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ABSTRACT
Background/aim The participation of individuals with 
physical impairment in sports has numerous benefits, yet 
there is also the risk of sustaining sport- related injuries 
or illnesses. Therefore, prevention programmes of these 
problems are needed to ensure that individuals can 
maintain a healthy, active lifestyle. Currently, very few 
prevention interventions are accessible for these athletes. 
Therefore, the article aims to describe the development 
process of the Tailored Injury Prevention in Adapted Sports 
intervention, an online tailored injury and illness prevention 
intervention for athletes with a physical impairment.
Methods The development was guided by the 
Knowledge Transfer Scheme (KTS).
Results In the first step, a cohort study and a qualitative 
study were conducted to define the problem statement. 
In the second step, a systematic review was performed 
in order to learn from theory. Steps 3 and 4 involved an 
iterative process involving collaboration with diverse 
expert groups. This included defining athletes’ needs 
and creating a health problem blueprint, after which the 
intervention content was created. To ensure accuracy and 
completeness, a feedback loop was incorporated. In the 
final phase of this step, we refined the language used 
within the intervention together with athletes. Finally, an 
effect and process evaluation will take place in the last 
step of the KTS.
Conclusions Through a five- step approach of the KTS, 
we developed an online injury and illness prevention 
intervention for athletes with a physical impairment. This 
intervention provides direct, timely feedback based on their 
current health status. Furthermore, it takes the sport and 
the physical impairment of the athletes into account with 
regard to the given prevention advices.

INTRODUCTION
Multiple studies have identified participa-
tion in sports for individuals with a physical 
impairment to positively impact self- esteem, 
physical well- being, sense of belonging and 
freedom and a high quality of life.1–6 However, 
sports participation can also have negative 
consequences, namely the risk of sustaining 
sport- related health problems, such as 

injuries and illnesses.7 8 These health prob-
lems may affect not only their participation in 
sport, but also in daily life activities. Especially 
those of athletes with physical impairments, 
because they add to existing limitations due to 
their disability.9–11 For instance, if an athlete 
with a spinal cord injury sustains shoulder or 
respiratory problems, this impacts not only 
sporting activities but also daily life tasks, 
social activities, work or school. This could 
result in a decline in an individual’s willing-
ness to participate in sports.12 13 Therefore, it 
is important to prevent sport- related injuries 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Participation in sports for individuals with physical 
impairments have a positive impact on various so-
cial, mental and physical variables.

 ⇒ The burden of sport- related injuries and illnesses 
is notably high in this population, partly due to the 
existing impairment.

 ⇒ Accessible prevention interventions for these ath-
letes are currently limited.

WHAT THIS STUDY ADDS
 ⇒ Prevention interventions in adapted sports should be 
tailored to the type of sports and physical impair-
ments of the athletes.

 ⇒ An online health monitoring system could form the 
foundation for an intervention aiming at providing 
timely, tailored prevention advices.

 ⇒ Involvement of athletes and healthcare profession-
als in cocreation bridges the gap between research 
and practice, facilitating the development of inter-
ventions that align with athletes’ needs and contex-
tual factors.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ If proven effective, the Tailored Injury Prevention in 
Adapted Sports tool could be an accessible way to 
provide athletes with timely, tailored preventive ad-
vices to prevent sport- related health problems and 
enable long- term participation in sports.
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and illnesses to ensure that individuals with physical 
impairment can maintain a healthy, active lifestyle and 
continue their long- term involvement in sports.

Due to the heterogeneity of athletes with physical 
impairment, the ‘one- size- fits- all’ strategy frequently 
used in sports injury prevention is not suitable. This 
heterogeneity is visible in, for instance, the classification 
efforts needed for competition events.14 15 This shows 
the complexity of the adapted sports community, given 
the participating athletes’ various sports and physical 
impairments. This is probably a major reason for the scar-
city of programmes designed to reduce injuries among 
these specific athletes, which leads to limited knowl-
edge regarding effective injury prevention strategies.7 8 
A reported potentially effective strategy is health moni-
toring in adapted sports, which can improve athletes’ 
health literacy and prevent sport- related health prob-
lems.16 Providing prevention advice based on the health 
status report might be an interesting approach for this 
heterogeneous athlete population to increase the bene-
fits of this health monitoring approach. A key component, 
however, is that such an approach should consider the 
unique context and needs of the athletes and, therefore, 
preferably employ an individualistic approach.17–19

In the Netherlands, the above- mentioned novel individ-
ualistic approach has been developed to provide timely, 
tailored injury prevention advice for athletes with a phys-
ical impairment, hereafter referred to as ‘athletes’. The 
development of this intervention, called the TIPAS inter-
vention (Tailored Injury Prevention in Adapted Sports), 
was guided by the Knowledge Transfer Scheme (KTS), 
which serves as a bridge between scientific research and 
practical application.20 The KTS is a framework devel-
oped to ensure that the development of a sports injury 
prevention programme is systematically built on knowl-
edge from both theory and practice. The current paper 
aims to describe the systematic development of the TIPAS 
intervention using the KTS framework.

DEVELOPMENT OF THE TIPAS INTERVENTION
The five steps of the KTS20 have been defined as follows: 
(1) describing the problem as encountered in prac-
tice; (2) gathering all available evidence relevant to the 
problem; (3) engaging with representatives from prac-
tice, often practitioners or experts in the area, to discuss 
the completeness of the evidence; (4) developing the 
intervention and (5) evaluating the effectiveness and 
(development) process of the intervention.20 This evalu-
ation aims to understand the impact of the intervention 
and any areas for improvement. A schematic overview of 
the KTS steps taken in developing TIPAS is presented in 
figure 1. Patients or the public, namely athletes, health-
care professionals and researchers, were involved in the 
design and conduct of our research.

Step 1: problem statement
To assess the sport- related health problem in our athletes, 
we conducted a prospective cohort and qualitative study 

in the Netherlands.21 22 First, we conducted a prospec-
tive cohort study during one sporting season period 
(40 weeks) to describe the injury and illness problems 
of athletes with physical impairment in the Netherlands. 
Our main aim was to describe the prevalence, magnitude, 
severity and burden of sport- related health problems in 
athletes with a physical impairment.21 The results demon-
strate a high weekly prevalence of health problems and 
differences in injury severity among different impair-
ment categories and sports levels. This study yielded a few 
key take home messages, as is presented in table 1.

Second, we conducted a qualitative study with athletes 
and healthcare professionals to better understand the 
‘injury and illness problem’ in context. The main aim was 
to understand the perspectives of athletes and healthcare 
professionals regarding injuries, risk factors, preventive 
strategies and treatment of sport- related health problems 
(table 1—online supplemental appendix 3).22

Step 2: evidence synthesis and description
In the second step of the project, we aimed to describe all 
available evidence on injury prevention in athletes with a 
physical impairment. We conducted a systematic review 
to provide a comprehensive overview of the literature on 
sports- related health problems, their aetiology, preventive 
measures and their efficacy in reducing injury prevalence 
in para sports (table 1).8 17 23 This overview complements 
the overview of sports- related health problems in adapted 
sports in the Netherlands of step 1, which forms the base 
of the ‘problem statement’ required for this approach.

Steps 3 and 4: knowledge transfer group and intervention 
development
The third step of the KTS is to translate the theoretical 
and descriptive information gathered in the first two 
steps into practice by establishing knowledge transfer 
groups (KTGs).20 The fourth step of the KTS focusses on 
the development of the intervention and aims to describe 
the goal of the intervention, the target groups and the 
context surrounding the intervention based on all the 
knowledge gathered in the first three steps. Due to the 
iterative process of multiple KTGs during the develop-
ment of the TIPAS intervention, we will describe steps 3 
and 4 together through phases, ending with a description 
of the intervention.

Phase 1: what are the needs of the athletes?
Following the first two steps of the KTS, a concept 
for the TIPAS intervention was developed based on a 
previously proven effective intervention for athletes 
without impairments.19 Hespanhol et al showed that 
providing direct feedback based on runners’ health 
status, measured by the Oslo Sports Trauma Research 
Centre (OSTRC) questionnaire on health problems,24 
was an easy and effective way to reduce injuries.19 The 
TIPAS intervention will follow this concept of providing 
direct feedback based on self- reported health status 
tracking and adding personalisation based on individual 
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differences between athletes. The first KTG, involving 
athletes, was established to evaluate this intervention’s 
feasibility, attractiveness, facilitators and barriers. 
During this phase, we interviewed athletes individually 
to gather their perspectives on direct, timely, tailored 
online preventive advices. To reduce the burden on the 
athletes, these questions were incorporated into the 
interviews performed in step 1 (online supplemental 
appendix 3).22 The interviewers explained the TIPAS 
concept shortly, emphasising how the athletes would 
gain automatic feedback based on self- reported sport- 
related health problems measured by a weekly survey. 
No examples were initially given to ensure that the 
athletes could express their ideas and thoughts on the 
TIPAS concept without being guided in a specific direc-
tion by the interviewer. If the concepts were unclear, the 
interviewer would provide an example. The example 
contained a story about an athlete whom reported a 

blister. Based on that report, the athlete would receive 
direct information about how to treat the blister, prevent 
it from getting worse and prevent it from happening 
again. Generally, athletes were interested in the concept 
of an online injury prevention tool and highlighted the 
accessibility, support and information it could provide 
them. Most athletes were interested in more information 
regarding specific sports and daily life- specific advices 
to prevent sport- related health problems. However, 
we also identified some barriers, such as the concern 
that the injury prevention tool could not be sufficiently 
personalised to individual needs, making it unappealing 
to some. The athletes emphasised their unique contexts 
(due to different physical impairments, sports and daily 
living characteristics), which would make it challenging 
to tailor the intervention to each athlete. Furthermore, 
the athletes mentioned that an online tool would prob-
ably be most beneficial for recreational level athletes 

Figure 1 Flow chart of the development process of the TIPAS intervention following the five steps of the Knowledge Transfer 
Scheme with the additional TIPAS phases. TIPAS, Tailored Injury Prevention in Adapted Sports.
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since most elite level athletes already have access to 
medical support teams.

Phase 2: the health problem blueprint
After SCML and SCNJ combined the information gath-
ered in steps one and two, and the interviews at the 
beginning of step 3, a comprehensive overview was created 
encompassing the target population, sport- related health 
problems, potential risk factors and the intervention’s 

conceptual framework. The second KTG was established, 
consisting of 14 medical healthcare experts with different 
fields of expertise (eg, physical therapists, sports physi-
cians and rehabilitation physicians). The healthcare 
experts were recruited using snowball sampling facil-
itated by the research team through email, face- to- face 
interactions or phone calls. Eligible professionals were 
those aged 18 or older with self- reported experience in 
sports injury prevention and treatment.

Workshops were organised with these healthcare 
experts to discuss the thoroughness and complete-
ness of the overview. These discussions ensured that all 
aspects of sport- related health problems faced by athletes 
were represented. Through these discussions and the 
subsequent incorporation of additional information, a 
consensus was reached that the overview of sport- related 
health problems of athletes was complete at this stage of 
intervention development.

Phase 3: content creation
The focus of the discussion moved on to the specifics 
of the intervention content. Based on the results of 
the cohort study, the systematic review and the expe-
rience and knowledge of the KTG of phase 2, it was 
evident that the intervention should be tailored to the 
physical impairment of the athlete. Due to the type of 
physical impairments of the athletes participating in the 
prospective cohort study and based on the para sport 
translation of the International Olympic Committee 
(IOC) consensus statement on reporting and recording 
epidemiological data,25 five categories were deemed 
sufficient at this stage. The five physical impairment cate-
gories are as follows: spinal cord- related disorder, brain 
disorder, neuromuscular disorder, limb deficiency and 
impaired passive range of motion.

Furthermore, the established KTGs of phase 2 
discussed the importance of tailoring the intervention 
to the type of sports the athlete plays. A fundamental 
distinction was made between seated and non- seated 
sports as this distinction significantly influences the load 
on the athlete’s body during sports and daily life activi-
ties, necessitating different prevention strategies.

Finally, the level of sports was discussed with this expert 
KTG and deemed not urgently important to consider 
at this stage. They based their conclusion on feedback 
from athletes and healthcare experts, who suggested that 
recreational athletes would likely benefit more from an 
online intervention. Furthermore, the medical experts in 
the KTG argued that athletes at all levels could use the 
intervention, provided they found it relevant and useful. 
This advice was based on the finding that the type of 
health problems did not differ between recreational- level 
and competitive- level athletes, only the prevalence and 
severity of these health problems differed.

Phase 4: the feedback loop
Following the workshop discussions in phase 3, the gath-
ered and discussed information was integrated into the 

Table 1 Key take home messages from the prospective 
cohort study, qualitative study and systematic review of 
steps 1 and 2 with regard to the development of an injury 
and illness prevention intervention for athletes with physical 
impairments.

Cohort study 
(step 1)

The differences between the physical 
impairment categories underline the 
need for impairment- specific prevention 
strategies.

Although physical impairments have been 
broadly classified into five categories, 
recognising the differences between 
these groups provides an initial possibility 
to tailor injury prevention strategies to 
specific subgroups. This precedes further 
exploration and refinement within each 
category.

The differences between the levels of 
sports, namely, recreational, nationally 
competitive and internationally competitive, 
show that the level and experience of the 
athletes should be taken into account when 
developing injury and illness prevention 
strategies.

Qualitative 
study (step 1)

Medical professionals frequently referred to 
pain as an indication of an injury, but not all 
athletes agreed. Athletes report that pain is 
not an injury, but if you have an injury, you 
could experience pain.

Athletes often mention sports and daily life 
restrictions as identifiers of an injury.

When developing or implementing future 
prevention and rehabilitation programmes, 
it is crucial to take into account the 
similarities and discrepancies in 
perspectives between athletes with physical 
impairment and healthcare professionals 
to enhance understanding and therefore 
adherence to programmes.

Systematic 
review (step 2)

The overview shows a wide spectrum of 
reported sport- related health problems in 
para sports, partly due to the variety of 
health problem definitions.

There is conflicting information concerning 
the reported risk factors.

Little research has been conducted on 
developing and evaluating prevention 
strategies for para athletes.
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first concept version of the intervention. For this concept, 
a decision tree was developed based on the poten-
tial answers of athletes on the OSTRC questionnaire 
(see ‘summary TIPAS intervention’).24 26 The draft was 
emailed to all medical stakeholders from the different 
fields of expertise to ensure accuracy and relevance and 
to check if the information provided during the work-
shops was interpreted correctly. Feedback was provided 
by 14 healthcare experts via email. This collaborative 
and iterative process of receiving and incorporating feed-
back refined the intervention. All feedback was carefully 
considered and incorporated, leading to the TIPAS inter-
vention’s final version, described below.

Phase 5: athlete-tested language
Finally, a third KTG, consisting of athletes, was estab-
lished, and an online workshop was organised to discuss 
how to structure the intervention and phrase the preven-
tive advice it would offer. Nineteen athletes, selected 
based on representing the various sports and physical 
impairments participating in the prospective cohort 
study of step 1, were invited through email to participate 
in the session. A ‘quiz’ was made to stimulate an engaging 
discussion, presenting multiple options for phrasing each 
preventive advice. After choosing their favourite phrasing 
option, athletes were invited to engage in a discussion 
about their choices. This method encouraged athletes 
to articulate their preferences and reasons, providing 
insights into how the intervention’s content should be 
communicated. The discussion was audio recorded and 
informally analysed to determine the key messages from 
the athletes. The main take- home message from these 
athletes was that the preventive advice should be formu-
lated in a clear, direct and understandable way without 
unnecessary text. The main take- home message, the 
answers to the quiz (a questionnaire with ten questions, 
each with two or three response options) and the open 
discussion were used as input. The input was used to draft 
a final version of the intervention. This version was sent 
to a language expert to ensure all information provided 
was phrased correctly.

Summary TIPAS intervention
The TIPAS intervention provides online tailored sport- 
related health problem prevention advice to athletes with 
a physical impairment (figure 2). The TIPAS interven-
tion targets adult athletes of all levels who participate in 
(non- )regulated sports at least once a week. The TIPAS 
intervention is focused on recreational athletes, but is 
available by athletes across all levels. The TIPAS interven-
tion provides insight into the self- reported health status 
of the athlete and translates this into personalised preven-
tion advice (online supplemental appendix 1).19 24 26 27 
Each week, the athlete completes the Dutch translation 
of the OSTRC questionnaire, which was previously used 
and adapted for this target population.21 26 27 The TIPAS 
intervention is distributed via the online survey platform 
Survalyzer.28 After completing the survey, the athlete 
receives automatically generated tailored prevention 
advice in the same online environment after the last 
question. This prevention advice is based on the type of 
physical impairment and the nature of the athlete’s sport. 
The advice can be grouped into three main categories: 
(1) If the athlete does not report any health complaint, 
the TIPAS intervention generates prevention advice to 
prevent the onset of health problems. (2) If the athlete 
reports a minor health complaint, the advice generated 
is focused on preventing the complaint from worsening 
and the management options. (3) If a severe health 
problem is reported by the athlete, the TIPAS interven-
tion provides the advice to seek medical attention and 
information on where to find appropriate medical assis-
tance. The severity of the self- reported health problem is 
based on the answers to questions 2 and 3 of the OSTRC 
questionnaire, where a distinction between substantial 
and non- substantial health problems can be made.27

Step 5: intervention evaluation
The final step of the KTS focuses on the evaluation of 
the designed measure. Currently, we are conducting 
a randomised controlled trial (RCT) to evaluate the 
effectiveness and process of the TIPAS intervention. 
Originally, the KTS describes that the evaluation could 
be limited to a process evaluation when an intervention 

Figure 2 Visualisation of the TIPAS intervention. TIPAS, Tailored Injury Prevention in Adapted Sports.

https://dx.doi.org/10.1136/bmjsem-2024-001945
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is based on evidence.20 However, in our case, due to the 
lack of quality evidence on the effectiveness of our inter-
vention components for our target group, we decided to 
conduct an effectiveness study and a process evaluation 
in this final step.8 20

In the RCT, we are collecting information on the 
health complaints of the users of the TIPAS intervention 
during one sport season. The effectiveness will be deter-
mined based on changes in reported sport- related health 
problems over time based on the OSTRC questionnaire 
outcomes.21 24 27 Additionally, we will take the severity of 
the health problems into account.

The process evaluation is based on the Medical Research 
Council (MRC) framework of process evaluation of 
complex interventions, focussing on implementation, 
mechanisms and context throughout the various phases 
the participant went through during the intervention.29 
These phases are an evaluation of the inclusion of partic-
ipants, the intervention period and the period following 
the intervention leading to the implementation of the 
intervention. During the intervention period, data will be 
gathered on intervention acceptability, fidelity, barriers 
of use and user experience through semistructured inter-
views. Furthermore, a change in preventive behaviour 
will be measured using a baseline questionnaire and a 
3 month, 6 month and 9 month follow- up questionnaire 
regarding preventive behaviour and athletes’ perspectives 
regarding beliefs, knowledge, skills, beliefs about conse-
quences, goals, optimism and social influences regarding 
injury prevention.19 A matrix with the components of the 
process evaluation and the corresponding data sources 
are provided in online supplemental appendix 2.

DISCUSSION
The TIPAS intervention aims to provide direct, timely 
and tailored injury and illness prevention advice to 
athletes with a physical impairment. Guided by the 
KTS, we developed this intervention using input from a 
prospective cohort study, a systematic review, interviews, 
and workshops.

The relative lack of research on sports- related health 
problems in athletes with physical impairments8 and the 
need for a prevention programme has led to the develop-
ment of the TIPAS intervention, which is largely based on 
an established intervention for athletes without impair-
ments.19 This approach hinges on the fundamental 
concept of health monitoring, which has demonstrated 
effectiveness in adapted sports contexts.16 19 Given the 
lack of interventions in adapted sports, the primary 
objective of the TIPAS project is to determine the effec-
tiveness of that concept within this specific population.

With this concept in mind, we developed the TIPAS 
intervention that considers the current health status, 
five physical impairment categories and two sports 
categories. This categorisation was intentionally kept 
minimalistic in this first stage of development. This deci-
sion was influenced by the lack of evidence that further 
division of the physical impairment or sports categories 

would result in a more effective prevention interven-
tion.7 8 21 22 30 Furthermore, this decision was influenced 
by pragmatic reasons, given the complexity of this athlete 
population. This resulted in a tool that is only minimally 
tailored to the context of the athlete, making it easier to 
implement but perhaps also less effective for the athlete. 
Furthermore, as expressed in steps 3 and 4, during the 
development of this intervention, we focused mainly 
on athletes of recreational level, even though the inter-
vention is also usable for athletes of competitive level. 
Due to the ever- changing and context- dependent envi-
ronment regarding injury prevention, the focus of the 
evaluation will, besides an effectiveness evaluation, be on 
process outcomes to determine which factors contribute 
to a successful implementation of this new concept and 
which factors need attention before implementation.31–33 
Given the unique heterogeneous contexts of the athletes, 
the intervention can be further developed and tailored 
to the athletes’ needs after evaluating the process and 
effectiveness of this first round of development.8 16–18 For 
instance, if the tool also needs to consider the sport level, 
the various adaptive equipment the athletes can use, or 
if more sports and impairment categories are needed to 
further tailor the tool to the contexts and needs of the 
athletes.8 After the evaluation, we can determine if it can 
be used without interaction with professionals, such as 
coaches or healthcare experts, or if it should be used as a 
supplementary tool by professionals.

The development process of the TIPAS intervention 
is strengthened by using the KTS framework, which 
provided a structured approach for gathering and 
combining theoretical, scientific and practice- based 
knowledge.31 34 Especially with the heterogeneous target 
group and the various involved stakeholders, the KTS 
helped to structure and guide the development process 
so no voices went unheard. By incorporating the various 
feedback stages of all stakeholders, we believe that all 
perspectives are taken into account. By engaging end- 
users and other stakeholders from the outset, the TIPAS 
intervention is more likely to align with its target audi-
ence’s real- world needs and conditions.20

The engagement of end- users across all stages of 
the systematic development of an injury prevention 
programme has gained in popularity over the recent 
years.35–37 To the best of our knowledge, the TIPAS inter-
vention is the first intervention focussing on adapted 
sports. If proven to be effective, this intervention shows 
the possibilities of directly involving athletes with an 
impairment in the systematic development of an inter-
vention, ensuring that the intervention meets their needs. 
Furthermore, if proven effective, this systematic develop-
ment process could be used to guide further tailoring 
of the TIPAS intervention for athletes with a physical 
impairment, or even to broaden the target group to 
ensure that all athletes, regardless of type of impairment, 
could participate in sports in a safe and healthy way.

Regarding the process evaluation in step five, the KTS 
suggests using a framework, such as the RE- AIM (RE- AIM, 

https://dx.doi.org/10.1136/bmjsem-2024-001945
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Reach, Effectiveness, Adoption, Implementation and 
Maintenance) framework.20 We decided to use the MRC 
framework to guide our process evaluation.29 Due to the 
strong emphasis of the MRC framework regarding the 
context in which the intervention is implemented and 
the focus on understanding the intervention’s mecha-
nisms, fidelity and contextual factors, we determined 
this framework will help us understand not just whether 
the intervention works but how and in what contexts it 
is most effective. This approach is required for complex 
interventions, where the interaction between the inter-
vention and this complex environment can significantly 
influence outcomes.38 The choice of framework thus 
aligns to ensure that the TIPAS intervention is effective, 
adaptable and relevant to the specific settings in which it 
will be implemented.

CONCLUSION
The development of the TIPAS intervention represents 
a significant step forward in creating tailored injury 
and illness prevention advice for athletes with physical 
impairments. The iterative process between key stages of 
the KTS and the active involvement of a variety of stake-
holders has been crucial in aligning the intervention 
with the real- world needs and contexts of athletes. While 
the decision to employ a minimalistic categorisation 
approach and focus mainly on recreational athletes may 
raise questions about the intervention’s broader appli-
cability, these choices also reflect a pragmatic approach 
to addressing the diverse needs of the adapted sports 
community. The TIPAS intervention, therefore, stands 
as a promising model for injury prevention in adapted 
sports, with its success contingent on ongoing evaluation, 
refinement and responsiveness to the evolving needs of 
its target population.
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