orthotics

A build-up of unhelpful callus

Preventing Blisters includes:

Recognising when there is an increased likelihood of blisters oceurring and take preventative
action.

Wearing in new shoes or a change of orthotics slowly by not wearing at every training or game.
Wearing the right socks, choose socks that will wick moisture away from the foot, keeping it
dry.

Avoiding seams on your socks that can rub.

Keeping your feet dry; by avoiding wearing damp socks, changing into clean dry socks if you
have multiple games or training sessions in one day.

Wash your feet, dry well and air in between sessions.

Use a powder to promote dryness, Curash powder is 2 good one it contains cornstarch and
zinc and absorbs excess perspiration. Apply to clean and dry skin.
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Author: Ruth Fazakerley
(AIS Registered Nurse)

netbail

= Stop and readjust when you feel a hot spot, this may be readjusting socks/ shoes/erthotic or
applying a protective cover such as bandaid or fixomull.

= Check that your shoes are the correct fit, not too tight (causing pressure} or too loose aiding
slippage (causing friction).

e Manage callused areas by preventing the build-up of unhelpful callus (see below).

s Cover the problem spots on your feet by protecting those areas that are vuinerable to friction
with a protective covering such as Fixornull or Hypafix, adhesive moleskin. Tip: when using
Fixomull/Hypafix curve the corners to reduce the risk of the moterial catching and rofling causing
another area of pressure

Callus management

Callus build up occurs on those area of the body that are regularly subjected to friction. These
thickened areas of skin protect us against surface friction and help to reduce the incidence of blisters.
However there are times when the build-up of callus can do more harm.

A thick, dry and cracked or abnormally shaped callus {one that does not conform to the normal
anatomical contour of that part of the body) can transfer pressure and friction to the deeper skin
layers causing a deep fluid filled blister. If left untreated the callus itself becomes the blister hood and
if torn can result in a deep painful and cpen blister.

The management of your callus includes the recognition of unhelpful callus formation and its removal.
For netballers the most common areas of callus formation are:

=  Along the middle edge of your large toe.
¢ At the base of your large toe over the ball of your foot.
e Over your heels.

Indications that a callus requires trimming ¢an include:

® A blister is visible upder the callus.

e The callus has developed an abnormal shape and hardness sometimes displayed as a palpable
ridge.

e The callus is dry and cracking.

e Small dark spots appearing under the callused area which may be petechial haemorrhages,
these are tiny areas of bleeding deep in the tissue caused by pressure from the thick callus.

s The callus is thick and yellowing.

e Localised pain at the site of the callus after exercising which may be a burning sensation.

Be responsible for your foot care and manage callused feet before problems ocecur.
How to removal excess callus:

For the effective safe removal of thickened problematic callus seek the help of a podiatrist or other
health professional experienced in callus removal.

They will use a special tool to shave the excess callus to a more normal coverage of thickened skin.
Athletes can then assist callus maintenance by the regular use of a foot file to shave the area and
prevent reoccurrence of excess callus.
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Author: Ruth Fazakerley
{AlS Registered Nurse)

netball

Foot files are like large emery boards although much coarser, they can be purchased for approximately
58 to $12 from most chemists and supermarkets that have a foot care section. The Scholl brand of
foot file can be purchased from Priceline, but there are several good foot files you can choose from.

Eulactol Scholl heel balm is one of many products on the market that help to soften calluses. It is
particularly helpful in preventing the cracking that occurs from the callus becoming dry. Applying the

balm at night and wearing socks for several consecutive nights is very effective.
Closed hlister management

The usual management of a closed fluid filled blister is to leave it alone and allow the reabsorption of
the fluid to occur naturally,

Normatly there is no need to puncture the fluid filled blister unless it is large, painful or likely to be
further irritated, For elite athletes unless a blister occurs at the same time as a planned break, this
option is not considered, the risk of leaving the blister closed and continuing to exercise can lead to a
traumnatic tearing of the blister hood causing more discomfort and potential for infection.

The preferred option for athletes is to remove the fluid under aseptic conditions in order to prevent
further trauma and reduce the incidence of infection.

It is important to have the correct equipment do this.
Open blister management

If a blister hood has torn and the fluid has escaped, the remaining skin from the blister hood should
be removed carefully and betadine or another antiseptic applied to prevent infection. The open blister
should be covered with a suitable protective dressing to provide comfort and avoid contamination of
the wound.

» An adhesive foam dressing (eg Allewyn gentle border, smith&nephew) will provide comfort
from the padding and absorb discharge.

» A blister plaster will aid healing by providing a moist wound environment and protect against
infection.

Biister Plasters are avaifable in Pharmacy’s and some supermarkets

A donut either of silicone gel or foam can be placed over the dressing to remove direct pressure on
the healing wound and reduce discomfort while continuing activity,

Analgesia can be taken to relieve pain, and ice applied to reduce swelling and discomfort.
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(AIS Registered Nurse)
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If you self-manage a blister while on camp always discuss this with your team support, who can
provide any further assistance if needed.

These items should be included in a Blister Care Pack to help you to pierce a closed blister safely.

v

NN

v

Aleohol wipes

Betadine wipes

Skin prep wipes

Gauze swabs

Splinter probes {used instead of sterile needles to comply with no needle policy for athletes)
Assorted Band-Aids

Plastic waste bag

How to use the Blister Pack 1o pierce a closed blister:

To pierce a closed blister safely to reduce the incidence of infection follow these instructions:

v
v
v

v
v
v

v
v

Wash your hands

Clean the area well with the alcohol swab

Using the splinter probe pierce the blister hood several times to allow the evacuation of fluid
from the blister this will aid continued drainage.

Gently squeeze out the blister fluid and use the gauze remove the fluid

Thoroughly apply betadine { if no allergy to iodine)

Cover with Band-Aid, secure by using skin prep to surrounding intact skin to aid adherence
and cover with fixormull tape

Carefully recap the splinter probe and dispose of safely

Whash hands & dispose of used supplies in plastic bag provided

Use each splinter probe for a single blister treatment only
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