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PURPOSE OF THE MEETING 

The primary aim of the “METHODS MATTER” meeting is to discuss methodology within epidemiology and 

statistics, related to Sports Injury research and Sports Medicine/Physiotherapy. Also, the purpose is to get 

inspired, share knowledge, and discuss important issues, results, hypotheses or viewpoints. Finally, one of 

the main aims is to socialize with nice, friendly and committed peers. 

Goal: The meeting will lead to a manuscript on our mutual views on issues around contemporary and future 

methods in sports injury research. This manuscript will be published both in the BJSM and in JOSPT. We do 

foresee that out of the discussions also other opportunities for future collaborations and publications will 

emerge. 

BACKGROUND 

In the past years, BJSM has published a series of educational editorials within methodology, including topics 

like, but not limited to, causal frameworks, p-values and incidence/prevalence measures. Different peers 

from the sports injury community have contributed to the content of these editorials and the scene is set for 

a constructive open scientific debate. Epidemiology and statistics are not static -- new methods are 

continuously being developed. These need to be discussed to evaluate their suitability for our sports medical 

context.   

WHY A PRE-CONFERENCE MEETING? 

Peers with methodological interest and expertise gather via teleconferences to discuss current 

methodologies and future steps. Although long-distance calls are valuable, face-to-face meetings are even 

more valued as important decisions are made face-to-face in a friendly atmosphere. This meeting enables us 

to reach consensus on different topics while having important discussions about next steps.  

WHAT DO WE SEEK? 

We seek to organize annual or biennial pre-conference meetings surrounding the “METHODS MATTER” in 
epidemiology, and statistics. We have chosen SportsKongres for this meeting because (i) we will benefit from 

some infrastructure support (meetings rooms, AV, room rate for Methods participants), (ii) the conference 

has a very good reputation and will be of interest to many participants, and (iii) the location and facilities are 

great. 

QUESTIONS? 

For any question regarding the “METHODS MATTER” meeting: 

Please e-mail Rasmus Oestergaard Nielsen (roen@ph.au.dk).  
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PARTICIPANTS  

We are massively overwhelmed about the interest in attending the METHODS MATTER meeting. Thank you 

very much for being positive and supportive. You are in the list of 24 experts and 2 editors who has accepted 

to participate. This ceiling is to ensure each participant can engage fruitfully in roundtable discussions. That 

ceiling supports a robust but practical paper drafting and submission process. We are sure that you will be in 

good company, at the list of attendees include:  

1) Ian Shrier, Canada 

2) Martí Casals, Spain       

3) Lauren Fortington, Australia           

4) Alberto Nettel-Aquirre, Canada   

5) Merete Møller, Denmark     

6) Caroline Bolling, Brazil 

7) Natalia Bittencourt, Brazil     

8) Toomas Timpka, Sweden 

9) Carolyn Emery, Canada 

10) Ben Clarsen, Norway     

11) Niels Wedderkopp, Denmark 

12) Roald Bahr, Norway 

13) Torbjørn Soligard, Switzerland 

14) Jenny Jacobsen, Sweden 

15) Rodney Whiteley, Qatar 

16) Örjan Dahlström, Sweden 

17) Nicol van Dyk, Qatar 

18) Erik Parner, Denmark (Wednesday only) 

19) Babette Pluim, the Netherlands 

20) Emmanuel Stamatakis, Australia 

21) Luz Palacios-Derflingher, Canada 

22) Morten Wang Fagerland, Norway 

23) Karim Khan, Canada/BJSM    

24) Clare Ardern, Sweden/JOSPT 

25) Evert Verhagen, the Netherlands  

26) Rasmus Nielsen, Denmark 
 

COSTS 

Sadly, we don´t have any serious money for the meeting, so we are unable to manage cost related to flights 

and hotel. If anyone can volunteer to fund the event we will gladly accept. We would even give Bill and 

Melinda Gates observer status for such sponsorship. We will set a $0 registration fee to the pre-conference 

and ask you to cover your own expenses. The pre-conference does not cover travel, meals and 

accommodation or access to the SportsKongres. The BJSM/BMJ-group will sponsor refreshments and lunch 

on Wednesday 29th.  

AIRPORT AND HOTEL 

The Copenhagen airport (CPH) is located app. 15 minutes from the Radisson Blu Scandinavian Hotel in which 

the meeting is held (the meeting room and floor will be announced later). For further info, see: 

http://sportskongres.dk/hotel_sas.html   
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PROGRAM TUESDAY 29th January 2019 
 

12:30 – 12:45 Welcome and practical information 

  Evert Verhagen and Rasmus Nielsen 
 

12:45 – 13:30  Session 1: What is a sports injury: Case Definition? 

Scientific facilitator: Roald Bahr, NIH, Norway  

Referee / moderator: Clare Ardern, Editor JOSPT, Swe.  
 

 Overview of injury definitions and scaling (10 mins, Speaker: Benjamin Clarsen, 
NIH, Norway) 

 Injury classification models e.g. M-FASIS, SIC, OSTRC (10 mins, Speaker: Lauren 

Fortington, Federation University, Australia) 

 Injury definition, data scaling and statistical models (25 mins, Open discussion) 
 

13:30 – 14:30  Session 2: Sports injury data: Which statistical and/or computational models to use?  

Scientific facilitator: Carolyn Emery, University of Calgary, Canada 

Referee / moderator: Niels Wedderkopp, University of Southern Denmark 
 

 Data and Statistical methods are like sick patients and medicines: You should 

not make indiscriminate use of the latter to see what results you get on the 
former without knowing what they really do. (15 mins, speaker: Alberto Nettel-

Aguirre, University of Calgary, Canda) 

 Why is biostatistics important in Sports Sciences and Medicine? (15 mins, 

speaker: Martí Casals, University of Vic and FC Barcelona, Spain) 

 Where to go? (30 mins, open discussion) 
 

14:30 – 15:00 Coffee, refreshments and networking 
 

15:00 – 16:00 Session 3: Complex systems thinking and computational modelling  

Scientific facilitator: Evert Verhagen, VU Medical Center Amsterdam, NL 

Referee / moderator: Rodney Whiteley, Aspetar, Qatar.  
 

 Complex systems: challenges and opportunities in Sports Medicine (15 mins, 

Speaker: Caroline Bolling, VU Medical Center Amsterdam, NL) 

 CART: Decision-making process and visualization of complex relationships (15 

mins, Speaker: Natalia Bittencourt, VU Medical Center Amsterdam) 

 Next steps for complex systems thinking and computational modelling in sports 

injury research (30 minutes, Open discussion) 
 

16:20 – 17:30  Session 4: Longitudinal data: The changing nature of exposures and outcomes   

Scientific facilitator: Morten Wang Fagerland, Oslo University Hospital, Norway 

Referee / moderator: Jenny Jacobsen, Linköping University, Sweden 
 

 Time dependency and Covariance: What challenges have we faced in sports 

injury research? (15 mins, Speaker: Nicol Van Dyk, Aspetar, Qatar) 

 Analysis of change using time-to-event models (15 mins, Speaker: Rasmus 

Nielsen, Aarhus University, Den) 

 How to analyse variables that change status? (40 mins open discussion) 
 

19:00 – ? Networking Dinner (own account) 
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PROGRAM WEDNESDAY 30th January 2019 

 

08:15 – 09:30  Session 5: Recurrent / subsequent injuries  

Scientific facilitator: Nicol van Dyk, Aspetar, Qatar 

Referee / moderator: Torbjørn Soligard, IOC, Switzerland.  

 

 Dealing with injury burden (15 mins, Speaker: Evert Verhagen, VU Medical 

Center Amsterdam, NL) 

 Recurrent events – the beauty of simplicity (?) (15 mins, Speaker: Örjan 
Dahlström, Linköping University, Sweden) 

 What is a recurrent / subsequent event? (15 mins, Speaker: Ian Shrier, Jewish 

General Hospital, Canada) 

 Next steps with recurrent events (30 mins open discussion) 
 

09:30 – 10:00 Key-note speaker: Prof. Erik Parner, Aarhus University, Denmark  

Chair: Rasmus Nielsen, Aarhus University, Denmark 
 

 Conclusions based on a less useful statistical analysis (30 mins, key note) 
 

10:00 – 10:30 Coffee, refreshments and networking 

 

10:30 – 12:00  Session 6: Causality 

Scientific facilitator: Luz Palacios-Derflingher, University of Calgary, Canada. 

Referee / moderator: Karim Khan, Editor BJSM, Canada.  
 

 Sports overuse injury aetiology: Which research questions may be helpful in 

developing appropriate injury prevention strategies? (15 mins, Speaker: Rasmus 

Østergaard Nielsen, Aarhus University, Den) 

 Average causal effects (15 mins, Speaker: Ian Shrier, Jewish General Hospital, 

Canada) 
 Prediction: What it is and how to use it? (15 mins, Speaker: Emmanuel 

Stamatakis, University of Sydney, Australia) 

 Is there room for the “C-word” and prediction in sports injury science? (45 

mins, Open discussion) 
 

12:00 – 12:30  Working buffet lunch 

12:30 – 13:45  Session 7: Next steps – drafting publications/videos/other products for BJSM and other 

journals/channels (e.g. podcast, YouTube) 

Chairs: Karim Khan, Editor BJSM and Clare Ardern, Editor JOSPT. 
 

 Summary of the meeting: where do we (dis)agree? 

 What topics did we miss? 

 Drafting an opinion piece – sections and authors 

 

13:45 – 14:00  Session 7: Group photo, closing remarks and 2nd “METHODS MATTER”-meeting in 2020 

 

14:00 – 15:30  Group-based discussions regarding content to session-specific paragraph(s) for article  

targeted BJSM and JOSPT. 

 

This time is intended to start preparations and initial drafting of sections for the manuscript. 

Subgroups are structured by the key topics, and consist of the facilitator, moderator and 

speakers as listed in the meeting program.   
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OPINION PIECE 

One of the key-outcomes of the meeting is an opinion piece (not a consensus statement nor a methodological 

/ statistical guideline) on our mutual views on issues around contemporary and future methods in sports 

injury research. This manuscript will be published both in the BJSM and in JOSPT. The following three key 

themes within sports medicine will be adressed: 
 

1. What are current analytical trends within our field of research; 

2. Are our methodological and statistical approaches up to speed with these trends; and 

3. Which methodological frameworks and statistical models should we focus on? 
 

During the Meeting 

Session topics 

The meeting is organized along the lines of key methodological and statistical topics we have pre-selected. 

This is not to limit our discussions to these topics alone; other topics that need to be considered may emerge 

during the meeting.  
 

Scientific facilitator and moderator 

Each topic’s session is supported by a scientific facilitator and a moderator. The facilitator is a content expert 

and will make sure that everyone gets a chance to be heard. The facilitator will encourage discussion around 

the table (rather than editorializing on each comment in turn) and aim to provide a concise (2-min) summary 

at the end of each session. The moderator has the responsibility to ensure the time-line is strictly enforced 

(e.g. presentations do not exceed the time allocated to each of them). They key topics and responsible 

facilitators and moderators, are: 
 

- Injury definition (Facilitator: Roald Bahr; Moderator: Clare Arden) 
- Statistical models for Sports Injury data (Facilitator: Carolyn Emery; Moderator: Niels Wedderkopp) 

- Complex systems (Facilitator: Evert Verhagen; Moderator: Rod Whiteley) 

- Longitudinal data (Facilitator: Morten Wang Fagerland; Moderator: Jenny Jacobson) 

- Recurrent injury (Facilitator: Nicol van Dyk; Moderator: Torbjorn Soligard) 

- Causality (Facilitator: Luz Palacios-Derflingher; Moderator: Karim Khan) 
 

Subgroup discussions 

On Wednesday the program dictates 90 minutes subgroup discussions at the end of the program. Each 

subgroup is tasked with drafting a section for the manuscript. However, you will all have a chance to have 

your voice heard in the compiled manuscript. According to the timeline below we will receive all subgroups’ 
texts and stitch these together into a full manuscript draft. It is then our mutual responsibility to provide 

feedback and suggest improvements to come to a document we all support. 
 

After the meeting 

It is not expected that readable drafts of manuscript sections will be ready after the meeting. Each subgroup’s 
facilitator is responsible to hand-in the respective section no later than the deadline. We leave it up to the 

subgroups to decide how they would like to proceed in this process. 
 

Timeline 

30-01: End of meeting, initial plans for sections are discussed (and drafted) 

15-02: Hand-in of drafted section by responsible facilitators 

01-03: Distribution of compiled manuscript draft #1 to all 

15-03: Hand-in of comments and suggestions 

29-03: Distribution of revised manuscript draft #2 to all 

05-04: Hand-in of outstanding comments and suggestions 

12-04: Projected manuscript submission 
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ABSTRACTS 

 

 

1st METHODS MATTER MEETING 
Epidemiology, Causality and Statistics in Sports Medicine 

Copenhagen, Denmark, January 29th-30th 2019 
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SESSION 1  

What is a sports injury: Case Definition? 

Scientific facilitator: Roald Bahr, NIH, Norway  

Referee / moderator: Clare Ardern, Editor JOSPT, Swe.  

 

 

Talk 1: Overview of injury definitions and scaling  

Speaker: Ben Clarsen PT PhD, Oslo Sports Trauma Research Center 

Abstract: 

In this talk, I will review the wide range of injury definitions used in sports injury research. I will cover 

traditional (i.e. consensus-based) and novel definitions used in descriptive epidemiological studies, as well 

as ways in which cases have been defined in studies of injury causation, prevention and treatment 

interventions. Although most study designs require subjects to be dichotomised into injured/not injured 

states, I will give examples of injury expressed on an ordinal and continuous scale. 

 

 

Talk 2: Injury classification models e.g. M-FASIS, SIC, OSTRC  

Speaker: Lauren Fortington, Federation University, Australia 

Abstract: 

To be added 
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SESSION 2  

Sports injury data: Which statistical and/or computational models to use? 

Scientific facilitator: Carolyn Emery, University of Calgary, Canada 

Referee / moderator: Niels Wedderkopp, University of Southern Denmark 

 

Talk 1: Data and Statistical methods are like sick patients and medicines: 

You should not make indiscriminate use of the latter to see what results 

you get on the former without knowing what they really do. 

Speaker: Alberto Nettel-Aguirre, University of Calgary, Canda. 

Abstract: 

 

For this short talk, rather than create a glossary or table of statistical techniques and what they do, I will talk 

of the importance of methods in general; the importance of the actual question to be answered, which , once 

fully defined, informs the design that will inform the  statistical tools to be used. I will touch on the purpose 

of the research, the semantics used in interpretations and conclusions. All of these are important issues to 

consider and are crucial methods that can change the actual utility of a research study. 

 

 

Talk 2: Why is biostatistics important in Sports Sciences and Medicine? 

Speaker: Martí Casals, Sport and Physical Activity Studies Centre (CEEAF), University of Vic – Central 

University of Catalonia (UVic-UCC) and Medical and Sports Science Department, Futbol Club Barcelona, 

Barça Innovation Hub, Spain 

Abstract: 

Biostatistics is one of the most established specializations in statistics. It combines advanced statistics skills 

applied to health sciences. The growth of this specialization has taken place, more than anything in the 

academic world with the creation of prestigious departments and biostatistics and epidemiology associations 

that are already established all around the world. Nowadays, Sports statistics is commonly known as Sports 

Analytics. Sports Analytics has grown exponentially thanks to IT sciences and it also encompasses other 

subareas (e.g. sports sciences, behaviour sciences, medicine or data visualization) in addition to statistics 

with a focus that is more tactical and sports performance related. But, are there also specializations in sports 

statistics?  Sports Biostatistics is one of them and combines different skills such as Statistics, Epidemiology, 

Public Health, Medicine and Sports Sciences. This new profession was proposed in a work published in Injury 

Prevention and the British Journal of Sports Medicine (BJSM) which detail the new opportunities for this role 

and also highlight that biostatistics can help with injury prevention and looking after an athletes’ health (1-

3).  Different important functions of the sports biostatistician include for example challenging and using 

sports data, bringing sports professionals closer to data scientists, having the skills to promote how 

biostatistics can help in sports sciences (4-7). It’s important to explain the application of Sports Biostatistics 
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in real world of sports sciences and medicine field. These practical examples are necessary to explain why 

biostatistics is important in sports sciences and medicine. Finally, the synergies that can be created among 

sports sciences and medicine communities with statistics will provide valuable data. 

References 

1. Casals, M., & Finch, C. F. (2016). Sports Biostatistician: a critical member of all sports science and 

medicine teams for injury prevention. Injury prevention, injuryprev-2016. 

2. Casals, M., Bekker, S., & Finch, C. F. (2017). Infographic: Sports Biostatisticians as a critical member of all 

sports science and medical teams for injury prevention. 

3. Casals, M., & Finch, C. F. (2018). Sports Biostatistician: a critical member of all sports science and 

medicine teams for injury prevention. Br J Sports Med, 52(22), 1457-1461. 

4. Barboza, S. D., Bolling, C. S., Nauta, J., Van Mechelen, W., & Verhagen, E. (2017). Acceptability and 

perceptions of end-users towards an online sports-health surveillance system. BMJ open sport & exercise 

medicine, 3(1), e000275. 

5. Goodman, S. N., Fanelli, D., & Ioannidis, J. P. (2016). What does research reproducibility mean? Science 

translational medicine, 8(341), 341ps12-341ps12. 

6. Nassis, G. P. (2017). Leadership in science and medicine: can you see the gap? 

7. Matthews, R., Chalmers, I., & Rothwell, P. (2018). Douglas G Altman: statistician, researcher, and driving 

force behind global initiatives to improve the reliability of health research. 
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SESSION 3  

Complex systems thinking and computational modelling  

 
Scientific facilitator: Evert Verhagen, VU Medical Center Amsterdam, NL 

Referee / moderator: Rodney Whiteley, Aspetar, Qatar.  

 

Talk 1: Complex systems: challenges and opportunities in Sports Medicine 

Speaker: Caroline Bolling, Amsterdam UMC, Amsterdam Collaboration on Health & Safety in Sports, NL. 

Abstract 

Contemporary views in sports medicine support the notion that sports injuries are ‘complex’ phenomena. 
Recent publications proposed to analyse sports injury through the lenses of complexity and apply a systems 

approach to understand injuries aetiology 1–3. The complex context in which an injury happens needs to be 

explored. An injury involves an athlete who can be characterized by many individual features as well as 

multiple extra-individual factors related to injury occurrence, which have a specific culture, are regulated by 

a specific association and take place in a particular socio-economic class in a specific country4. A systems 

thinking approach can help to understand the dynamic interrelations between, amongst others, physical, 

biological, ecological, technical, economic, and social aspects. Such an approach has already been 

successfully applied for the development of solutions regarding complex public health problems, such as 

tobacco control and obesity prevention5,6. In sports medicine, despite the theoretical articles outlining the 

potential of systems science, the application of systems science methods has been rarely published 7. 

A complex system has a large number of heterogeneous elements which interact with each other. These 

interactions produce an emergent effect that is different from the effects of the individual elements. This 

effect persists and adapts to changing circumstances. The traditional study designs and analytical tools 

applied mainly in sports medicine can’t explore complex systems8. Some key methods are applied, in public 
health, to approach complex systems. These include Systems Dynamic (SD), Agent-based modelling (ABM) 

and Network Analysis (NA). Those methods can deal with nonlinearity and the dynamic nature of multilevel 

systems9. 

A systems approach can be applied in conjunction with qualitative research methods to gather perspectives 

of different stakeholders to better understand the specific context in which injury occurs8. By gathering 

information from different stakeholders it’s possible to identify the main elements of a system, the various 

stakeholder groups and the interconnectedness between them. Such an approach makes it possible to map 

opportunities and challenges for injury prevention in an specific setting and facilitate the future development 

of context-driven injury prevention strategies. 

References 

1. Bittencourt NFN, Meeuwisse WH, Mendonça LD, Nettel-Aguirre A, Ocarino JM, Fonseca ST. Complex 

systems approach for sports injuries: moving from risk factor identification to injury pattern recognition—
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narrative review and new concept. Br J Sports Med. 2016;50(21):1309-1314. doi:10.1136/bjsports-2015-

095850 

2. Bekker S, Clark AM. Bringing complexity to sports injury prevention research: from simplification to 

explanation. Br J Sports Med. 2016;50(24):1489-1490. doi:10.1136/bjsports-2016-096457 

3. Hulme A, Finch CF. From monocausality to systems thinking: a complementary and alternative 

conceptual approach for better understanding the development and prevention of sports injury. Inj 

Epidemiol. 2015;2(1):31. doi:10.1186/s40621-015-0064-1 

4. Bolling C, Mechelen W Van, Pasman HR, Verhagen E. Context Matters : Revisiting the First Step of the ‘ 
Sequence of Prevention ’ of Sports Injuries. Sport Med. 2018;(0123456789). doi:10.1007/s40279-018-0953-

x 

5. Luke DA, Stamatakis KA. Systems Science Methods in Public Health: Dynamics, Networks, and Agents. 

Annu Rev Public Health. 2012;33(1):357-376. doi:10.1146/annurev-publhealth-031210-101222 

6. Research WA for HP and S. Systems Thinking for Health Systems Strengthening.; 2009. 

doi:10.1155/2010/268925 

7. Hulme A, Thompson J, Nielsen RO, Read GJM, Salmon PM. Towards a complex systems approach in 

sports injury research: Simulating running-related injury development with agent-based modelling. British 

Journal of Sports Medicine. 2018. 

8. Lich KH, Ginexi EM, Osgood ND, Mabry PL. A Call to Address Complexity in Prevention Science Research. 

Prev Sci. 2013. doi:10.1007/s11121-012-0285-2 

9. Carey G, Malbon E, Carey N, Joyce A, Crammond B, Carey A. Systems science and systems thinking for 

public health: A systematic review of the field. BMJ Open. 2015. doi:10.1136/bmjopen-2015-009002 

 

Talk 2: CART: Decision-making process and visualization of complex 

relationships 

Speaker: Natalia F.N. Bittencourt, VU Medical Center Amsterdam, NL; Sports Physical Therapy Department 

Minas Tenis Club; and Uni-BH University Center, Belo Horizonte, Minas Gerais, Brazil. 

Abstract 

Sports injuries emerge as the result of complex interactions within the web of determinants1.  The complexity 

of these interactions is related to modifications that arise within the parts or by the emergence of new and/or 

unpredictable parts. Additionally, when units A and B interact, the behaviour of A, considering the interaction 

with B, it’s different compared to the behaviour of A alone2.  In this sense, instead of look for “causes” we 
must try to find “relationships” that forms regularities (risk or protective profiles). Therefore, the web of 

determinants indicates regularities that in turn emerge as a global pattern (injury or adaptation)1. To be able 

to visualize these regularities, we can use the classification and regression tree (CART). This nonparametric 

statistical method classifies subgroups whose members share common features that influence the 

dependent variable3,4. The CART algorithm tests all possible variables and their cut-off points (considering 

nonlinearities and interactions between them), which are associated with the outcome. Also, this method 

iteratively tries out each of these potential cut points, partitioning the data at each potential split and 
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choosing the best split that produces the most homogenous subgroup4. Therefore, it is possible to identify 

the risk profile (regularities) of each subgroup. Through CART analysis, Mendonça et al. demonstrated 

nonlinear and complex interactions between association factors for patellar tendinopathy (PT)5. The 

contribution of the shank-forefoot varus alignment (SFA) and hip IR ROM to the occurrence of PT depended 

on a critical cut point of hip RE torque, which values < 0.31Nm/kg were associated to PT. On the other hand, 

the same cut point of SFA and hip IR ROM, but in interaction with hip RE torque > 0.31Nm/kg were not 

associated with PT (protective profile) 5. Consequently, abrupt transformation in the overall global pattern 

of the system (injury or not) can be triggered by some small change within the input variable6. This 

classification tree example identified a risk profile that embraces complexity in the sense that clinical decision 

rules can be easily applied to the sports setting. By now, it is necessary to move the research forward using 

this results from PT, expanding the analysis to understand the complex relationships between biomechanical, 

behavioural, physiological and psychological factors related to the emergence of other kinds of injuries, such 

as ACL and muscle strain. Therefore, the decision-making process regarding injury risk management can be 

facilitated using CART in order to visualize the complex interactions between different determinants.  

References 

Bittencourt NFN, Meeuwisse WH, Mendonça LD, et al. Complex systems approach for sports injuries: 

moving from risk factor identification to injury pattern recognition—narrative review and new concept . Br J 

Sports Med 2016;0:1–7.  

Rosen R. Essays of life itself. New York, USA: Columbia University Press, 2000. ISBN: 0-231-10511-8. 

Lemon SC, Roy J, Clark MA, Friedmann PD, Rakowski W. Classification and regression tree analysis in public 

health: methodological review and comparison with logistic regression. Ann Behav Med. 2003 

Dec;26(3):172-81. 

Hayes T, Usami S, Jacobucci R, and  McArdle JJ. Using Classification and Regression Trees (CART) and 

Random Forests to Analyze Attrition: Results From Two Simulations. Psychol Aging. 2015 Dec; 30(4): 911–
929. 

Mendonça LM, Ocarino, JM, Bittencourt NFN , Macedo LG, Fonseca ST.  Association of Hip and Foot Factors 

With Patellar Tendinopathy (Jumper’s Knee) in Athletes. J Orthop Sports Phys Ther 2018 Sep;48(9):676-684. 

doi: 10.2519/jospt.2018.7426. Epub 2018 May 23. 

Higgins JP. Nonlinear systems in medicine. Yale J Biology Medicine 2002;45:247–60. 
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SESSION 4  

Longitudinal data: The changing nature of exposures and outcomes   
 

Scientific facilitator: Evert Verhagen, VU Medical Center Amsterdam, NL 

Referee / moderator: Jenny Jacobsen, Linköping University, Sweden 

 

Talk 1: Time dependency and Covariance: What challenges have we faced in 

sports injury research? 

Speaker: Nicol Van Dyk, Aspetar, Qatar. 

Abstract 

Longitudinal data are being collected more frequently in various research areas, (1) including sports  medicine 

and sport science. The defining feature of longitudinal studies is the repeated measurements on the same 

participants over time. This allows researchers to answer more detailed questions, particularly regarding the 

change (and factors that influence change) over time. However, arriving at these answers requires 

researchers to overcome the challenges of analysing longitudinal data. Windt et al (2) highlights five specific 

challenges: 

(1) the dependencies created by repeated measures,  

(2) missing/unbalanced data,  

(3) separating between-person and within-person effects,  

(4) time-varying and time-invariant (stable) factors 

(5) specifying the role of time/temporality 

It is important that we recognize and highlight these challenges, both in terms of methodological design and 

statistical analyses. Some of these challenges will be demonstrated through practical examples, and potential 

solutions that we might consider appropriate to overcome these issues will be discussed.  

 

References: 

1. Walls TA, Schafer JL. Models for intensive longitudinal data. Oxford: Oxford University Press, 2006 

2. Windt J, Ardern CL, Gabbett TJ, et al Getting the most out of intensive longitudinal data: a methodological 

review of workload–injury studies BMJ Open 2018;8:e022626.  
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Talk 2: Analysis of change using time-to-event models 

Speaker: Rasmus Nielsen, Aarhus University, Denmark. 

Abstract 

In the past decades, general methodologists of science insisted that it was impossible to measure how health-

related exposures and outcomes changed over time. Rather, researchers interested in the study of change 

were encouraged to ‘frame their questions in other ways’. Clearly this was a poor advice. Today in sports 

injury research, one of the overarching goals is to understand why, and when, athletes sustain injury. A 

current example of this is the ‘too much, too soon’-theory. This theory proposes that athletes are at greater 

risk of injury following a sudden change in training load, a sudden change in the magnitude of the load, a 

sudden change in the way the load is distributed, or a combination of these changes. If this is correct, the 

study of change over time is crucial in the sport injury context.  

To study change over time, time-varying exposures (e.g. change in training load) and time-varying outcomes 

(e.g. change in injury status) are two essential concepts.[1] In training load studies, Χ2-tests and logistic 

regression have been identified as the most commonly used analytical approaches, whereas other 

approaches such as time-to-event models were rarely used. The importance of this finding is that, unless the 

time to injury is discretized (eg, transferring continuous timescales or variables into units for analyses), it is 

not possible to include time-varying exposures in traditional logistic regression models or Χ2-tests. Since 

logistic regression has been the primary choice of many sports injury researchers, this initiates an important 

debate: How well has the ‘too much change in training load, too soon’-theory been explored in the existing 

literature? 

Time-to-event models is one approach to deal with time-varying exposures and outcomes using multistate 

transitions.[2-4] In this presentation, lights are shed on the opportunities time-to-event models offer in the 

analysis of change and limitations/challenges are highlighted.   Finally, it is emphasized that cleaning datasets, 

setting up the data, performing analyses with time-varying variables and interpreting the results is a time-

consuming process, which requires dedication and, most likely, assistance from methodological peers as the 

analytical approaches presented this paper require specialist knowledge and well-honed statistical skills.[5]  
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SESSION 5 

Recurrent / subsequent injuries 
 

Scientific facilitator: Nicol van Dyk, Aspetar, Qatar 

Referee / moderator: Torbjørn Soligard, IOC, Switzerland. 

Talk 1: Dealing with injury burden 

Speaker: Evert Verhagen, VU Medical Center Amsterdam, NL 

Abstract 

The sequence of prevention, for almost three decades, has served as the foundation for the development 

and evaluation of effective and efficient injury risk management efforts in sports [1]. To make founded 

choices on which injuries to target with subsequent efforts, the first step of the sequence – as described 

originally - is the description of the injury problem in terms of incidence and severity. Traditionally 

prospective descriptive studies are conducted to get grip on the number of injuries, their incidence, and their 

severity. Recently, Bahr and colleagues also argued for implementation of injury burden within this initial 

step [2] as it provides a combined insight into the magnitude of an injury problem in relation to injury 

consequences. This presentation will focus on the definition and expression of injury burden and will highlight 

the necessity to include injury burden also as an outcome of programme evaluations.  

Burden can be defined as the cross-product of severity & incidence and is in the sports medicine literature 

generally expressed as the number of days lost per 1,000 hours of play. However, in this expression the 

concept only provides a limited view of the true burden of injury. After all, injuries have more consequences 

than individual players’ time loss alone. Injuries may, for instance, also lead to costs and/or performance loss.  

In addition, focusing on time loss alone would rule out proper insight into the burden of overuse injuries as 

these types of injuries do not necessarily lead to time loss[3]. Consequently, multiple classifications of injury 

burden are necessary. 

Injury severity and burden also provide potential outcome measures in the evaluation of risk reducing 

interventions. A clear example of how this is already done in sports medicine are cost-effectiveness 

evaluations[4-7]. Traditionally, though, evaluations are focused on reducing injury rates. The risk of this 

approach is that interventions may be considered ‘non’ effective while in fact severity and burden are 
lowered, of which examples will be presented.  The skewed nature of severity and burden measures though, 

may require specific analytical approaches to provide meaningful outcomes.  
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Talk 2: Recurrent events – the beauty of simplicity (?) 

Speaker: Örjan Dahlström, Linköping University, Sweden 

Abstract 

Studies of sports injuries are associated with several methodological challenges that are exacerbated when 

dealing with consecutive injuries. There are several ways to establish the occurrence of injury events, ranging 

from self-reports to clinical diagnoses. Besides the problem of defining an injury event per se, there are 

situations when athletes suffer consecutive injurious events. Such multiple-injury events have been 

described by terms such as recurrent, repeated, subsequent, exacerbation, and re-injury. The meaning of 

these terms differ by their description of the associations between the separate injury events and their 

relationships with external factors. Studies of multiple-injury events are challenging from a scientific 

perspective, since the events are undesirable and not possible to manipulate in experiments. Naturally 

observed associations with external factors can be spurious or real (or even causal). Acting in response to 

this situation, complex statistical methods have recently been introduced. Nonetheless, for research to 

establish not only if, but rather how, factors are associated with injury events, strong research designs and 

compliance with the underpinning theoretical assumptions are essential. Most epidemiological study designs 

utilized in the sports setting at present allow conclusion to be drawn at the population level, while sports 

practitioners are interested in making predictions about individual athletes. Even so, prediction models that 

are developed at the population level may be valid for individual-level predictions if adequate methods are 

employed, i.e. that the models are developed and evaluated using different samples. It can also be noted 

that interpretation of statistical analyses and results is currently often guided by p-values. Yet the actual 

contribution to the scientific community is dependent on which p-values are considered (and which p-values 

are not reported), what the corresponding effect sizes are, and what the clinical utility of these choices is. 

These issues are discussed in the context of a study examining factors associated with recurrent events in 

Swedish Athletics. 
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Talk 3: What is a recurrent / subsequent event? 

Speaker: Ian Shrier, Jewish General Hospital, Canada 

Abstract 

Consider an athlete that injures their right knee medial collateral ligament (MCL), and then suffers a fractured 

wrist later in the season. If we are interested in risk of injury, the first “event” is the knee injury. The 
subsequent event is the wrist injury. The discussion below also applies if the event is “surgery”. 

Different authors have used slightly different terminology to divide subsequent injuries into different 

categories.1-3 In the context above, the wrist injury would generally be considered a “new injury”. If the 
second injury were also to the right MCL, one might call it an exacerbation if it had not yet healed, or a re-

injury if it had healed. If the second injury were to the lateral collateral ligament of the right knee (a different 

tissue), or an injury to another body part, one might give it a different name to identify which tissue / location 

was injured. The different schema in the literature essentially just give different names to these different 

categorizations. Simple enough, but not quite. The challenge for researchers and clinicians is how to 

operationalize these concepts when collecting data or conducting analyses.  

The concept of “subsequent injury” requires an operational definition of healing. Some guidelines define 

healing as full return to play. Although this allows analyses when there are no data on clinician impressions 

or treatments, it creates some challenges. 

First, consider an athlete who returns to full activity while they are still receiving treatment for the first MCL 

injury. If the athlete’s symptoms increase and he stops playing, then this might be considered a new injury 
to the same location and tissue (“re-injury with time loss”). However, if the athlete was still receiving 

treatment, many clinicians would consider the injury had never healed. They would consider this an 

exacerbation in order to distinguish it from the athlete who becomes symptom-free for 5 games and has a 

subsequent fall that causes the knee to be painful again.  

Second, if we have data on treatments, we might define an exacerbation as any injury that occurs before 

treatment ends, and a re-injury if the subsequent injury occurs later. This categorization works if the 

subsequent injury in the vignette above is a second MCL injury. However, what if the athlete is receiving 

treatment, and has a fall that causes a wrist fracture? The subsequent wrist injury is a new injury (new 

location) but the subsequent knee injury is an exacerbation (same location same tissue). Consider that we 

are interested in causal risk factors to implement prevention programs. The mechanism and causal factors 

for the two injuries are the same, but we have different categorizations. Restricting an analysis to one type 

of injury is likely to lead to biased estimate of the risk factor. It is essential that researchers clearly identify 

which causal question they are interested in and use the appropriate categorization.  

Third, how do we classify exposures (denominator for injury rate) for restricted play? If the athlete injured 

their wrist from a fall during restricted return to play, is this really an injury with 0 time at risk? 

Fourth, some recommend that clinicians categorize injuries as to whether the subsequent event was 

“related” to the initial event but do not define related. The purpose of statistical analyses is generally to 
determine associations, or “relatedness”. If the clinician can make that categorization, we don’t need 
analyses. In legal cases, complex mathematical analyses are used to assign “probabilities” because Yes-No is 

unrealistic. If the fall causes the subsequent injury to be a 2nd MCL injury, it would generally be considered 

“related”. If the fall resulted in a wrist injury, it would generally be considered unrelated even though the 

causal mechanisms are identical. If the concept of “related” means the first injury had not yet healed, then 
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this is the question that should be asked (with some guidance on what healing means). Alternatively, the 

question can serve as the basis for an analysis to determine whether the clinicians are generally correct when 

they believe subsequent injuries are related to the first injury. 

Finally, how do we subsequent injuries for a chronic condition such as an ACL tear, or meniscal tear or 

osteoarthritis?4 Because the injury never healed, do we consider every subsequent “event” an exacerbation 
even if the interval between “events” is several years? A generalized framework has been suggested but 
requires investigators to operationalize the categories based on their question and data.5 
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SESSION 6 

Causality 
 

Scientific facilitator: Luz Palacios-Derflingher, University of Calgary, Canada. 

Referee / moderator: Karim Khan, Editor BJSM, Canada  

Talk 1: Sports overuse injury aetiology: Which research questions may be 

helpful in developing appropriate injury prevention strategies? 

Speaker: Rasmus Nielsen, Aarhus University, Denmark. 

Abstract 

In the sequence of sports injury prevention, understanding the aetiology is a prerequisite for developing 

successful prevention strategies. 1 For this reason, research into the causal mechanisms underpinning injury 

development is highly important. In this regard, aetiological models may aid researchers in identifying 

important causal research questions, by visualizing how various risk factors theoretically could influence 

injury development. 

In the literature, generic models of sports injury aetiology have been presented. In 2007, Meeuwisse et al. 

presented “A Dynamic Model of aetiology in Sport Injury”2 . They argued that the nature of sports injury was 

different from other research fields (e.g. cancer research) given that “exposure is a combination of both 

possessing a risk factor and then participating (to a greater or lesser degree) with the risk factor”. A decade 
later, in 2017, Windt and Gabbett introduced “The workload—injury aetiology model”3 including workload 

as a central component in the aetiology. Finally, in 2018, a model was presented by Nielsen et al., which 

distinguish between training load and structure-specific load.4 In the light of these complementary, but 

different, models the question remains: what aetiological research questions may fuel the development of 

effective injury prevention strategies?  

In this presentation, novel ideas to aligning the research question and analytical approach with existing 

models for sports injury aetiology will be presented. This includes the viewpoint from the 2018-model4 that 

“researchers may need to include change in training load […] as a primary exposure in future data analyses”. 
In addition, the difference between including additional variables as effect-measure modifiers and 

confounders will be discussed. Hopefully, these ideas will spur a fruitful discussion regarding the choice of 

research question and primary exposure when investigating the aetiology of overuse sports injury.   
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Talk 2: Average Causal Effects 

Speaker: Ian Shrier, Jewish General Hospital, Canada 

Abstract 

Clinicians may sometimes be interested in prediction questions such as how long it will take an athlete to 

return to sport after an ankle sprain. However, they are usually more interested in causal questions such as: 

How much faster will a patient recover if I treat their ankle sprain with early rehabilitation compared to 

treating them in a cast for two weeks followed by rehabilitation? Investigators who are interested in causal 

questions need analyses that provide estimates of causal effects. There are several different types of causal 

effects.1 Although we often cannot know the actual cause in any one individual, we can compare the 

outcomes among groups of people and estimate the “average causal effect”. Pedagogically, let us consider 

a randomized trial comparing two treatments (treatment vs comparator) where everything was done 

perfectly but some people adhered to their assigned treatment and some did not.  

Average causal effect of assigning treatment 

The common intention-to-treat analysis compares everyone who was assigned treatment to everyone who 

was assigned the comparator. The estimate we obtain reflects the difference in the observed outcome if 

everyone was assigned treatment compared to everyone being assigned the comparator. 

Population average causal effect (PACE) of receiving treatment 

This analysis provides an estimate of the difference in the outcome if everyone in the study received 

treatment compared to everyone receiving the comparator.2 In the literature, many investigators 

incorrectly estimate this effect by ignoring treatment assignment. They simply compare those that took 

treatment compared to those that did not take treatment (“as treated analysis”). Others will incorrectly 
include only those that adhered to their treatment assignment (“per protocol analysis”). Both of these 
analyses are biased. Participants who adhere to treatment are likely different from those that do not 

adhere to treatment, and therefore any difference in the results may not be due to the causal effect of the 

treatment. There are more advanced analyses which provide unbiased answers under reasonable 

assumptions. The results from the unbiased method are sometimes referred to as the “per protocol effect” 
(comparing results if everyone followed their assigned treatment), which should not be confused with the 

“per protocol analysis” mentioned above. 

Complier average causal effect (CACE) 

This analysis estimates the causal effect in a sub-population of those in the study who would adhere to 

their treatment assignment regardless of whether they were assigned to treatment or comparator. The 

causal effect in those that would only adhere to their assigned treatment if assigned control, or if assigned 

treatment, might be different than the CACE and they are not estimated in this method. The CACE is usually 

obtained through a principal stratification approach3 4 or instrumental variable analysis. 5-7 
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Average treatment effect on the treated (ATT) 

The causal effect of treatment on the treated is a different subgroup than the CACE. In this case, the 

subpopulation refers to those assigned treatment. This is sometimes equal to the CACE (if there is non-

adherence in only one group) but would be different if there are people who would adhere to one assigned 

treatment but not the comparator. The ATT is often obtained by some form of regression or propensity 

score matching but can also be obtained through instrumental variable analysis. 

Generalizability 

The above causal effects all refer to the study sample population are sometimes referred to as sample 

average causal effects. The target average causal effect refers to the causal effect in the more general 

population we want to estimate, which might be different from our sample in important respects.8There 

are different methods that allow one to generalize findings according to observed differences between the 

sample and the target populations. 
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Talk 3: Prediction: What it is and how to use it? 

Speaker: Emmanuel Stamatakis, University of Sydney, Australia 

Abstract 

To be added 
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