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ABSTRACT
Background Exercise-based training programmes are
commonly used to prevent sports injuries but programme
effectiveness within community men’s team sport is
largely unknown.
Objective To present the intention-to-treat analysis of
injury outcomes from a clustered randomised controlled
trial in community Australian football.
Methods Players from 18 male, non-elite, community
Australian football clubs across two states were
randomly allocated to either a neuromuscular control
(NMC) (intervention n=679 players) or standard-practice
(control n=885 players) exercise training programme
delivered as part of regular team training sessions (2×
weekly for 8-week preseason and 18-week regular-
season). All game-related injuries and hours of game
participation were recorded. Generalised estimating
equations, adjusted for clustering (club unit), were used
to compute injury incidence rates (IIRs) for all injuries,
lower limb injuries (LLIs) and knee injuries sustained
during games. The IIRs were compared across groups
with cluster-adjusted Injury Rate Ratios (IRRs).
Results Overall, 773 game injuries were recorded. The
lower limb was the most frequent body region injured,
accounting for 50% of injuries overall, 96 (12%) of
which were knee injuries. The NMC players had a
reduced LLI rate compared with control players (IRR:
0.78 (95% CI 0.56 to 1.08), p=0.14.) The knee IIR was
also reduced for NMC compared with control players
(IRR: 0.50 (95% CI 0.24 to 1.05), p=0.07).
Conclusions These intention-to-treat results indicate
that positive outcomes can be achieved from targeted
training programmes for reducing knee and LLI injury
rates in men’s community sport. While not statistically
significant, reducing the knee injury rate by 50% and
the LLI rate by 22% is still a clinically important
outcome. Further injury reductions could be achieved
with improved training attendance and participation in
the programme.

INTRODUCTION
Team-based exercise training programmes have
become a popular method for delivering injury pre-
vention at the club level in many sports. Until
recently, evaluation of the benefits of such pro-
grammes has largely been undertaken in efficacy
studies involving highly controlled or laboratory-
based settings, thereby providing limited knowledge
of real-world benefits.1 Since the gap in research
demonstrating the effectiveness of these

programmes was recognised, there has been an
increase in the number of investigations directly in
the non-elite, community sport setting.2 Recent sys-
tematic reviews summarising the effectiveness of
training programmes for reducing injuries in team
sport have identified varying outcomes for injury
reduction.3–6 The variation is attributed to a range
of factors, including participant age and sex, level
of competition, the type of components included
in the programme and compliance with the pro-
gramme. As such, specific investigations towards
understanding the effectiveness of injury prevention
training programmes for different sports settings is
now required.
Australian football (AF) is one of the most

popular team sports in Australia. At the community
sport level, AF is played by all age groups, men and
women. Adult male participants (generally between
18 years and 30 years old) commonly play in a
weekend game, with training sessions once or twice
weekly over 5–6 months of the year. The game is
played at a fast pace, with players subject to con-
tinuous running, bursts of sprinting, sudden
changes of direction, frequent jumping/landing and
heavy physical contact. These characteristic move-
ments of AF also present players with a high risk of
injury.7 8 Although the collection and quality of
injury data in community AF is limited,9 the
burden of AF injury is large, it being ranked one of
the highest of all team sports leading to hospital
treated injury.10 The lower limb is the most
common body region injured in AF with the knee
consistently reported as one of the most frequently
injured body parts.9–11 These injuries have high
personal costs, leading to reduced or ceased partici-
pation, long-term degenerative joint damage and
ongoing pain.12–14 Interventions aimed at prevent-
ing all lower limb injuries (LLIs) are needed to
support the long-term health and well-being of
players and enable promotion of the positive health
benefits gained from participation.
The Preventing Australian Football Injuries

through eXercise (PAFIX) study was a clustered
randomised controlled trial (cRCT) in community
AF aimed at reducing the number of LLIs, particu-
larly knee injuries.15 Players from clubs assigned to
the intervention arm undertook a programme of
progressive, targeted exercises as part of their
regular training sessions (a neuromuscular control
(NMC) programme), beginning in the preseason
and continuing throughout the competition-season.
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The second group (control) of clubs/players was provided with
a sham exercise programme that replicated common training
practices in community AF.

This paper presents the intention-to-treat (ITT) analysis of
the cRCT results in relation to whether the training programme
led to a reduction in the rate of knee injuries or LLIs in games.

METHODS
This study was designed according to the CONSORT statement
(refer to online supplementary appendix 1).16 The study ration-
ale, design and full protocol have been previously published.15

The specific content and delivery of the trialled exercise training
programme content have also been published.17 Minor amend-
ments to the original study protocol15 were needed to adjust for
procedural challenges that were encountered when implementing
the trial. These amendments, structured around the CONSORT
statement components,16 are outlined in online supplementary
appendix 2 and all published and procedural documents are
available online (http://www.pafixproject.wordpress.com).

Inclusion and exclusion criteria
Community male AF clubs from two Australian states partici-
pated in the PAFIX trial over an 8-week preseason period and
an 18-week playing season (26 weeks total), in 2007 or 2008.
Eighteen clubs (nine in 2007 and nine in 2008) were included,
resulting in 2017 players assessed for inclusion eligibility.
Figure 1 shows the allocation of players to trial arms and the
numbers of players involved in the final trial and its analysis.

Full details of the inclusion and exclusion criteria are pre-
sented in online supplementary appendix 2. In short, players
were included if they were registered to play for one of the par-
ticipating teams, were at least 18 years of age and attended at
least one training session in the first 13 weeks of the pro-
gramme. Players from either group who did not train in the first
13 weeks (the point of transition from early season to mid-
season) were excluded from analyses as they had not been
exposed to a sufficient degree of the intervention; this was
determined to be a reasonable failure-to-start exclusion that still
met the criteria of an ITTanalysis.18

The total number of players recruited into PAFIX was 1691.
Of these, 751 were allocated to the NMC group with 679
retained for analysis (ie, met all inclusion criteria) and 940
players were allocated to the control group, from which 885
were retained. The total number of players included for analysis
was 1564 (figure 1).

Intervention
Players from the NMC and control groups participated in a set
of training exercises as part of their regular training programme
twice per week.17 The researchers trained team-based primary
data collectors (PDCs) to deliver the prescribed exercises to the
participating players. The NMC group received a programme of
evidence-based neuromuscular and biomechanical exercises spe-
cifically targeted at reducing LLI, while the control group was
provided with a ‘sham’ programme of exercises similar to those
regularly undertaken at training.17 Neither the players, clubs

Figure 1 Allocation of players to
interventions in the PAFIX trial.
Non-attendance at training sessions
meant no exposure at all to any of the
trial conditions so players were
removed. NMC, neuromuscular control;
PAFIX, Preventing Australian Football
Injuries through eXercise.
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nor PDCs were aware of what programme those in the other
study condition received.

Data collection and coding
Each player participated over a 26-week period in 2007 or 2008.
In this time, the PDC recorded the number of training sessions
attended, the number of games played, the number of game
hours played and the number of injuries sustained. An injury was
defined as something that caused a player to seek medical atten-
tion (on or off the field) or to leave the field of play. Injury
details were recorded by the PDC from observation and later
confirmed with the player and medical staff where available. The
injury definition and data collection procedures have been
described elsewhere and shown to be reliable.19 Training sessions
in AF last for around 1.5 h with both programmes designed to
take no more than the first 20 min of that time.

Consistent with the CONSORT statement,16 an ITT analysis
was performed. Injury incidence rates (IIRs) for all injury, all
LLI and knee injury only were calculated for all players com-
bined, as well as separately for the NMC and control groups.
The estimated IIR was calculated as the number of injuries sus-
tained divided by the exposure measure (game hours played.)
For each IIR, a 95% CI was calculated assuming Poisson errors.
The IIRs in the NMC (IIR-NMC) and control (IIR-CONTROL)
groups were compared by calculating the IRR as
IRR=IIR-NMC/IIR-CONTROL and the 95% CI as , where SE
(ln(IRR)) is the IRR’s SD.

To adjust for clustering effects (measured by the intraclass cor-
relation (ICC)) associated with the sampling of teams within the
clubs or states that may have influenced injury rates, a
Generalised Estimating Equation (GEE) with Poisson distribu-
tion, log link function and an exchangeable autocorrelation
structure was fitted to the injury rate data. The GEE assessed
the effectiveness of the training programme in reducing the rate
of injuries in games. Specifically, assessment of reduction in
knee injuries sustained during games was undertaken as that was
how the study was initially powered. Since the data were some-
what zero-inflated, a GEE with negative binomial distribution
and exchangeable correlation structure was also fitted to
account for overdispersion. As this obtained similar results to
the first GEE model its results are not presented. The dependent
variable was the player-specific IIR, with the trial arm included
as an indicator factor and the football club effect nested within
the state factor to account for clustering effects. Results for the
GEE models are expressed as IRRs with 95% CIs and inter-
preted as the percentage change in IIR between the NMC and
the control groups. To further confirm the modelling results,
bootstrapping (which used repeated draws with replacement
from the observed sample to create simulated samples) was
undertaken and no significant difference to the main GEE
results was found. Post hoc power calculations were based on
Hayes’ method.20

All data were originally double-entered into a database.
Analyses were performed in statistical packages Stata (V.12.1)
and R (R Core Team 2013, http://www.r-project.org, V.3.1.2).
The statistical analyses were performed by author MA blinded
to the intervention arm allocation.

RESULTS
Trial group characteristics
Each trial arm had nine clubs, with 38 NMC teams and 59
control teams, spread across the two geographical regions and
years (table 1). It was not possible to fully assess baseline equiva-
lence of the two groups in terms of player age or level of play

because that information was only obtained from a (non-
random) subset of players.

A total of 1032 injuries were recorded in 563 players, of
which 773 injuries were sustained during games. The lower
limb was the most frequent body region injured, accounting for
50% of injuries overall. The upper leg was the most frequently
injured body part (table 2).

Injury incidence rate comparisons
As expected, there were no significant differences in the
all-injury IIR between the NMC and control groups. The game
IIR in the NMC group was smaller than that for the control
group and the associated cluster-adjusted IRR of 0.92 for game
injuries indicates an 8% non-significant reduction in all injures
for the NMC group (table 3).

There was a significantly smaller IIR for LLI in the NMC
group compared with the control group in games but this was
not significant after cluster adjustment. Nonetheless, the cluster-
adjusted IRR indicates a 22% reduction in the
exposure-adjusted LLI IIR in the NMC group, compared with
control players. The cluster-adjusted knee injury IRR was mar-
ginally not significant and indicated that knee injury rates were
50% lower in the NMC group, compared with control players.

For each injury category, the cluster adjustment led to smaller
IIRs, in favour of the NMC intervention. However, CIs around
them were larger, justifying the need for cluster adjustment. The
observed overall rate of injuries, and the proportion of injuries
that were to the knee, were both lower than what was used to
justify the sample size calculations in the initial study protocol.
For this reason, table 3 also includes post hoc power calculation
for each of the cluster-adjusted IRRs.

DISCUSSION
This is the first study to report the effect of a targeted exercise
programme on reducing injuries in game-related adult, male,
community AF players. A lower, but not statistically significant,
rate of knee injury and LLI overall was observed in players allo-
cated to a specific programme of NMC training exercises com-
pared with those allocated to a standard-practice sham exercise
programme. Players who undertook the NMC programme had
a 22% reduction in LLI rates and a 50% reduction in knee
injury rates, when adjusted for exposure and clustering. These
are important and highly clinically relevant outcomes given the
frequency and associated costs of LLI arising from AF games,
and the priority needs for prevention.9 With growing evidence

Table 1 Number of clubs, teams and players allocated to study
arms in the PAFIX clustered randomised controlled trial

Intervention arm
(neuromuscular
control programme)

Control arm
(sham programme)

Number of clubs 9 9
Number of teams 38 59
Number of teams by grade*
Seniors 27 33
Reserves/Colts 11 26

Number of players 679 885

*Grade refers to the level of competitive play. ‘Seniors’ being a better standard of
playing competition and ‘Reserves/Colts’ being a lower level standard. In Reserves/
Colts, players tend to be slightly younger than players in Seniors teams. (Colts is an
under 19 years competition in one region—but only those 18+ years are included in
this trial, as per the protocol inclusion criteria).
PAFIX, Preventing Australian Football Injuries through Exercise.
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of the effectiveness of targeted exercise training programmes for
injury prevention in other sports, this study provides the first
support for such programmes in men’s community AF.

The NMC programme was associated with improved LLI and
knee injury rates. There was no significant difference in the
all-injury rate across the two trial arms. This was to be expected
as the exercise components and the PAFIX trial were specifically
designed to address knee injury rather than all types of injury.15

Since the PAFIX trial was first designed, it has become apparent
that the same intervention exercise programme components
could potentially reduce the risk of all LLIs, not just knee injur-
ies.3 For this reason, this paper considers the rate reductions in
both groups of injury types.

The injury patterns reported in this study are generally con-
sistent with those reported in previous studies of men’s AF with
the most frequent injured body parts being the upper leg/thigh
and knee.9 10 However, the proportion of all injuries to the knee
was lower than that expected when the study sample size calcu-
lations were made (12% of all observed injuries, compared with
the anticipated 33%). Post hoc power calculations indicate that
the study was underpowered for all comparisons, but least so for
the comparison of knee injury rates. Nonetheless, the observed
reductions in knee injuries are highly significant from a clinical
sports medicine point of view and have important implications
for the design of future exercise training programmes in AF.

A number of features of injury prevention programmes influ-
ence injury outcomes and these can vary according to the parti-
cipants of the study (eg, sex, age, level of play).21 22 Most
previous trials of the benefits of injury prevention exercise pro-
grammes in sport have been undertaken in female youth partici-
pating in soccer,23 24 with just a few focused on adult male
participants at a community (non-elite) level.6 22 It is important
to establish effectiveness in specific participant populations such
as men as they comprise the majority of participants in many
sports and certainly in AF. The current study adds new evidence
about the effectiveness of injury prevention programmes in male
community sports participants.

It is important for players to be compliant with prevention
programmes for them to reduce injury rates.25 26 Given that
many players in PAFIX did not train regularly and most did not
attend the two weekly sessions intended as part of the pro-
gramme,27 the ITT assessment of reduction in LLI rates in
games is likely to have underestimated the true effect of the
NMC programme. It is possible that a stronger intervention
effect might have been identified if we had employed a per-
protocol analysis28 and this will be of interest in future work.
While the frequency of exposure to the training programme
could be quantified,27 the quality of the actual exercise perform-
ance and programme fidelity were not formally measured.
Ideally, frequency and quality of training should be captured,
and linked to the injury outcomes, to provide stronger evidence
of a connection between players who train, those who train well
and players who do or do not get injured.29

Injury prevention programmes should have specific compo-
nents or exercises that effectively target LLI, including knee

Table 2 Proportion of game injuries by body region in players in
the PAFIX clustered randomised controlled trial by study arm

Proportion of injuries by body
region*

Study arm

All players
n=773
injuries

NMC arm
n=335
injuries

Control arm
n=438
injuries

Lower limb total† 50.2 46.3 53.2
Upper leg 17.2 15.8 23.9
Knee 12.0 9.6 13.9
Lower leg 8.2 4.8 10.7
Ankle/foot/toes 12.8 16.1 10.3

Head/neck total† 17.9 23.3 13.7
Head and neck 7.1 8.7 5.9
Face/teeth/mouth 10.7 14.6 7.8

Upper limb total† 17.5 14.0 20.1
Shoulder/upper arm/elbow/lower
arm

9.7 9.6 9.8

Hand/finger 7.8 4.5 10.3
Trunk total† 14.2 15.8 13.0
Trunk/abdomen/chest/back/glutes 8.9 9.9 8.2
Groin/Hip 5.3 6.0 4.8

Other 0.3 0.6 0.0

*Proportion of total game injuries for all players or by study arm.
†May differ from grouped totals presented due to rounding.
NMC, neuromuscular control; PAFIX, Preventing Australian Football Injuries through
Exercise.

Table 3 Comparison of game related injury rates in the NMC intervention and sham (control) PAFIX trial groups

Number
of injuries

Number of
hours spent
in games

IIR per 1000 game hours
(95% confidence limits)*

IRR
(95% confidence limits)
unadjusted for clustering
effects

Intraclass
correlation

Cluster-adjusted
IRR (95% confidence
limits)

Post hoc power for
the cluster-adjusted
IRR

All injuries
NMC 335 12 790 26.2 (23.5, 29.2) 0.93 (0.81, 1.07)

p=0.31
0.0117 0.92 (0.68, 1.23)

p=0.57
9%

Control 438 15 537 28.2 (25.6, 31.0)
All 773 28 327 27.3 (25.4, 29.3)
Lower limb (knee, ankle, lower leg and thigh)
NMC 151 12 790 11.8 (10.0, 13.8) 0.80 (0.65, 0.99)

p=0.038
0.0007 0.78 (0.56, 1.08)

p=0.14
45%

Control 228 15 537 14.7 (12.8, 16.7)
All 379 28 327 13.4 (12.1, 14.8)
Knee
NMC 32 12 790 2.5 (1.7, 3.5) 0.65 (0.42, 0.99)

p=0.046
0.0132 0.50 (0.24, 1.05)

p=0.07
60%

Control 60 15 537 3.9 (2.9, 5.0)
All 92 28 327 3.2 (2.6, 4.0)

IRR, injury incidence rate; NMC, neuromuscular control; PAFIX, Preventing Australian Football Injuries through Exercise.
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injuries, commonly seen in the sport.22 Our NMC programme
was designed based on detailed knowledge of the LLIs sustained
in men in AF,8 9 15 mechanisms for some of these LLIs (eg,
anterior cruciate ligament injuries (ACL)30–35), and training
measures that successfully addressed the mechanisms in labora-
tory based RCTs.36–38 The intervention design also borrowed
from previous studies that have been shown to be effective in
preventing knee injuries specifically and LLIs in general.39–41 As
a result, the specific components of the programme were well
targeted for the target population and could be readily adopted
in community AF training sessions.17 24 The developed NMC
programme also has the potential to be transferable to other
sports requiring change of direction, balance and landing tasks
as skills to reduce injury risk.21 39–41

In addition to high reliability and completeness of data collec-
tion,19 this cRCT has a number of other strengths. The group
randomisation covered multiple clubs in different geographical
locations that are representative of players in community AF.
Injury rates are known to vary at different times of the season
so data were collected over the entire preseason and playing
season. Community AF players often join or leave a club at any
stage so our criteria allowed inclusion up to 13 weeks, covering
the preseason and start of the competition season, to enable
time for players to be included in the trial, whether it was the
NMC or the control arm. Injury rates were calculated on a per
exposure basis, thereby accounting for players who were not
present at every game or training session and, as such, did not
contribute to the group of players at risk of injury. Allocation to
the NMC and the control trial arms was blinded to PDCs,
players, data coders and data analysts. This means that the
PAFIX cRCT was as close as possible to a true double-blind
trial, which is seldom reported in sports injury prevention
studies. Finally, this study has adopted a very high standard of
methodological reporting and analysis, which demonstrates the
need to cluster-adjust results and report post hoc power
calculations.

A limitation of this study is that the preseason baseline survey,
aimed at collecting player characteristic information (eg, playing
history, level of play, age and previous injury history), was only
administered to, and completed by, around 50% of players. This
was the only time where date of birth was recorded, so players’
were excluded from the analysis when their age could not be
confirmed. Likewise, comparison of pre-existing injuries was
available only for the same, non-random subset of players.
Although there is a lack of baseline data concerning the players’
general health and injury history, the wide sampling of players
from 18 teams in two different states means that the included

players are likely to be an accurate representation of AF players
in community leagues across Australia.

In conclusion, this ITT analysis indicates that clinically rele-
vant reduced knee injury and LLI rates can be achieved through
targeted exercise training programmes in men’s community AF.
The results should be considered alongside a range of additional
issues including player compliance with the programme, since
the preventive effect of the current programme was probably
affected by low rates of programme reach and adoption.27

However, this study adds value to the growing evidence in
support of targeted exercise training programmes for injury
reductions in community level sport.
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Appendix 1. CONSORT 2010 checklist of information to include when reporting a cluster randomised trial applied to the “Preventing Australian football injuries with a targeted 
neuromuscular control exercise program: comparative injury rates from a training intervention delivered in a clustered randomised controlled trial” 

CONSORT 2010 
Section/Topic 

Item 
number 

CONSORT 2010 Checklist item Item addressed: Yes () or no () 
Where to find information* 

Title and abstract 

 1a Identification as a cluster randomised trial in the title  title 

1b Structured summary of trial design, methods, results, and conclusions for cRCTs  abstract 

Introduction 

Background and 
objectives 

2a Scientific background and explanation of rationale for using a cluster design  refer to protocol paper 

2b Whether objectives pertain to the cluster level, the individual participant level or both  refer to protocol paper and results section 

Methods 

Trial design 3a Description of trial design including allocation ratio and definition of cluster and description of how the 
design features apply to the clusters 

 refer to protocol paper 

3b Important changes to methods after trial commencement, with reasons  refer to protocol paper and appendix 2 

Participants 4a Eligibility criteria for clusters  refer to appendix 2 

4b Settings and locations where the data were collected  refer to protocol paper 

Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they 
were actually administered. Whether interventions pertain to the cluster level, the individual participant level 
or both 

 refer to appendix 2 

Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they 
were assessed. Whether outcome measures pertain to the cluster level, the individual participant level or 
both. 

 refer to appendix 2 

6b Any changes to trial outcomes after the trial commenced, with reasons no change 

Sample size 7a How sample size was determined. Method of calculation, number of clusters(s) (and whether equal or 
unequal cluster sizes are assumed), cluster size, a coefficient of intracluster correlation (ICC or k), and an 
indication of its uncertainty 

 refer to  protocol paper and results paper 

7b When applicable, explanation of any interim analyses and stopping guidelines n/a 

Randomisation:    

Sequence generation 8a Method used to generate the random allocation sequence  refer to  appendix 2 



CONSORT 2010 
Section/Topic 

Item 
number 

CONSORT 2010 Checklist item Item addressed: Yes () or no () 
Where to find information* 

8b Type of randomisation; details of any restriction. Details of stratification or matching if used.  refer to  appendix 2 

Allocation 
concealment 
mechanism 

9 Mechanism used to implement the random allocation sequence, describing any steps taken to conceal the 
sequence until interventions were assigned. Specification that allocation was based on clusters rather than 
individuals and whether allocation concealment (if any) was at the cluster level, the individual participant level 
or both. 

 refer to  appendix 2 

Implementation 10a Who generated the random allocation sequence, who enrolled clusters, and who assigned clusters to 
interventions 

 refer to protocol paper and appendix 2 

 10b Mechanism by which individual participants were included in clusters for the purposes of the trial (such as 
complete enumeration, random sampling) 

 refer to  protocol paper and appendix 2 

 10c From whom consent was sought (representatives of the cluster, or individual cluster members, or both), and 
whether consent was sought before or after randomisation 

 refer to  protocol paper and appendix 2 

Blinding 11a If done, who was blinded after assignment to interventions and how  refer to  protocol paper 

11b If relevant, description of the similarity of interventions n/a 

Statistical methods 12a Statistical methods used to compare groups for primary and secondary outcomes. How clustering was taken 
into account. 

refer to  protocol paper and methods 
section 

12b Methods for additional analyses, such as subgroup analyses and adjusted analyses  refer to  protocol paper and methods 
section 

Results 

Participant flow (a 
diagram is strongly 
recommended) 

13a For each group, the numbers of clusters that were randomly assigned, received intended treatment, and 
were analysed for the primary outcome 

 refer to  appendix 2, results section and 
figure 1 

13b For each group, losses and exclusions for both clusters and individual cluster members  refer to  appendix 2, results section and 
figure 1 

Recruitment 14a Dates defining the periods of recruitment and follow-up  refer to methods section 

14b Why the trial ended or was stopped n/a 

Baseline data 15 A table showing baseline demographic and clinical characteristics for each group. Baseline characteristics for 
the individual and cluster levels as applicable for each group 

 refer to results section  and tables 1 and 2 

Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was 
by original assigned groups. For each group, number of clusters included in each analysis 

 refer to results section 

Outcomes and 
estimation 

17a For each primary and secondary outcome, results for each group, and the estimated effect size and its 
precision. Results at the individual or cluster level as applicable and a coefficient of intracluster correlation 

 refer to methods and results tables 3 and 
4 



CONSORT 2010 
Section/Topic 

Item 
number 

CONSORT 2010 Checklist item Item addressed: Yes () or no () 
Where to find information* 

(ICC or k) for each primary outcome 

17b For binary outcomes, presentation of both absolute and relative effect sizes is recommended  refer to methods and results 

Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing 
pre-specified from exploratory 

n/a 

Harms 19 All important harms or unintended effects in each group  there were no unintended harms 

Discussion 

Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses  refer to discussion section 

Generalisability 21 Generalisability of the trial findings. Generalisability to clusters and/or individual participants (as relevant)  refer to discussion section 

Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence  refer to discussion section 

Other information  

Registration 23 Registration number and name of trial registry n/a 

Protocol 24 Where the full trial protocol can be accessed, if available  protocol paper clearly referenced in 
relevant text 

Funding 25 Sources of funding and other support, role of funders  funding sources provided 

*Protocol paper available at: Finch CF, Lloyd DG, Elliott BC. The Preventing Australian Football Injuries with Exercise (PAFIX) Study: a group randomised controlled trial. Inj Prev 
2009;15:e1. 



APPENDIX 2: AMENDMENTS TO STUDY PROTOCOL 

Preventing Australian football injuries with a targeted neuromuscular control exercise 

program: comparative injury rates from a training intervention delivered in a clustered 

randomised controlled trial 

INTRODUCTION 

The protocol for the Preventing Australian Football Injuries through eXercise (PAFIX) study 

was published in Injury Prevention in 2009.[1] That paper described the aims, study design 

and methodology of the study, which was designed according to the CONSORT statement 

for the conducting and reporting of randomised controlled trials.[2] This appendix provides 

an update to key features of the protocol since it was published in Injury Prevention.[1] This 

includes the provision of more information, such as explicit inclusion and exclusion criteria, 

and procedural changes. These changes were necessary because the real-world community 

sporting setting for the study posed some challenges that needed to be addressed in the 

conduct of this effectiveness trial. Where appropriate, the changes are indicated according to 

the CONSORT 2010 statement.  

 
ITEM NUMBER 4A: ELIGIBILITY 

The original protocol paper [1] did not include specific eligibility criteria. These are outlined in 

the methods of the main paper and detailed in full here.  

Players were eligible to be included in the final cRCT if: 

a) they were formally registered to play for one of the teams participating in the trial, 

irrespective of how many games they subsequently played during the season; 

b) they were confirmed as being aged at least 18 years by the last week of February in the 

calendar year in which they were recruited. The initial protocol stated that players would be 

over the age of 16 years. However, due to the practical consideration of it being near-to-



impossible to ensure even a satisfactory return of informed consent forms from 

parents/guardians of players aged 16-17 years, the ethics approval only allowed follow-up 

and maintenance of records on players over the age of 18 years. Player age was determined 

from the information provided on the player baseline surveys and the date of 28th February 

of each recruitment year was taken as the age cut-off to coincide with the period of 

intervention delivery at the start of the pre-season; and 

c) they attended at least one training session during the first 13 weeks of the program, which 

covered the 8-weeks pre-season and the first 5-weeks into the playing season. This was to 

ensure that i) each player had some exposure to the intended intervention and so could be 

include in the intention-to-treat analysis and ii) that the outcomes were assessed against the 

period of expected intervention fidelity. For example, some players played their first game for 

the participating team in week 25 of the 28-week season but had not attended any games or 

training prior to that point and so were not considered as being formally recruited to the trial. 

Players were excluded from the final trial data set if: 

a) they played for a Colts team (in the Western Australian cohort), which includes players 

aged 17-19 years, but it was not able to be confirmed that they were over the age of 18 

years because they did not complete the baseline player demographic  survey (n=137 

players); and 

b) they attended no training sessions - either during the pre-season or during the season. By 

definition, none of these players was exposed to the PAFIX program, nor could they 

contribute to any of the risk factor assessment, because they did not attend training at all (n= 

189 players). 

Players were not excluded if they were registered for the trial but attended no game/training 

sessions during the season, but such players contributed nothing to the calculation of in-

season injury outcomes during games (the main measure) because there was no outcome 



measure able to be reported for them in terms of hours of exposure to risk of injury 

outcomes. By definition they sustained zero match injuries because they played zero games.  

ITEM 5: INTERVENTION 

Full details of the specific intervention details have been published [3]. However, there were 

some changes to what was stated in the initial protocol. These included: 

a) videotaping and analysing of player movement using Silicon Coach software were not 

undertaken as this was considered far too cumbersome to implement in practice. This meant 

that the planned feedback to the players through this means was not undertaken. However, 

the PDC were trained to assess and provide feedback on whether a certain training drill was 

not performed as designed; and 

b) the aerobic steps, tilt boards, square wobble boards and roller boards were not used. 

They were replaced with mini hurdles. Other equipment remained unchanged, e.g. round 

wobble boards, mini trampolines etc. 

ITEM 6A: OUTCOMES 

The following changes were made to the biomechanical, neuromuscular and mobility 

outcome measures:  

a) Laboratory tests followed the general protocol presented previously,[1] with some small 

changes to outcome measures. The measures examined from the players performing cutting 

and landing tasks in response to a light stimulus now entailed: i) peak knee flexion during 

weight acceptance phase (the period from initial foot contact to 30ms post contact); ii) range 

of knee flexion in weight acceptance phase; iii) position and movement of the trunk and 

pelvis position relative to foot; iv) knee joint mean flexion, peak valgus, and peak internal 

rotation moments in weight acceptance; and v) patterns of hamstrings, quadriceps and 

gastrocnemii muscle activation and co-contraction in weight acceptance; [4-6] 



b) Measures from other neuromuscular laboratory tests were i) isometric hip extension, 

flexion, abduction and adduction strength; ii) isokinetic knee extension and flexion strength; 

iii) standing balance; and iv) greatest jump height from two maximum effort counter 

movement jumps; 

c) The battery of laboratory tests was performed on three to four players randomly selected 

from each team in the cRCT arms in Perth only. The tests were performed before 

commencement or in the first week of training and again half way into the season; 

d) In-field neuromuscular and mobility tests were performed in both WA and VIC. These 

were: i) isometric lower-body strength; ii) single leg standing balance; iii) reactive agility test; 

iv) change of direction test, and v) sprint test.  In 2007, these tests were conducted three 

times throughout the season, with the exception of the isometric strength test, which was not 

performed in the middle test session. However, in 2008 these tests were conducted only two 

times throughout the season since testing often went longer than anticipated in 2007 

resulting in there been overlap of testing sessions two and three. Testing session one was 

performed at the start of the season the final test session was conducted towards the end of 

the season. The exact timing of these test sessions was impacted upon by factors such as 

player/team availability, and weather. For example, the testing was conducted outdoors so 

inclement weather often meant testing had to be rescheduled; and  

f) it was determined that the penetrometer was no longer the most appropriate device for 

measuring ground hardness and so the objective measures of ground hardness were 

collected using a 2.25 kg Clegg hammer at a purposive sample of grounds on a weekly 

basis during each season.[7] In addition, a subjective checklist on the condition of the 

ground was completed by the Primary Data Collectors (PDC) at every game throughout the 

two seasons.  

ITEMS 8A AND 8B: RANDOMISATION SEQUENCE ALLOCATION 

This detail was not provided in the initial protocol paper.[1] The PAFIX trial was a group 



clustered randomised trial with randomisation at the level of a club, so that all teams (and 

their members) would be allocated to the same intervention arm. At the start of each season, 

the names of the nominated clubs (with all relevant senior and reserve teams nested within a 

sampling unit) were provided to a statistician who was independent to the design and 

conduct of the study. Not every club had the same number of teams, but randomisation was 

based on clubs, with some consideration given to balancing the overall numbers of teams 

allocated to each study arm. Using a simple random number generator, the same statistician 

allocated nominating clubs/teams to each study arm in each of 2007 and 2008, separately. 

ITEM 9: RANDOMISATION ALLOCATION CONCEALMENT MECHANISM 

This detail was not fully provided in the initial protocol paper.[1] The PAFIX RCT was unable 

to be fully blinded because the nature of the “active” neuromuscular control intervention 

being trialled was different to that of the control or “sham” intervention group. Only the two 

project managers working with the teams were aware of which club was allocated to which 

study arm, so they could allocate each primary data collector (PDC) to the appropriate 

intervention arm. The three major study chief investigators, data managers and statisticians 

were blinded to the nature of the study arm allocation until after the analysis was completed, 

although they could differentiate the two groups. A PDC was appointed to each team to 

deliver the interventions, record all injury and exposure data, to assist with the physical 

testing of players. Importantly the PDC’s were not informed of the nature of the particular 

study arm to which they were allocated or any details of the other study arm’s program. Each 

PDC was required to attend a two-day training session and these training sessions were 

held separately for the PDCs from different study arms, so as not to contaminate information 

from one group to another. Finally, no player in any of the teams knew which study arm they 

were allocated to. 

ITEM 10: RANDOMISATION IMPLEMENTATION 

Full details of this were not provided in the initial study protocol.[1] The project managers 

were responsible for initially recruiting all clubs (and their teams) to the study. All clubs (and 



their nominated teams) were told that they would be randomly allocated to one of two study 

arms and that they would receive an exercise training intervention that would be slightly 

different depending on which study arm they were randomised too. The independent 

statistician responsible for the randomisation provided the study arm allocation to the two 

state-based project managers who then informed the clubs about the intervention that would 

be delivered to their teams. Within their respective states, the project managers and their 

appointed research assistants, recruited players from each of the randomised teams during 

training sessions during the usual football club pre-season period. This recruitment was 

continued during the 8-week pre-season period and the first four weeks of the playing 

season. The players were only informed that their club/team had agreed to be part of the 

study and told about the exercise program to be delivered through their club. 

ITEM 13A: PARTICIPANT FLOW 

All players who were approached gave their informed consent to participate in the study. 

One player later withdrew their consent to be included in the study for reasons unrelated to 

the intervention itself, but in response to an action on the part of their coach.  

Some players played for more than one team within a club across the season. The 

seniors/reserves players were considered as a single block for intervention delivery and 

randomisation because they trained together. For analysis purposes, players were allocated 

to the team where they played most of their games when this information was provided.  

ITEM 14A: RECRUITMENT 

The dates defining the periods of recruitment and follow-up are shown in Figure A1. This 

figure also outlines the periodisation plan for the intervention delivery. There were some 

minor differences in the timing of the trial start in the two states. For example, in 2007, 

extreme drought conditions affected the overall length of the playing season in Victoria and 

the pre-season starting dates. Players were actively recruited into the study during the Pre 1, 

Pre 2 and In1 periods.  



ITEM 25: FUNDING 

In addition to the National Health and Medical Research Council (NHMRC) Project Grant 

Funding mentioned in the study protocol,[1] this study received additional funding support 

from the Western Australian Medical Health and Research Infrastructure Fund, the 

University of Western Australia Research Grants Scheme, and from NHMRC equipment 

grant funding at both the University of Ballarat and the University of Western Australia. 

OTHER 

The published protocol [1] contains an error in terms of its ethics statement. The correct 

ethics statement should read that the PAFIX study received ethical approval from the 

University of Ballarat Human Research Ethics Committee and the University of Western 

Australia Research Ethics Committee.   



 

Figure A1: Intervention delivery plan and timing of outcome assessments in 2007 and 2008 
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