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ABSTRACT
The primary aim is to assess the impact of a 
multidomain intervention that integrates education, 
exercise, psychological techniques and machine 
learning feedback on the duration athletes remain 
free from injury complaints leading to participation 
restriction (ICPR) during a 20- week summer competitive 
athletics season. The secondary aims are to assess the 
intervention’s effect on reducing (i) the incidence, (ii) the 
burden, (iii) the period prevalence and (iv) the weekly 
prevalence of ICPR during the same timeframe. We will 
perform a two- arm randomised controlled trial. This 
study will involve an intervention group and a control 
group of competitive athletes licensed with the French 
Federation of Athletics, aged between 18 and 45, over an 
outdoor athletics competitive season lasting 20 weeks 
(March to July 2025). Data will be collected before the 
start (demographic, training and injury history) and 
one time per day (training and competition volume/
intensity, perceived physical and psychological state, 
and illness and injury incidents) for both groups. The 
intervention group will be required to (i) view a series of 
12 educational videos on injury prevention, (ii) engage in 
discipline- specific exercise programmes, (iii) implement 
stress and anxiety management techniques and (iv) 
view daily the injury prognostic feedback generated by 
the athlete’s collected data based on machine learning. 
Outcomes will be analysed over the final 14 weeks of 
follow- up to allow time for the intervention to establish 
any potential efficacy. The primary outcome will be the 
time- to- event for each ICPR. Secondary outcomes will 
include (i) incidence, (ii) burden, (iii) period prevalence 
and (iv) weekly prevalence of ICPR. The primary 
outcome will be analysed using a Prentice–Williams–
Peterson gap- time model. In contrast, the secondary 
outcomes will employ Poisson (i, ii), logistic (iii) and 
generalised estimating equations (iv) regression models, 
respectively.

INTRODUCTION
In athletics (track and field), over half of 
athletes sustain at least one injury during 
a season, which can impact participation,1 
performance,2 3 career length4 and athletes’ 
health.1 Therefore, strategies to reduce injury 
risk are essential to lower the injury’s proba-
bility, severity and/or consequences. To our 
knowledge, only two randomised controlled 
trials (RCTs) have been published that 
evaluate injury risk reduction strategies in 
athletics: an exercise- based programme5 and 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Strategies to reduce the risk of injury are essential 
for decreasing the likelihood, severity and conse-
quences of injuries in athletics.

 ⇒ Strategies for reducing injury risk should be devel-
oped using a holistic approach that reflects the com-
plex aetiology of sports injuries.

 ⇒ Different injury risk reduction strategies, such as 
education, exercises, psychological techniques and 
machine learning- based injury prognostic feedback, 
have been researched, but each one in isolation.

WHAT THIS STUDY ADDS
 ⇒ This protocol for a randomised controlled trial de-
velops a multidomain unsupervised intervention 
consisting of education, exercises, psychological 
techniques and injury prognostic feedback based on 
machine learning, following the complex aetiology 
of injuries.

 ⇒ This study hypothesises that the proposed multi-
domain intervention will reduce injury risk in ath-
letics athletes over a 20- week summer competitive 
season.
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an educational programme.6 Consequently, there is a 
need to continue developing injury risk reduction strate-
gies in athletics and assessing them through RCTs.

The development of effective injury risk reduction 
strategies requires the understanding of the aetiology of 
injuries.7 In the last decade, there has been a paradigm 
shift in the research of sports injury causality, from iden-
tifying single risk factors8 9 to investigating the additive 
risk accumulation of multiple risk factors,10 and finally to 
acknowledging the complexity of a system of factors that 
interact with each other and jointly influence the injury 
risk.11–13 This implies that injury risk reduction strategies 
should be developed following a holistic approach corre-
sponding to sports injuries complex aetiology.14

However, to our knowledge, research studies on injury 
risk reduction strategies in any sport have yet to apply 
a holistic approach. Despite many different injury risk 
reduction strategies being investigated in sports,15 each 
has been evaluated in isolation, encompassing educa-
tion,6 16 exercise- based programmes5 17 and psychological 
techniques.18 19 Concurrently, with the rapid advance-
ments and widespread adoption of artificial intelligence 
(AI), particularly machine learning (ML) techniques, 
injury prognostic feedback (IPF) through ML modelling 
could also form part of a holistic injury risk reduction 
strategy.20 21

In this context, we hypothesised that providing 
athletes with a multidomain unsupervised intervention 
that integrates education, exercise- based programmes, 
psychological techniques and IPF delivered via a website 
reduces the risk of injury during a summer competitive 
season in athletics, compared with standard athletics 
activities. While analysing the effect of each component 
of such a multidomain strategy individually may be suit-
able for accurately estimating their exposure- outcome 
relationship, this approach fails to fully capture the 
complexity of the injury problem.11 12

OBJECTIVES
Given that various epidemiological metrics can indicate 
the injury risk within a population,22 we will evaluate 
our hypothesis through multiple, hierarchically ordered 
objectives.

The primary objective will be to assess the impact of the 
multi- domain intervention on the duration that athletes 
stay free from injury complaints leading to participation 

restriction (ICPR) during a summer competitive season 
in athletics.

The secondary objectives are to assess the impact of the 
multidomain intervention during a summer competitive 
athletics season on:
1. The total number of ICPR sustained by athletes per 

1000 hours of athletic activity (ie, incidence);
2. The total time (in days) of athletes with ICPR per 

1000 hours of athletics activity (ie, burden);
3. The overall proportion of athletes sustaining at least 

one ICPR (ie, period prevalence);
4. The weekly proportion of athletes sustaining at least 

one ICPR (ie, weekly prevalence).

METHODS
Study design and overall procedure
We will conduct a RCT, titled Injury risk Reduction in 
Athletics through Integration (I- ReductAI) of education, 
exercise- based programmes, psychological techniques 
and ML feedback, over one competitive athletics (track 
and field) outdoor season lasting 20 weeks, from March 
2025 to July 2025. This competitive period is crucial for 
athletes to remain injury- free. The study will be divided 
into a 6- week intervention and data collection period, 
followed by a 14- week phase dedicated to statistical anal-
ysis, during which the intervention and data collection 
will continue. This study will involve competitive athletes 
registered with the French Federation of Athletics 
(Fédération Française d’Athlétisme (FFA), https://
www.athle.fr). The flowchart of the study is illustrated in 
figure 1.

The study protocol was reviewed and approved by the 
Committee for the Protection of Persons (Comité de 
protection des personnes Ouest VI n° 2024- A02281- 46). 
This study protocol is reported following the Standard 
Protocol Items: Recommendations for Interventional Trials 
involving Artificial Intelligence guidelines.23

Trial registration number
It is registered on  ClinicalTrials. gov (https://clinical-
trials.gov, Identifier: NCT06805162).

Patient and public involvement
There was no direct patient or public involvement in the 
design and development of the study protocol. However, 
most co- authors are athletes and routinely work as physi-
cians, physiotherapists or coaches within the athletics 
community. Additionally, the conception and develop-
ment of the study’s intervention were informed by an 
online survey on athletes’ preferences concerning injury 
prevention education24 and another study on athletics 
stakeholders’ perceptions regarding injury prevention.25

Equity, diversity and inclusion statement
All FFA- licensed athletes will be eligible and may be 
included in this study without any restrictions based on 
gender, race/ethnicity/culture, socioeconomic status 
or representation of marginalised groups. The only 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ This protocol presents a comprehensive approach to developing 
strategies for preventing sports injuries.

 ⇒ This protocol boasts several methodological strengths related to 
the statistical analysis of injury risk data, which are not yet widely 
adopted in sports medicine.

 ⇒ The results of this study can directly impact current injury preven-
tion practices in athletics and lay the foundation for developing 
multi- domain injury risk reduction strategies in other sports.
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restrictions will be age (between 18 and 45 years) and 
country (France). The research team comprises four 
junior and five senior researchers, including two women 
and seven men, from various disciplines (medicine, 
sports medicine, physical medicine and rehabilitation, 
exercise physiology, physiotherapy, psychology, sports 
science, sports epidemiology, data science, statistics and 
research methodology) and four different countries in 
Europe (France, Germany, Greece and Spain).

Population recruitment and inclusion and exclusion criteria
The recruitment and inclusion period will occur from 
3 February 2025 to 2 March 2025 (4 weeks). The FFA 
will distribute information regarding this study through 
individual emails to their licensed athletes and athletics 
clubs and via their website and social media platforms. 
These emails will contain an invitation for individual 
participation in this study, along with a description of the 
study’s purpose and procedure, participation rights, an 
information letter and a link to register on the website 
application (IPrevApp, https://iprevapp.emse.fr). Once 
registered, athletes must complete an eligibility survey 
(see the inclusion criteria below). If deemed eligible, 
they must provide their free, informed and immediate 
consent by clicking on ‘I want to participate in this study’.

The inclusion of athletes will be based on the following 
criteria: athletes must (i) be licensed at the FFA for compe-
tition in sprints, hurdles, jumps, throws, combined events 
or endurance disciplines, without any contraindications 
for competitive athletics activity attested by the license at 
the FFA; (ii) be aged between 18 and 45 years old; and 
(iii) have daily access to a digital device (smartphone, 

computer, tablet) with a network connection (public or 
private). We will not exclude athletes based on their base-
line injury status and history.5 20 Athletes will be excluded 
if they are deprived of liberty, subject to legal protection 
(guardianship, curatorship, legal protection) or are preg-
nant.

Materials
The recruitment, intervention and data collection will 
be done through an online website (IPrevApp, https:// 
iprevapp.emse.fr) accessible via mobile and computer 
devices. The website will be hosted on a local host server, 
AlmaLinux V.8.6 (Sky Tiger), with a database (MariaDB 
V.10.8.8).

Randomisation, allocation and blinding
A random allocation sequence will be generated before 
the start of the recruitment phase to assign athletes to 
the intervention and control groups with a 1:1 allocation 
ratio. As new eligible athletes are added, each will be allo-
cated to one of the groups by matching their order of 
registration to the allocation sequence. Athletes will be 
informed about their allocation group on 2 March 2025. 
At the end of the study, if the intervention is deemed effi-
cacious, athletes of the control group will have full access 
to it.

The research team will be unaware of the allocation 
for each participant, apart from one investigator respon-
sible for the allocation process, who will not participate 
in the statistical analysis. Given the nature of the inter-
vention, the participating athletes will not be blinded to 

Figure 1 The Injury risk Reduction in Athletics through Integration (I- ReductAI) study timeline and flowchart. FFA, French 
Federation of Athletics.
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their allocation. There will be no face- to- face interaction 
between the research team and the athletes.

Data collection
The athletes will self- report all collected data through 
questionnaires on the study website. From 2 March 2025, 
included athletes will be requested to complete a base-
line questionnaire about their characteristics: sex, date 
of birth, height, body mass, primary athletics discipline, 
number of years practising athletics, average weekly 
hours of athletics and non- athletics sport activity, their 
illness and injury history during the winter period of 
the 2024–2025 athletics season and their mental health 
status using the sports mental health assessment tool- step 
1 (SMHAT- 1),26 developed by the International Olympic 
Committee (table 1).

During the 20- week follow- up period (from 3 March 
2025 to 21 July 2025), all athletes will be asked to complete 
a daily questionnaire each evening, in which they will 
provide information about their athletic activity (ie, dura-
tion and intensity), psychological state (ie, motivation, 
stress, anxiety), physiological condition (ie, fatigue), 
sleep patterns (ie, duration and perceived quality), and 
any illnesses or injuries occurring on the same day (see 
table 1). Completing each daily questionnaire will take 
approximately 1 min and will be available on the study 
website from 15:00 on the same day for the following 72 
hours. After this period, any incomplete questionnaires 
will be regarded as missing data. The individual response 
rate will be calculated as the ratio of completed daily 
questionnaires to the total number of questionnaires 
expected (n=140).

For secondary analyses beyond this study’s objectives, in 
the last week of the follow- up, athletes from both groups 
will be asked to complete again the SMHAT- 1 question-
naire and a short questionnaire about sociocognitive 
aspects that might be related to the adoption of injury 
risk reduction programmes inspired by Ruffault et al.27

A detailed form of all questionnaires is presented in 
the online supplemental file 1.

Intervention
The intervention will be accessible via the study website. 
The intervention group will be asked to engage with all 
components of the multi- domain intervention for 20 
weeks, while the control group will continue their regular 
athletic activities, without any access to the multi- domain 
intervention. Each component of the intervention is 
detailed below.

Education
A series of 12 short videos (2–3 min each) will be available 
on the study website. These videos will cover various topics 
related to injury prevention in athletics: the anatomy of 
frequently injured areas, definitions and pathophysiology 
of injuries, injury epidemiology, risk factors for injury, 
strategies for injury risk reduction and injury manage-
ment. The videos will be designed to be accessible to an 

audience without specialised knowledge in health and 
medicine. Athletes in the intervention group can adjust 
their practice according to the information provided in 
the videos. They will not receive individual recommen-
dations on how to manage injury risk. Therefore, the 
responsibility for injury risk management will rest solely 
with them. Access and viewing time for each video will be 
monitored. Whenever a video is accessed and viewed for 
at least 50% of its total length, it will automatically count 
as one completed session for this intervention compo-
nent. Athletes may complete more than one session daily 
and can watch the same session multiple times.

Exercise-based programmes
The research team have selected a collection of 30 exer-
cises aiming at improving the flexibility, stability and/
or strength of the most frequently injured anatomical 
locations in athletics1 based on available published5 and 
anecdotal evidence from practitioners. Each exercise has 
two levels of difficulty (easier or harder). Since injury 
patterns differ between disciplines,1 28 we have created 
three specific programmes in the form of videos for each 
of the five discipline groups (sprints/hurdles, jumps, 
throws, combined events and endurance events including 
middle/long distances, road/trail running and race 
walking). Each programme is available in two difficulty 
levels and consists of seven exercises. Each programme 
is approximately 7 to 10- min long. The athletes in the 
intervention group will only have access to the three 
programmes specific to their discipline, which will be 
determined according to what athletes reported in their 
baseline questionnaire. The programmes will be available 
at any time throughout the day. Athletes will receive no 
individual guidance on how to perform the programmes 
(eg, location, time of the day, frequency of sessions per 
week, and selection between easy and hard sessions). 
However, athletes will be informed through the educa-
tion component of the intervention that they should 
perform an exercise- based programme at least two times 
per week and decide between easy and hard programmes 
based on their capabilities and their usual athletics activ-
ities. The access and watching time of each video will be 
tracked. Whenever a video is accessed and watched for at 
least 50% of its total length, it will automatically count as 
one completed session for this intervention component. 
Athletes can complete more than one session per day and 
the same session more than once.

Psychological techniques
A series of 12 audio recordings that athletes can follow to 
practise stress and anxiety management techniques (ie, 
mindfulness, meditation and/or breathing exercises) 
will be available on the study website. The recordings will 
vary in duration from 1 to 10 min. Individual guidance 
will not be provided on where, when, how often and how 
to perform the techniques while watching the videos. 
However, athletes will be informed through the educa-
tional component of the intervention that they should 

https://dx.doi.org/10.1136/bmjsem-2025-002501
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engage in a mindfulness or meditation technique at 
least once a week and a breathing exercise at least once 
a week. Access and listening time for each audio will be 
tracked. Whenever audio is accessed and listened to for 

at least 50% of its total length, it will automatically count 
as one completed session for this intervention compo-
nent. Athletes can complete more than one session daily 
and may listen to the same session more than once.

Table 1 Variables collected with the baseline and monitoring (daily) questionnaires. The type of answer for each variable and 
whether or not it is included as a predictor in the injury prognostic feedback based on machine learning are also indicated.

Questionnaire Variable Type of answer IPF input

Baseline 1 Sex Binary x

2 Date of birth Discrete x

3 Height Continuous x

4 Bodyweight Continuous x

5 Years of athletics practice Discrete x

6 Average weekly hours of athletics activity Continuous x

7 Average weekly hours of sport activity outside athletics Continuous x

8 Primary athletics discipline Categorical x

9 Injury history since September 2024 Binary x

10 Illness history since September 2024 Binary x

11 Sports mental health assessment tool- step 1 (SMHAT- 1) Ordinal

Monitoring 1 Time of falling asleep Continuous x

2 Time of waking up Continuous x

3 Sleep quality Continuous x

4 Sense of fatigue Continuous x

5 Sense of stress Continuous x

6 Sense of anxiety Continuous x

7 Motivation to train Continuous x

8 Level of stress during the day Continuous x

9 Sense of satisfaction at the end of the day Continuous x

10 Total training duration Continuous x

11 Total training intensity Discrete x

12 Training details Optional

13 Total duration of competitions Continuous x

14 Total intensity of competitions Discrete x

15 Total duration of sports activity outside athletics Continuous

16 Total intensity of sports activity outside athletics Continuous

17 Illness event Categorical x

18 Illness detail(s) Short response

19 Injury event Categorical x

20 New injury event Binary x

21 New injury place of appearance Categorical

22 Mode of onset Categorical

23 New injury mechanism of occurrence Categorical

24 New injury body laterality Categorical

25 New injury body locality Categorical

26 Impact of new injury on the training Categorical

27 Tracking of past injury(ies) Categorical x

28 Impact of past injury(ies) on training Categorical

ICPR, injury complaints leading to participation restriction; IPF, ICPR prognostic feedback.
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Injury complaints leading to participation restriction (ICPR) 
prognostic feedback
An individualised ICPR prognostic feedback (IPF) for 
the subsequent day will be available daily to athletes on 
the study website immediately after completing that day’s 
monitoring questionnaire.20 21 The data collected from 
the baseline and the daily questionnaires up to a specific 
day (D) will be used as input for the ML model (table 1). 
The predicted probabilistic output of this model will 
correspond to the risk of ICPR for the following day 
(D+1).20 21 Specifically, the IPF will consist of a probability 
(ranging from 0% to 100%) that corresponds to the risk 
of sustaining an ICPR the following day, accompanied by 
(i) the discrimination score of the model (ie, area under 
the curve of the receiver operating characteristic), which 
reflects the confidence of the estimated probability, and 
(ii) the contribution of each input variable (eg, sleep 
duration, training load) to the estimated probability, 
based on the Shapley values derived from the model.29 If 
the daily questionnaire has not been completed, the IPF 
for the following day will not be generated.

First, the ML model will be pretrained on similar data 
collected with the same methodology from a previous 
study.20 21 The parameters of the ML model will be 
updated weekly throughout the study and as more data 
is collected. Preprocessing will be applied by encoding 
each categorical variable to several binary variables and 
by scaling continuous variables if it improves model 
performance. For model selection and hyperparameter 
tuning, as well as the updated models every week, we 
will compare a range of algorithms and combinations of 
hyperparameters. The algorithms explored will be: (i) 
logistic regression, (ii) decision tree, (iii) support vector 
machine, (iv) random forest and (v) extreme gradient 
boosting. The hyperparameters explored will be: (i) 
parameter C (ie, weight of penalisation), (ii) class weight 
(ie, relative weight of the injured over the uninjured 
class), (iii) number of estimators (only for tree- based 
algorithms) and (iv) tree depth (only for tree- based algo-
rithms). Each developed model will undergo an internal 
validation process using non- parametric bootstrapping 
(500 samples), described in detail by Collins et al.30 The 
criterion for selecting the best- performing model will be 
the optimism- corrected area under the receiver oper-
ating characteristic.31 The sci- kit- learn library32 of the 
Python programming language (https://www.python. 
org) will be used. The exact code of the model develop-
ment process, as published for another study currently 
under review for publication, can be found in: https:// 
github.com/spyrosiatrop/ML_Injury_Prediction_ 
Prevathle_RCT.

Access to the IPF page of the study website will be moni-
tored. Visiting the page displaying the generated IPF at 
least once will be considered one completed session. 
Further visits on the same day will not count as additional 
sessions. Athletes in the intervention group will be free 
to adapt their practice based on the IPF. They will not 
receive individual recommendations on how to manage 

injury risk. Consequently, managing injury risk will be 
their sole responsibility.

Adherence
The adherence to the entire intervention over a specified 
period will be calculated as the ratio of the total number 
of completed sessions for all intervention components 
divided by the duration of the period in days. The adher-
ence to a single intervention component over a specified 
period will be calculated as the ratio of the total number 
of completed sessions for this specific component divided 
by the duration of the period in days. Recommendations 
through the educational intervention component and 
regular automated reminders via the study website will 
be arranged to promote athletes' engagement with each 
of the intervention components.

Injury definition
An injury is ‘a pain, physical complaint or musculo-
skeletal lesion sustained by an athlete regardless of 
whether it received medical attention or its conse-
quences concerning impairments in competition or 
training’.5 22 33 Athletes reporting an injury complaint in 
the daily questionnaire will also be asked to report (i) 
the circumstance of injury occurrence (training, compe-
tition, unrelated to athletics activity), (ii) the mode of 
onset (sudden, gradual), (iii) the injury location and (iv) 
the consequences of this injury on athletics participation, 
classified as (a) full participation without discomfort, (b) 
full participation with discomfort, (c) partially restricted 
participation due to injury complaint and (d) completely 
restricted participation due to injury complaint.5 20 The 
last two categories (ie, injury complaints with partially 
(c) or completely (d) restricted participation) define the 
‘injury complaints leading to participation restriction’ 
(ICPR).5 20

Outcomes
The primary outcome will be the time to each ICPR 
during the last 14 weeks of follow- up. For the first ICPR, 
the time to the event will be calculated from the start of 
the seventh week of follow- up until the first ICPR. For 
all subsequent ICPRs, the time to the event will be calcu-
lated from the end of the previous ICPR to the start of 
the next ICPR.

The secondary outcomes, which will also be analysed 
during the final 14 weeks of follow- up, will be:
1. Incidence of ICPR, defined as the total number of 

ICPR per 1000 hours of athletics activity.
2. Burden of ICPR, defined as the number of days with 

ICPR per 1000 hours of athletics activity;
3. Period prevalence, defined as the proportion of ath-

letes sustaining at least one ICPR;
4. Weekly prevalence defined as the weekly proportion of 

athletes sustaining at least one ICPR.
We do not expect the proposed intervention to be 

effective as soon as it is implemented. Indeed, we hypoth-
esise that based on the characteristics of the intervention, 

https://www.python.org
https://www.python.org
https://github.com/spyrosiatrop/ML_Injury_Prediction_Prevathle_RCT
https://github.com/spyrosiatrop/ML_Injury_Prediction_Prevathle_RCT
https://github.com/spyrosiatrop/ML_Injury_Prediction_Prevathle_RCT
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there will be a period needed before the intervention 
could become efficacious to reduce the risk of injury.34 
Given the lack of a pilot study aiming to determine the 
exact length of this period for this study’s intervention 
and the need to declare our statistical analysis plan in 
advance, we based our choice on available evidence. 
Other studies in football have also implemented their 
intervention for 8 and 13 weeks before analysing the 
effect of their intervention on the injury risk reduction in 
the follow- up thereafter, but without giving a justification 
for the selection of this period’s length.35 36 A previous 
study on an exercise- based programme intervention 
in athletics showed that 6 weeks were necessary to gain 
efficacy.34 Therefore, to determine the efficacy of the 
intervention, only the last 14 weeks of the follow- up will 
be included in the analysis.

Statistical analysis
We will initially carry out a descriptive analysis of the 
population characteristics, the primary and secondary 
outcomes, the exposure to athletic activity, the individual 
response rate during the follow- up, the adherence to the 
intervention components for the intervention group and 
other collected variables. We will employ frequencies 
and relative frequencies (n (%)) for categorical variables 
and means with SD for normally distributed continuous 
variables or medians with interquartile ranges for non- 
normally distributed continuous variables. This analysis 
will be conducted separately for the first 6 weeks, the last 
14 weeks and the overall follow- up period.

For the primary objective, we will perform a survival 
analysis using an adjusted Prentice–Williams–Peterson 
gap- time model (extension of the Cox proportional 
hazards model for recurrent event analysis),37 38 strati-
fied by the order of ICPR occurrence (first injury, second 
injury, etc). Athletes will be right- censored at (a) their 
first day of missing data, (b) the day they report an ICPR 
that is non- related to athletics activity or (c) the end of 
the 20- week follow- up if they report no ICPR. The inde-
pendent variable of interest will be the group allocation, 
while the analyses will be adjusted for some independent 
variables: (i) ICPR history during the last winter season, 
(ii) ICPR history during the first 6 weeks of follow- up, (iii) 
the interaction term between the variables ‘ICPR history 
during the first 6 weeks of follow- up’ and ‘group alloca-
tion’, and (iv) exposure (ie, hours of athletics activity). 
We will consider adjusting for additional variables (eg, 
age, sex, athletic discipline) if this improves the model’s 
goodness- of- fit.

For each of the secondary objectives, the statistical 
analyses will be:
1. Adjusted Poisson regression analysis with the number 

of new injuries as dependent variable;
2. Adjusted Poisson regression analysis with the days with 

ICPR as dependent variable;
3. Logistic regression with the occurrence or not occur-

rence of ICPR during the analysis period as a binary 
dependent variable.

4. Generalised estimating equation model with the oc-
currence or not occurrence of ICPR each week as a 
binary dependent variable.

The independent variable of interest will be the 
group allocation, while the analyses will be adjusted 
for the same independent variables as in the primary 
objective (see above). For objectives i and ii, exposure 
(ie, hours of athletic activity) will be included as an 
offset term in the models.39 For these analyses, we will 
consider only athletes with at least a 50% response 
rate during the analysis period.40

We will conduct a sensitivity analysis based on 
the response rate to the daily questionnaires by 
repeating the secondary analyses, varying the indi-
vidual response rate threshold from 0% to 100%.21 41 
We will also consider conducting a sensitivity analysis 
based on best- case and worst- case scenarios, if appro-
priate, given the extent of missing data. Furthermore, 
we will analyse the dose- response relationship of the 
intervention from the first to the 12th weeks (ie, 
testing shorter and longer periods than the prese-
lected 6 weeks) using both primary and secondary 
outcomes.34 This analysis aims to retrospectively 
explore the appropriateness of selecting 6 weeks to 
allow the intervention to achieve efficacy before the 
start of the analysis period and to obtain information 
on the time required for this intervention to gain 
efficacy. The analyses of the between- group compar-
ison for the primary and secondary outcomes will be 
conducted according to the intention- to- treat prin-
ciple, meaning that we will not adjust the analyses 
based on the adherence of each athlete to their inter-
vention. Nonetheless, we will repeat these analyses 
while adjusting for each athlete’s level of adherence 
to the intervention.

Sample size justification
An a priori sample size calculation for the primary 
objective was performed. Recurrent event analysis is 
a relatively new extension of the Cox proportional 
hazards analysis, so an exact sample size calculating 
tool could not be found. Nevertheless, recurrent event 
analyses for the same sample size generally demon-
strate higher power levels than Cox proportional 
hazards analysis.42 Consequently, we estimated the 
required sample size for a Cox proportional hazards 
analysis, which reflects the upper limit of our neces-
sary sample size. As this multidomain intervention has 
not been previously studied, we could not estimate its 
expected effect size directly. Instead, there is some 
evidence for each element individually:

 ► An RCT analysing the effect of an educational online 
platform in youth athletics found an approximate 
40% risk reduction.6

 ► A secondary analysis of an RCT analysing the effect 
of an exercise- based injury prevention programme in 
athletics showed an approximate 60% risk reduction 
after the first 6 weeks of intervention.34
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 ► A systematic review analysing the effect of psycho-
logical techniques on sports injury risk reduction 
found an overall small to large effect size (Cohen’s 
d=0.2–1.2).18

 ► A prospective study analysing the association between 
the use of IPF and the reduction of sports injuries 
showed a small but significant association.21

Given that the interaction of the four components 
is unknown, we conservatively anticipated that our 
intervention would reduce injury risk by at least 30% 
to avoid underestimating the sample size. Based on 
data from a previously conducted RCT in athletics,5 
we estimate (i) the median time- to- event of the 
control group to be 4 weeks (28 days) and (ii) the 
average dropout rate during the first 14 weeks to be 
approximately 1% per day. Given these parameters 
and using alpha=0.05, power=0.9, allocation ratio 1:1 
and expected risk reduction of 30% in the interven-
tion group (relative hazard=0.7), it was estimated that 
330 events were needed. Therefore, for a follow- up 
of 14 weeks, the estimated total sample size was 516 
athletes (258 per group). However, to account for the 
dropout during the first 6 weeks (42 days) of interven-
tion, we estimated that we should increase the sample 
size to 516 · 1.0142=784 athletes (392 per group).

Strategies to limit the bias
Sampling bias will be controlled by offering partic-
ipation in the study to all licensed athletes of the 
FFA, regardless of their characteristics. Selection 
bias will be avoided by randomising and concealing 
the allocation of participants in the two groups from 
the researchers leading and conducting the study. 
Evaluation bias will be avoided by using remote and 
self- reported data collection by the participants. 
Attrition bias will be avoided by implementing strat-
egies to reduce the amount and impact of missing 
data: (i) use only mandatory close- ended questions 
(ie, accepting a predetermined range of possible 
answers) in the questionnaires; (ii) select a time- to- 
event outcome for our primary objective, which is 
analysed with survival analysis techniques that treat 
missing data as right- censored data (see Statistical 
analysis); and (iii) facilitating athletes’ engagement 
in completing the questionnaires. The latter will be 
achieved through (a) an automatic reminder sent 
daily at 20:00, (b) posts on social media (Instagram, 
https://www.instagram.com/iprevapp; and YouTube, 
https://www.youtube.com/@iprevapp) and periodic 
newsletters via the study website that present and 
discuss the study aims and the usefulness of the study 
website, (c) access to a visual dashboard displaying the 
individual data provided over time and (d) gamifica-
tion43 through a progressive ‘medal- awarding’ system 
(ie, from ‘regional bronze’ to ‘Olympic gold’) that 
allows athletes to advance by earning points for each 
questionnaire completed. No imputation strategy will 
be applied for missing data. Finally, reporting bias 

will be controlled by registering the study protocol 
in a public registry of randomised clinical trials ( 
ClinicalTrials. gov, https://clinicaltrials.gov, Identi-
fier: NCT06805162) before the enrolment of the first 
participant. Only SI, P- ED, PE, LN and the engineers 
who developed the application and managed the CHU 
server will have access to the database before, during 
and after the trial. Any extraction from this database 
will necessarily involve the pseudo- anonymisation of 
the subjects. The raw database will not be made avail-
able online.

The study results will be communicated through 
articles in peer- reviewed journals, following the 
Consolidated Standards of Reporting Trials for interven-
tions involving Artificial Intelligence44 guidelines for 
manuscript preparation and at international scien-
tific congresses. Individuals who have contributed to 
the design and implementation of the protocol will 
be eligible for inclusion in publications as co- authors. 
The study findings will also form part of SI’s doctoral 
thesis. Additionally, participants in this study will be 
informed about the study results. The dissemination 
of results to end users will occur to facilitate knowl-
edge translation.
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