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Abstract 

In recent years an understanding has developed that sports injuries are the emergent outcomes of complex, 

dynamic systems. Thus, the importance of local contextual factors on injury outcomes is increasingly being 

acknowledged. These realisations place injury prevention research at a crossroads. Currently, injury prevention 

researchers develop universally applicable injury prevention solutions, but the adoption of these solutions in 

practice is low. This occurs because implementation contexts are both unique and dynamic in nature, and as a 

result singular, static solutions are often incompatible. In contrast, practitioners address injury prevention through 

iterative cycles of trial and error, aiming to optimise the injury prevention process within their own unique 

contexts. The purpose of this critical review is to draw attention to the misalignment between research and 

practice-based approaches to injury prevention. In light of this, we propose alternative research approaches that 

acknowledge the process-driven nature of injury prevention in practice. We propose that a core focus of sport 

injury prevention research should be to provide practitioners with useful and relevant information to support their 

decision-making around their localised injury prevention practice. Through this approach injury prevention 

research ceases to be about what works, and begins to engage with understanding what works in what contexts 

and why?  

 

Key points 

• The contexts in which injury prevention interventions are applied are unique and continuously evolving, and as such 

transferability of interventions between contexts is always uncertain. Injury prevention interventions must be 

adaptable to be compatible with these dynamic settings. 

• The only way to manage contextual uncertainty is to engage in an iterative process of intervention 

modification in response to emergent injury outcomes. 

• Injury prevention researchers should support this process by providing information on what 

interventions are efficacious in specific contexts, using empirical evidence to support or challenge 

theoretical reasoning. 
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1. Introduction 

Sports injury prevention recognises that a change is needed. It is becoming apparent that in a range of sports 

settings, injury outcomes are not improving, despite considerable effort from both researchers and practitioners 

[1,2]. A realisation is dawning that injury and its prevention are complex [3,4], and that we need to look to different 

‘ways of knowing’ to better understand the implications thereof [5]. It is becoming increasingly apparent that we 

need to explore beyond generic ‘risk factors’ and ‘injury mechanisms’, and understand the complex interactions 

of a range of contextual factors that influence injury. Practitioners and researchers often adopt a reductionist 

approach because it lends to simplicity and causal inference in decision-making [6], but in reality this approach 

does not fit with the complex nature of the problem [4]. Considering the implications of complexity thinking 

provides an opportunity to challenge whether conventional research approaches are appropriate, particularly when 

the needs of practitioners are considered. In this critical review, we question the outcomes-based nature of sports 

injury prevention research and re-emphasise that the process-driven nature of injury prevention needs to be a 

primary consideration in injury prevention research. In particular, we advocate that it is necessary to construct 

iterative research cycles to ensure that injury prevention interventions that are dynamic and can be successfully 

applied in broadly different contexts and are able to adapt as these contexts evolve [7].  

 

2. Approach to the problem 

The aim of this review was to critically assess the prevailing approaches to injury prevention research. This 

assessment aimed to challenge whether these approaches align with current conceptual understanding of the 

nature of injury and it’s prevention. Where misalignment was present, solutions and innovation were sought 

from other areas of research that have dealt with similarly complex problems, with aim of leveraging these 

solutions to positively influence sports injury prevention research. This research was undertaken to provide the 

theoretical grounding for a league wide injury surveillance and injury prevention project embedded within a 

professional sports league. The authors are professional sport scientists with >15 years collective experience 

working in professional sports environments.  

 

The critical review was developed through a number of distinct stages. The starting point was to review the 

history and evolution of injury prevention research approaches over time. Secondly, investigation was 

conducted into the practical challenges to the adoption of these research interventions in practice, providing  

new interpretation of the existing data where possible. Finally, conceptual development of novel solutions to 
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adoption and implementation challenges were sought, with a particular emphasis placed on identifying 

strategies that have been effective in different fields with similarly complex challenges. At each stage of 

development, relevant publications were initially identified through searches of academic data bases (Pubmed, 

SPORTDiscus, Google Scholar) using relevant search descriptors (e.g. sport AND injur* AND prevent* OR 

reduc*). To this end, we sought to identify the most significant items in the field of contemporary thinking 

within injury prevention research, rather than perform a fully systematic search and exhaustive search, as per 

established critical review methodology [8]. Therefore, articles were screened for both relevance and relative 

impact (assessed by citation count over time). These articles were read in full by the first author, and the 

reference lists were searched to identify further relevant articles. At each stage of the research process, meetings 

were held among the writing team to discuss the collected material. These meetings lead to the identification 

of further relevant literature from the authors’ libraries and lead to further database searches. This process 

continued in an iterative fashion until no new themes emerged from the discussions and the writing team 

reached consensus on the interpretation of the material.  

 

3. The growing importance of context in injury prevention research 

Sports injury prevention research aims to devise interventions that reduce the occurrence of injury within the 

target population. For the purposes of this review interventions are defined as any action, activity or process 

specifically implemented with the intention of reducing injury, and may include strategies such as neuromuscular 

training, technique adjustments or education programs. The development of these interventions has a clearly 

described pathway that has evolved over time to reflect increased understanding of the challenges of injury 

prevention research. Initially, van Mechelen et al. (1992) described the sequence of prevention [9], a process that 

was primarily focused on determining the efficacy of injury prevention interventions - whether the interventions 

‘work’ or not. Yet, asking ‘can this intervention work’ can be likened to asking “can this football team win?” – 

the implied premise is inherently flawed because this cannot be a yes or no question in all contexts and in 

perpetuity, the answer must always be: ‘it depends’ [10].  

 

Moving towards increased acknowledgment of the influence of context, Finch (2006) developed the translating 

research into injury prevention practice (TRIPP) framework [10]. In this framework, intervention developers aim 

to describe the context within which the intervention should ‘work’ (TRIPP stage 5), before assessing the 

intervention in context (TRIPP stage 6). The TRIPP framework therefore assesses intervention effectiveness – 
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answering the question ‘does this intervention work in context?’ [10]. However, a weakness of this framework is 

that the intervention is designed under ideal conditions prior to describing and understanding the implementation 

context. More recently, researchers have noted the necessity to understand and consider both the context [11] and 

needs of end-users (athletes, coaches, physiotherapists, doctors etc.) [12,13], as starting points within the research 

process. Indeed, as Bolling et al. (2018) observed, the quality of the “feedstock”, in this case the description of 

the intervention context, determines the quality of the final product [11]. 

 

The realisation of the importance of context in injury prevention leads to two key problems for researchers:  

1) Implementation contexts are not interchangeable 

The injury outcomes of a particular individual or team emerge from the complex interactions between 

people, the physical environment and the social environment [3]. Injury prevention settings are affected 

by historical, political, social, economic, scientific, cultural, and organizational factors which all interact 

with each other. These interactions can be described by a socioecological framework that considers the 

athlete (e.g., genotype, injury history, training history, stress), the team (e.g., tactics, player interactions, 

coach interactions), the league, the sport, the governing body, and the society within which these factors 

exist and interact to create injury outcomes [11]. Recognising that intervention contexts arise from the 

interaction of multiple components that influence each other in unpredictable ways is problematic for the 

generalizability of injury prevention interventions because while some contexts are similar, no two can 

be exactly the same. The argument that every context is unique and interventions cannot be generalised 

should not be overstated because it is clear that some interventions are highly resilient to contextual 

variation [14]. However, this does not negate the fact that the transferability of interventions to new 

contexts is always uncertain [15]. 

2)  The dynamic nature of the injury prevention context 

The contexts for injury prevention interventions are rapidly changing. For example, in professional 

football, high speed running distance has increased by 30% over the past 7 years, while in rugby union 

the size of youth international players increased dramatically in a 13-year period [16]. In addition, sports 

governing bodies regularly change the rules of competition [17]. Furthermore, changes in coaching and 

playing staff within organisations result in constant changes to team tactics, and playing and training 

approaches which can have profound effects on the physical demands to which athletes are exposed. 

Changes in staff may also introduce different leadership styles and communication preferences with 
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coaching and support teams that can further affect injury outcomes [18,19]. Therefore, any static injury 

prevention intervention will be problematic, because the context it was designed for will rapidly evolve. 

Injury prevention processes therefore need to be agile to respond to changes in the implementation 

context. 

When these factors are considered, it is not surprising that injury prevention interventions often have variable 

outcomes, demonstrating effectiveness in in some contexts, and being ineffective in others [20]. This may explain 

why injury prevention programs that have been proven to be efficacious are often poorly adopted in practice [21-

23]. The practitioners involved do not have sufficient evidence to understand whether a particular intervention is 

likely to be effective in their own context. Within the social sciences, researchers make use of realist evaluation 

to understand complex social interventions, and do so by asking "What works, for whom, in what circumstances, 

in what respects and why?" [7]. This approach accepts that the emergent outcomes of interventions in complex 

systems result from the interaction between the intervention mechanism and the context within which it is 

applied.  Understanding these interactions requires different types of evidence from that typically provided by 

traditional injury prevention research approaches.  

 

It has been demonstrated that researchers and sporting federations have different research priorities [24,25]. 

Researchers are primarily concerned with injury surveillance, determining injury mechanisms and developing 

preventative interventions, while sporting federations are more concerned with better understanding intervention 

implementation [24,25]. While this information highlights a misalignment between the goals of researchers and 

sports federations, the ultimate end-users of injury prevention research are practitioners who are responsible for 

implementing injury prevention practices in their own contexts [25, 26]. For the purposes of this critical review, 

we consider practitioners to be the coaches, strength and conditioning coaches, medical and support staff 

responsible for advocating and effecting injury prevention practices in sporting contexts. These practitioners are 

the key implementers of injury prevention practice [26], and as such it is important to consider whether injury 

prevention research meets their needs, and be critical of approaches that do not. 

 

4. Traditional injury prevention research methods do not align with the injury prevention process 

Historically, sports injury prevention research has taken its lead from established practices in clinical, public 

health and medical research. Within these fields of research there is an established hierarchy of methodological 
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quality that prioritizes efficacy studies in the form of randomized controlled trials (RCTs), and meta-analyses of 

these trials, above other types of research evidence [27,28]. In practice settings, professionals are then encouraged 

to utilize ‘evidence-based practice’ to provide the best service for their clients [6,29,30]. Evidence-based practice 

requires practitioners to use research evidence in conjunction with their professional expertise and knowledge of 

the constraints of the environment to make treatment decisions [31].  

 

Sports injury prevention research has similarly inherited many of the problems inherent in the translation of this 

type of evidence into practice – the so-called “research-practice gap” [32,33]. One of the key causes of the 

research-practice gap is the uni-directionality of research [34,35], where academic researchers provide solutions 

that are efficacious under ideal conditions to practitioners who are expected to implement them in a broad range 

of real-world settings. One of the challenges of evidence-based practice is that practitioners working in different 

contexts may have very different levels of professional experience and expertise (e.g. full-time professional coach 

vs. a part-time volunteer community coach) that will effect the way in which they interpret and implement research 

evidence. Inexperienced practitioners may appreciate ‘plug and play’ interventions that are specific to their 

context, and may struggle to adapt interventions in the face of resource and environmental challenges. On the 

other hand, practitioners with high levels of expertise may be able to interpret and adapt interventions to suit their 

resources and environment, but will find the need to maintain intervention fidelity constraining. Inevitably, any 

singular intervention will not satisfy the needs of all practitioners, creating mistrust that academic knowledge can 

offer anything of relevance to practice situations [36]. To address these challenges, researchers could try to 

produce adaptable interventions that are usable across a continuum of expertise, describing interventions with 

highly structured, recipe-like applications on one end of the spectrum, and articulatable core intervention 

components [37] on the other, but this level of sophistication would require ongoing process evaluation research 

[38]. Unfortunately, in the field of sports injury prevention in many cases intervention development stops 

following the establishment of intervention efficacy. 

 

Conducting a RCT for sports injury prevention is the equivalent of completing steps 3 and 4 of van Mechelen’s 

sequence of prevention. In recent years there has been a move towards assessing injury prevention interventions 

in more ecological settings [15,39]. While this shift towards ecological evaluation of interventions is welcome, 

problems with the generalizability of these interventions to other settings remain. Through these approaches, 

researchers tend to develop singular and ‘final’ injury prevention products with the intention of implementing 
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them in a broad range of settings with minimal adaptation. This assumes that the injury problem can be solved, as 

if it were an equation [40].  This approach has to lead to interventions that are demonstrably effective, but have 

disappointing impact due to poor adoption and adherence among end users [21-23]. This is likely because 

practitioners adopt an entirely different approach to injury prevention.  

 

An alternative to traditional top-down research is the concept of ‘practice-based evidence’, an approach that 

accepts that the real world is messy and complicated, but provides a deep understanding of the challenges faced 

by those delivering injury interventions. Practice-based research acknowledges that efficacy or effectiveness is 

only one of many pieces of information required to ensure successful intervention implementation [41,42].  

 

In applied settings, the complex nature of injury occurrence means that practitioners will never be able to prevent 

all injuries and thus will never be able to ‘solve’ the injury problem. Instead, they assess constraints and risk 

factors present within their particular context, and make expertise-based judgments regarding the interventions 

that are most likely to be effective [43,44]. These interventions cannot be assessed as ‘right or wrong’ and are 

instead interpreted as ‘better or worse’ based on the contextual constraints, the level of investment required and 

positive and negative outcomes achieved [40]. The nature of the injury problem also means that a final solution 

can never be achieved, but better solutions are always possible [40]. As such, practitioners observe the effects of 

their injury prevention efforts, make further expertise-based judgments on what is effective or not, adjust their 

injury prevention strategy, and repeat the cycle in an effort to continually improve. Through these iterative 

feedback cycles, practitioners develop increasingly better understanding of what injury prevention approaches are 

most effective in their own context. 

 

An extended example of the conflicts between the traditional approach to injury prevention research and the needs 

of injury prevention practitioners can be given using the FIFA 11+ injury prevention program. The ‘efficacy’ of 

the FIFA 11+ program was established by three successful ecological RCTs in young (13-17 years) amateur 

Norwegian females [45], young (14-19 years) amateur Nigerian males [46] and adult American collegiate males 

[47]. One conflicting study showed no effect of the FIFA 11+ intervention on injury rates in veteran (>32 years) 

German male footballers [48]. Other study types (observational cohort studies) have shown equivocal results 

[49,50]. Based on this evidence (and meta-analysis corroborating these findings [51]), FIFA (soccer’s world 

governing body) and many national member associations (e.g. Deutscher Fussball-Bund, The German Football 
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Association) have expended significant resources implementing this program worldwide [52]. However, in 

practice, uptake and compliance with the FIFA 11+ program has been disappointing [22,53-55]. We would like 

to make the point that the results of traditional injury prevention research do not provide the information that 

practitioners need when making decisions about injury prevention implementation. Among other types of 

information (Table 1), it is particularly important for practitioners to know the following in order to confidently 

implement an intervention - 

 

1. What are the core intervention components? 

Researchers expect injury prevention interventions to be universally applied as they were 

designed, maintaining intervention fidelity—the degree to which an experimental manipulation 

has been implemented as intended [56]. However, as discussed, these interventions are not 

always a good fit across a broad range of implementation contexts. As a result, practitioners 

frequently modify interventions to ‘fit’ within their context [55], but cannot be sure that these 

modifications do not reduce effectiveness. The term core components to refers to the essential 

functions or principles, and associated elements and intervention activities that are judged 

necessary to produce desired outcomes [37]. Identifying the core components of interventions 

would assist practitioners to understand which program or practice elements are "essential" and 

which ones can be modified without jeopardizing outcomes. This is now accepted practice 

within public health settings where complex interventions can be tailored to suit specific 

intervention contexts [38]. Identifying and validating core components is not a simple task, it 

requires research over time and replications across multiple sites [37] requiring researchers to 

remain invested in the research process long after that efficacy of the initial intervention is 

described. As a practical example, researchers recently showed that performing part 2 (strength, 

plyometrics, balance) of the FIFA 11+ after practice rather than in the warm up improved 

compliance and reduced injury burden [57]. This demonstrates that interventions can still be 

improved after their effectiveness has been established by continuing research to determine what 

makes them effective. 

 

2. In what contexts was the intervention successful? 

The RCTs that established the efficacy of the FIFA 11+ [45-47] did not describe or control for 
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training history, injury history, training load or physical characteristics of the participants, all of 

which can influence the risk of injury. They also did not describe the range of responses. It is 

likely that within the FIFA 11+ RCTs some teams have experienced high injury rates despite 

using the 11+, and others experienced low injury rates in the absence of the 11+. Since the 

contexts in which the FIFA 11+ is most effective are not clearly described it is impossible for 

practitioners to understand whether the intervention would be effective in their context.  

 

For example, high levels of strength and neuromuscular control are known to be beneficial for 

both performance and injury prevention [20,58,59], yet neither were controlled for in the FIFA 

11+ RCTs. This makes it difficult to interpret whether the 11+ is effective because it improves 

participant strength, participant neuromuscular control or because of some other mechanism. It 

is also impossible to know whether the FIFA 11+ remains effective for players who undertake 

regular neuromuscular and/or strength training, or if it is effective because it provides a proxy 

for this type of training in groups without access. Practitioners whose teams already engage in 

regular neuromuscular and/or strength training have no evidence that incorporating the FIFA 

11+ will provide any additional benefit. 

 

3. How does the intervention interact with other interventions? 

Due to the requirement for RCTs to be rigorously controlled in their execution, RCTs are 

typically carried out under ‘ideal conditions’ so that the effect of a particular intervention can 

be determined. In contrast, practitioners working at the ‘coalface’ tend to ‘overdetermine’ [60] 

their injury prevention strategies by implementing multiple prevention approaches 

simultaneously (e.g., preventative exercises, training load management, squad rotation, recovery 

activities) [43,44,54,61-63]. Furthermore, practitioners often consider multiple risk factors (age, 

previous injury, training load, fascicle length etc.) [65] and attempt to individualise injury 

prevention interventions based on these [44,65]. The strict experimental structure of RCTs 

makes it impossible for this type of research to explain how an intervention might interact with 

other prudent preventative measures. 

 

4. What is the minimum investment necessary for the intervention to be effective?  
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Understanding the dose–response nature of training and recovery strategies is arguably one of 

the most important considerations for successful implementation. In order to demonstrate 

effectiveness, injury prevention researchers may design interventions that are highly demanding 

of practitioners and/or athletes. This investment can be characterised in terms of time, resources, 

training load and acute fatigue response. While it is clear that some level of investment will be 

required to induce a response (e.g. improved strength, improved landing mechanics, reduced 

fatigue), the cost of this investment needs to be considered. Recently, Fuller (2019) provided an 

assessment of time invested in injury interventions versus injury days averted demonstrating 

that most injury prevention interventions do not provide adequate return on investment [66].  

 

In order to determine cost and benefit, practitioners need to understand what the smallest 

investment likely to obtain an injury reduction might be. For example, it is regularly reported 

that compliance is essential for the FIFA 11+ to be effective [50,67], but the minimum effective 

dose [68] has not yet been established. Players are simply instructed to perform the 11+ “before 

every training session (at least twice per week)” (http://www.f-marc.com/11plus/11plus/). For 

a team that trains 46 weeks per year, this is onerous and repetitive, and probably drives poor 

compliance. Practitioners would benefit from knowing whether performing the program less 

often would be equally effective. It has been demonstrated that hamstring injury prevention can 

be achieved with a lower volume of Nordic curls than the FIFA 11+ prescribes [69], so it makes 

sense for practitioners to align with this rather than stick rigidly to the intervention structure.  

 

There is also an argument that for any intervention to be efficient, it should be a replacement of 

previously existing practice, rather than simply an addition to the current investment. In this 

sense, an intervention would only be viewed as worthwhile if it: a) improves or maintains the 

current level of an outcome (e.g., hamstring strength, injury rates, etc.) with substantially 

reduced investment, or b) substantially improves the current level of an outcome with similar or 

less investment. This philosophy is common in the evaluation of fitness interventions [70] but 

is seldom a consideration in the appraisal of an injury prevention programmes. 

 

5. Does the intervention remain effective long-term? 
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Most neuromuscular training programs show large improvements in the initial stages of 

exposure, but diminishing returns over time [71]. It is well established that regular variation in 

training stimulus is necessary to drive physiological adaptation [72]. All of the RCTs that 

established the effectiveness of the FIFA 11+ were single season observations. No evidence is 

available to show whether the program remains effective in subsequent seasons or whether it is 

subject to diminishing returns. 

 

In short, the current approach to injury prevention research satisfies the needs of injury prevention researchers, 

but not the end users who are individuals, teams and organisations aiming to reduce injury in their own unique 

contexts. Is it any wonder that under these conditions, practitioners choose to use their practice-based experience 

and professional judgement [73] to select and implement bespoke injury prevention interventions, rather than 

maintaining the fidelity of empirically validated interventions [21-23]? As recently reported, coaches often do not 

adopt injury prevention programs because they “do not offer a relative advantage over coaches’ existing 

practices.” [74]  

 

* * * Table 1 near here * * * 

 

Before the implementation of any intervention is seriously considered, the following three questions should have 

been answered – ‘Can it work? Does it work? Is it worth it? [75]. The first two questions relate to efficacy and 

effectiveness, and can be answered with the evidence of clinical and ecological controlled trials respectively. 

These research approaches have high internal validity, but low external validity indicating that the results are 

highly reproducible, but may not be readily transferred to other contexts [42]. The third question relates to 

efficiency – whether the effect of the intervention justifies the effort or resource it consumes. This type of question 

can only be answered through practice-based research and is invaluable to practitioners due to higher levels of 

external validity [42]. It needs to be recognised that while RCTs remain an essential to the development of injury 

prevention interventions, they should not be the final step in the research pathway. Increased focus on the 

production of practice-based evidence will lead to improved better adaptation of that evidence into the real world.  

 

5. Applying implementation science 

In response to the poor uptake of traditionally designed injury prevention interventions in practice, a new branch 
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of injury prevention research has emerged referred to as “implementation science” [76]. The thrust of this field of 

investigation has been to better understand the barriers to injury prevention program implementation and develop 

methods to overcome these [22]. Proposed solutions to the implementation problem include further studies to 

assess intervention adherence [77], coach education programs [74], improved communication strategies [78], 

increased injury prevention advocacy [53], intervention mapping [13,39] and the establishment of knowledge 

transfer groups [79]. In addition, economic arguments have been used to drive mandatory implementation by 

national governing bodies [80]. Implementation science has made meaningful contributions in other fields [81]. 

 

While any efforts to improve the translation of research into practice are welcomed, implementation scientists 

must carefully consider whether the intervention warrants these efforts. If there is a mismatch between the 

characteristics and resources required by an intervention and those available in the applied setting, no amount of 

implementation science will overcome this problem [82]. Using the principles of evidence-based practice, in cases 

where the intervention and environment are incongruent practitioners must use their professional expertise to 

modify the intervention or select other interventions that are more appropriate (Figure 1). To extend an analogy 

from a recent publication on this topic [11], if the injury prevention intervention is represented by a Formula 1 car 

and the intervention context represented by a bumpy country road that the vehicle is ill-designed for, then many 

implementation science interventions represent an attempt to rebuild the road, rather than to redesign the car. 

 

* * * Figure 1 near here * * * 

 

In situations where the intervention and implementation setting are well suited to each other, implementation 

science strategies may be highly successful in driving uptake and adoption. For example, Wilke et al. (2018) 

demonstrated that German football coaches rated the suitability and feasibility of the FIFA 11+ as high within 

their contexts [78]. In this situation, the major barrier to implementation was awareness of the program and the 

authors recommended improved communication strategies [78]. On the other hand, in a study of high school 

soccer and basketball coaches in the USA, the coaches reported that injury prevention interventions were not 

compatible with the coaches’ needs, and difficult to implement in their settings [74]. The authors in this case 

concluded that improved dissemination on its own would not improve compliance and that issues of compatibility 

would need to be addressed. 
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It should be noted that there are a number of important implementation science applications that can take place 

prior to intervention design that can overcome many of the lack of fit problems described [12,13,79,83,84]. 

However, even with the best intentions to design contextually relevant interventions, no single solution can 

possibly be optimal in all situations. Without adaptability built into the interventions implementation scientists 

will inevitably fail to satisfy all stakeholders. 

6. Learning from other industries – success in complex markets 

In order to better navigate the challenges of designing injury prevention interventions suitable for a diverse range 

of real-world contexts, researchers may be able to learn from other industries. In particular, the software 

development industry places a premium on producing effective product solutions that are rapidly adopted within 

unpredictable and complex markets. These products may be either bespoke applications for individual users and 

companies, or mass-market products for broad public use. Central to product development in this context is the 

need for prototyping.  

 

A prototype is an early sample, model, or release built to test a concept or process or to act as a product to be 

replicated or learned from [85]. Within software production, it is generally accepted that following product 

development, the product will still contain a number of known or unknown ‘bugs’. This early release product is 

often referred to as a beta version. Despite being imperfect, the beta version of the software is released on a small 

scale to selected users to test and provide feedback, facilitating general improvement to the product before general 

release. This demonstrates that developers find it impossible to completely describe the complexity of the market 

environment, and as a result choose to cast uncertainty as inherent in product development. As real-world positive 

and negative outcomes emerge, these insights inform adaptation, and product design improves in an iterative 

fashion while the product evolves [86]. A prototyping approach has been previously proposed for the development 

of sports injury prevention interventions, with the developers noting the need to ‘obtain feedback from early 

implementers’ prior to finalising the intervention [83].  

 

In the software industry, the prototyping process has been so effective that a number of notable developers have 

chosen to never release ‘final’ versions of their software, preferring to establish ‘perpetual beta’ versions that 

allow for continuous refinement of the product [87]. Similarly, the field of business management has broadly 

embraced the principle of ‘continuous improvement’ [88] or ‘Kaizen’ [89], a process based model that aims to 

improve business practices through ongoing iterative PDCA (plan, do, check, adjust) cycles.   
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As an endorsement of the relevance of the iterative development cycles for injury prevention, a recent commentary 

on the implications of complexity theory for implementation science noted that “tailored solutions and iterative 

processes” are essential for the transfer of research evidence into practice [90]. Indeed iterative research cycles 

have also been proposed by Pawson and Tilley (1997) as essential for increasing understanding of complex 

problems, and by Tugwell et al (1985) for the evaluation of health interventions [7,91].  

 

It is important to emphasise at this point that conventional approaches to injury prevention were initially described 

as ongoing, iterative feedback loops [9,10]. As originally envisaged, the efficacy of injury interventions should 

be repeatedly and continuously assessed through multiple iterations of the sequence of prevention. These repeated 

cycles of observation are necessary because the introduction of the injury intervention changes the complex 

system (which itself is constantly evolving), resulting in foreseen and unforeseen consequences [3]. As these real-

world outcomes emerge, they provide information that should lead to increased understanding and inform further 

improvement to the intervention. The conventional approach thus provides clear and compelling steps to 

effectively addressing  complex injury problems. Unfortunately, due to the outcomes-based nature of research, 

these iterative cycles are rarely completed. 

 

It is ironic that a prototyping process was used in the development of the FIFA 11+. Its predecessor, the FIFA 11, 

was demonstrated to be ineffective in both youth female [92] and senior male [93] populations. Despite these 

disappointing initial results, these early studies informed later versions of the intervention leading to higher 

exercise volumes and the inclusion of exercise progressions [51]. However, it seems that once the intervention 

was shown to be effective, this was presented as a singular, final solution and no further improvements were 

attempted. 

 

7. Moving forward: Sports injury prevention as a process 

Sports injury prevention research needs to move past the idea of finding singular, final ‘solutions’ to injury 

problems. In order to be relevant, injury prevention solutions must be adaptable to a range of contexts, and have 

the ability to evolve as these contexts change over time. When treating complex medical conditions like cancer, 

medical professionals aim to tailor treatments to be the most suitable for the individual [94]. Why do we then 

think that a singular sports injury prevention solution will work for all people in all contexts? Injury prevention 
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research must stop asking ‘What interventions work?’ and start asking ‘What interventions work in which 

contexts, and why?’. Learning why particular interventions are or are not successful in particular contexts 

enhances both understanding of the intervention mechanism and of the contextual factors that contributed to the 

success or failure. 

 

This article was written with the intention of reminding injury prevention researchers of the process-driven nature 

of injury prevention. Understanding injury prevention as a process requires researchers to set up iterative and 

ongoing feedback loops that embrace learning from previous intervention cycles. This approach (designated the 

team-sport injury prevention [TIP] cycle) is aligned with the actual processes that team sports medical 

practitioners engage in [44], and has been shown to be effective in injury reduction [43,95]. A pertinent example 

of this approach is the success of the RugbySmart campaign in New Zealand, which has recently noted that 

conducting research on program effectiveness and using this information to modify the program and responding 

to facilitator and participant feedback were essential to that program’s success [95]. 

 

Coordinating this approach across multiple research sites would provide knowledge of the effectiveness of 

interventions across a range of contexts.  This approach is illustrated in Figure 2. In this process approach, the 

intervention is not cast as a final solution, but rather as a step in the ‘product development’ pathway. Each iteration 

of the intervention cycle leads to improved understanding of the problem and informs future prevention efforts. 

When the intervention cycle is implemented in new contexts, further information regarding the core intervention 

components and degrees of freedom available for adaptation of the intervention emerge, informing further 

adaptations to improve efficacy in context. Through this approach, injury prevention research becomes less about 

whether an individual intervention ‘works’ or not, but more about how well it works within a system or process, 

whether it can be improved, and how. The product of this process based approach is a continually evolving and 

adaptable intervention that can be confidently articulated to be effective in a range of contexts. 

 

* * *  Figure 2 near here * * * 

 

8. Harnessing the process model for research 

This section discusses approaches that could be used to operationalize the process model for injury prevention in 

research. On the smallest scale, it should be recognised that there is value in single team practice-based research, 
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particularly if this can be conducted longitudinally over multiple seasons. This approach allows for the description 

of specific intervention contexts [11], the implementation of bespoke pilot interventions within these contexts, 

and meaningful interpretation of the successes or failures of these interventions. This research should not aim to 

overly regulate interventions, or to sanitise the context, but must rather observe and describe interventions in 

context as they evolve and adapt. It is in this space where practitioners have the opportunity to address the 

research-practice gap by providing much needed practice-based evidence to supplement the evidence base.  

Practice-based researchers (practitioners with research training) have an important role to play in this process 

because they are uniquely placed to understand the needs of end-users and the necessary research processes [12].  

One challenge to this type of research is that many experts working in practice do not have the time to document 

and report their developing understanding of effective injury prevention in their own context. One potential 

solution to this problem is the emergence of a quick review online practitioner journal where case studies can be 

easily published (https://sportperfsci.com). 

 

On a larger scale, league wide injury surveillance is becoming common in many sports [96] (e.g. England’s 

Professional Rugby Injury Surveillance Project, and the UEFA’s Elite Clubs Injury Study). Typically, these 

epidemiological data report the average injury incidence and burden in a sample population, but do not explore 

what is happening in teams or organisations that are well above or well below the mean. Applying a “bright spots” 

approach where observable exceptions that produce results above the norm with only the same kinds of resource 

[97] are investigated to understand why they are successful can be a powerful tool for injury prevention research. 

Qualitative research could describe the processes that teams and organisations who are successful in injury 

prevention adopt, explaining how these results are achieved and why they are efficacious in those settings. This 

type of research has clearly enhanced medical practice in a number of areas [98], and could be similarly effective 

in encouraging improved practice in sports injury prevention. 

 

These co-ordinated league-wide surveillance projects also present opportunities to leverage research approaches 

from clinical and public health structures that have addressed similarly complex problems. In particular, practical 

clinical trials [99], and community-based participatory research (CBPR) [100] are approaches which could be 

fruitful areas for research that is useful to practitioners. 

 

https://sportperfsci.com/
https://sportperfsci.com/
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Practical clinical trials deliberately compare alternative interventions in diverse contexts to provide data that 

inform decision making for end users. This research approach has been demonstrated to provide rapid and 

contextually relevant research outcomes for practitioners [101] but requires significant resource to complete.  

 

Community-based participatory research relies on the development of collaborative partnerships that equitably 

and actively involve community partners (in this case sports teams) in all aspects of the research process. Since 

teams are likely to benefit from reduced injury burden, it may be possible to include a number of teams in the 

iterative process of data collection, intervention development, and evaluation, provided that interventions are 

adaptable to the team context and adequate support is provided [102]. The principles of CBPR include the 

following [100]: 

a. Build on strengths and resources within the community 

b. Integrate knowledge and action for mutual benefit of all partners, which draws attention to local social, 

cultural, and political issues 

c. Promote a co-learning and empowering process between the research team and community 

collaborators, which can anticipate and bridge gaps between program design and eventual adoption 

settings/populations 

d. Use a cyclical and iterative intervention development and evaluation process that allows integration of 

new knowledge 

e. Address health from both positive and ecological perspectives, identifying factors across multiple levels 

that influence study outcomes 

f. Disseminate findings and knowledge gained to all partners, so that no one member of the team has 

“ownership” of the outcome data or its interpretation 

g. Facilitate collaborative, equitable involvement of all partners in all phases of the research. 

 

The CBPR approach allows for interventions to be applied in multiple settings, and allows for practitioners within 

those settings to use their experience and expertise to make appropriate modification to the intervention to ensure 

its ‘fit’ within that context. This approach recognises the expertise of practitioners working in these environments 

who integrate the best currently available scientific evidence with professional expertise and experience to 

produce pragmatic solutions for their context [64,83], thus diminishing the gap between researchers and 

practitioners. 
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In conjunction with both these research approaches, it would be useful to conduct process evaluation research in 

parallel [67]. While practical clinical trials and CBPR will provide information on what interventions work best 

in different contexts, process evaluation research is likely to provide valuable information regarding what was 

actually done in each setting (fidelity), likely mechanisms of effect and how contextual factors affect 

implementation. Again, this information is highly aligned with the needs of practitioners who are responsible for 

making decisions regarding the implementation of injury prevention measures. 

 

9. Conclusion  

Sports injury prevention research needs to move past the idea of finding singular, final ‘solutions’ to injury 

problems, and acknowledge that multiple, evolving initiatives are viable across complex contexts. Intervention 

developers must adopt iterative feedback processes that embrace uncertainty and hold space for the evolution of 

interventions in context.  In this way, sports injury prevention as a process has real-world responsiveness, and 

requires a different framing. The outcome, then, does not lie in definitive solutions, but rather in what we can 

learn from the process of intervention. This places the focus sharply on understanding the process of (ongoing) 

intervention, rather than measuring the (final) outcome product. 
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Figures 

 

Fig 1 Representative decision making flow chart for practitioners considering whether to implement and injury 

prevention intervention 
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Fig 2 Utilising the team-sport injury prevention cycle as a feedback loop to inform the continuous development 

of injury prevention interventions in context   
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Table 1 Types of information that will be useful for injury prevention research end users (coaches, administrators 

and medical staff) in determining implementation strategies. 

Information type Type of research required Reasoning 

Injury etiology Risk factors and mechanisms How does this injury occur in 

my context? 

Can the intervention work? Randomised controlled trial If an intervention doesn’t work 

under highly controlled 

settings, it is unlikely to work 

in the real world. 

Does the intervention work in other 

real world settings? 

Ecological controlled trial If it works in another setting it 

might work for me. 

In what contexts is the intervention 

effective? 

− Level of competition 

− Training history 

− Injury history 

− Experience 

− Resources available 

− Physical ability (e.g. strength or 

aerobic ability) 

− Training schedule 

− Match frequency and exposure 

 

Ecological controlled trial 

Single team case studies 

Community-based participatory 

research 

Information about how 

different a context is to the 

practitioner’s context assists 

judgements regarding the 

likelihood of success. 

How does the intervention interact 

with other preventative measures? 

Single team case studies 

Community-based participatory 

research 

Practical clinical trials 

Process evaluation research 

Supports judgement around the 

implementation of new 

preventative measures around 

established practices. 

Range of effects Ecological controlled trial 

Single team case studies 

Community-based participatory 

research 

Supports analysis of cost vs. 

potential benefit of 

implementation 

Minimum effective dose Dose response trial 

Process evaluation research 

How much effort is required to 

obtain the desired effect? 

Parameters available for intervention 

modification 

Process evaluation research 

Single team case studies 

Community-based participatory 

research 

Can I modify this intervention 

to fit within my context? 

Is this intervention subject to 

diminishing returns? 

Longitudinal studies Will this remain effective, or 

does it need to evolve? 

Feasibility Process evaluation research 

Single team case studies 

Ecological controlled trial 

Qualitative research 

Can this be implemented in my 

context? 

Cost and economic analysis Cost-effectiveness analysis Can we afford to implement 

this? 

Why has this intervention been 

successful/unsuccessful in other 

contexts? 

Process evaluation research 

Single team case studies 

Qualitative research 

Community-based participatory 

research 

How or why did this 

intervention work? Can we 

replicate those conditions? 

 

 


