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Abstract

Objective: To provide consensus on how to plan, organize and implement exercise-based
injury prevention program (IPP) in sports. Design: Delphi. Setting: LimeSurvey platform.

Participants: Experienced sports physical therapists from the International Federation of
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Sports Physical Therapy member countries. Main outcome measures: Factors related to

=
[@2Ne]

sports IPP planning, organization and implementation. Results: We included 305 participants

=
=

from 32 countries. IPP planning should be based on an athlete’s injury history, on pre-season
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screening results, and on injury rates (respectively, 98%, 92%, 89% agreement). In total 97%

=
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participants agreed that IPP organization should depend on the athlete's age, 93% on the

e
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competition level, and 93% on the availability of low-cost materials. It was agreed that IPP

=
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should mainly be implemented in warm-up sessions delivered by the head or
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strength/conditioning coach, with physical training sessions and individual physical therapy

N
N

sessions (respectively, 94%, 92%, 90% agreement). Conclusion: Strong consensus was
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DSow

reached on (1) IPP based on the athlete’s injury history, pre-season screening and evidence-
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based sports-specific injury rates; (2) IPP organization based on the athlete’s age, competition

NN
o

level, and the availability of low-cost materials and (3) IPP implementation focussing on

w N
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warm-up sessions implemented by the strength/conditioning coach, and/or individual

w
=

prevention sessions by the physical therapist.
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Introduction

The risk of injury is part of sports participation, and injury is recognized as a significant
problem due to the consequences on athletic performance and related costs for the sport team
and athlete’s family”’. Due to its nature and surveillance, it is difficult to guarantee pure
primary or secondary prevention approaches for sports injuries in elite athletes?>*7,
Therefore, usually sport injury prevention is delivered combining primary, secondary and
tertiary approaches. Sports related musculoskeletal injuries are a complex phenomenon,

4,8,20

arising from multiple interactions between underlying factors™*~", making injury prevention

challenging®?°. Thus, to be effective, sports injury prevention programmes (IPPs) would need

to incorporate different components specific to the individual high performance athlete!%%,

Contemporary research has built solid evidence on the effectiveness of exercise-based IPPs to

reduce injury rates and severity?>->®

and, consequently, an athlete's absence from training and
competition®®. However, this evidence commonly involves young sub-elite athletes?*, while
strong evidence on IPP strategies and their effectiveness in adult elite athletes is still
lacking®!**!. More so, for specific injuries such as hamstring strain?!' and patellar
tendinopathy®!, the incidence/prevalence rates are still high and even tend to increase over the
past years, despite prevention efforts?!. To date, we have not succeeded in preventing certain
sports injuries from occurring during the competition season. This could be attributed to a
limited understanding of the injury aetiology® and context'® behind those injuries, the lack of
structured individualised prevention strategies'®, implementation barriers'*’, and the lack of

communication between peers'®1%5°,

Different concepts regarding injury risk (e.g. prediction or probability, risk profile or risk
factor)*® and diversity in methodologies on sports IPPs could contribute to diverse
approaches in clinical practice and conclusions obtained from sport injury prevention
research. The development of a consensus on exercise-based sports IPPs could inform ‘best
practice’ injury prevention guidelines and assist sports physical therapists during the
associated decision-making processes. Unfortunately, there is no previous consensus
published on how to plan, organize and implement an exercise-based IPP in sports, with no
evidence to guide the best approach. Therefore, the aim of this study was to use an

international Delphi approach to develop a consensus among experienced sports physical



O ~J o Ul b WN

OO CTUI U UTUIUTUTOTOT S DB BB DEDDEDWWOWWWWWWWWWNNNNNNMNNNMNNNERERERRRR R R
OB WNHFRFO WO IO WNROWVW®O-JAUTDWNROW®O®-JdAUDRWNROWWTIANUBRWNREOWOO-TUNSWNR OO

therapists to provide guidelines on how to plan, organize and implement exercise-based IPPs

in high performance sports.

Methods

We used a three-round Delphi approach to establish consensus from a panel of experienced
sports physical therapists on how to plan, organize and implement IPPs in sports. We used
the guidance on conducting and reporting Delphi studies (CREDES) to report this study>°.
We used the International Federation of Sports Physical Therapy (IFSPT) membership
database to recruit participants. Our intention was to develop a consensus based on the
expertise of international sports physical therapists. Each Delphi round involved the
following steps: (1) data collection via an online anonymous survey (using the LimeSurvey®
platform), (2) analysis of responses and survey modification, and (3) provision of feedback to
the panel of sports physical therapists before the subsequent round. The goal of the Delphi
process was to achieve an a priori defined level of agreement (>70%) between the members
of the panel.!” This study was approved by the Ethics Committee of the Ghent University
Hospital (Ghent, Belgium) (#B6702020000151). All participants provided electronic

informed consent before agreeing to participate.

Definitions

We defined “athletes™ as "individuals of young and adult age, engaged in exercise training
on a regular basis and participating in official sports competition, either amateur or
professional’’. “Official sports competition” (local, regional, national, or international) was
defined as “an organized team or individual sports event, placing a high premium on athletic
excellence and achievement, that is organized and scheduled in the agenda of a recognized
Athletic Association™'. Sport injury prevention programs (IPP) was defined as exercise-
based interventions delivered with the purpose to reduce the probability of an athlete get

injured.

Participants

Experienced sports physical therapists from different geographical locations in five

continents, working with athletes competing in nationally representative teams were targeted
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during the recruitment process. The authors of this present study were from 32 member
countries of the IFSPT and assisted in the recruitment of experienced sports physical
therapists. These authors were responsible for screening the eligibility of the participants of

this study.

Eligibility criteria for participants were: (1) sports physical therapists with recognized
expertise in sports injury prevention in their region (2) from an IFSPT country member
organization, (3) currently working with athletes®' competing in nationally representative
teams or teams playing national competitions®!, and (4) sufficient proficiency in

comprehension and use of the English language.

Sport physical therapists working exclusively with paralympic or athletes with disability, or
from other populations such as the military, were excluded, as providing IPPs for these
athletes requires specific knowledge and experience, which was not the aim for this
consensus. Invited participants had four weeks to respond to the first Delphi round and those

who did not answer within the required timeframe were excluded.
Online surveys

The online survey had three sections: 1) plan (information/reasoning to develop the IPP), 2)
organization (work-environment before implementation), and 3) implementation (barriers and
facilitators to IPP compliance and feasibility). The survey was developed by five researchers
with extensive experience in planning, organizing and delivering IPPs in high level athletes
and also in injury prevention research. The questions were chosen based on clinical reasoning
and injury prevention research, since there is no strong evidence on planning, organizing and

implementing IPPs.

Prior to sending out the first-round survey, the survey was piloted on five sports physical
therapists, from different countries with research background, who were involved in applying
IPPs. This step was undertaken to improve clarity of questions and identify and remove
possible ambiguities®®. Two questions were rewritten to improve the survey’s clarity. The
final version of the survey was reviewed by all authors who were given an opportunity to

provide feedback prior to distribution to the participants.

Procedures
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For each Delphi round, sports physical therapists received an email invitation with a link to
the online survey. Participants were given four weeks to complete each round, with reminders
sent weekly. The investigator responsible for data analysis (L.D.M.) was blinded to the
participant’s identification on the first round. This first round included a combination of
structured and open response questions'’. Questions were posed to enable participants to
indicate their level of agreement on each of the items investigated, using the respective
statement (e.g.,” Do you believe that the development of injury prevention programmes
should be based on the (highest) injury rates within the particular athletic field, available in

scientific evidence? ")

. The sports physical therapists were instructed to answer with “Yes”,
“No” or “Unsure/l do not know”. Participants were asked to provide additional comments
when answering the multiple-choice questions, to specifically explain the rationale behind
their responses. At the end of each section, a broader open response question was included
(e.g., “Is there anything else you think should be taken into account to support injury
prevention management?”’) to maximize the amount of data collected and to prevent the

researchers from missing out on acquiring any potentially useful injury-prevention associated

detail . *®

Structured questions for which consensus was reached (more than 70% of the participants
agreeing on inclusion or exclusion of the item>®) were no longer added in the following
survey round. Therefore, the second and third Delphi rounds were composed of new
questions based on the content analysis, as suggested by the participants. Also, structured
questions using a ten-point Likert scale to indicate the level of importance of the underlying

IPP were included.

Data analysis

Data collected throughout each Delphi round was exported from LimeSurvey® into Excel ®
(Microsoft Corporation, Washington, USA). Data were analysed for the extent consensus was
reached (yes/no) and the associated consensus agreement level (%). Central tendencies
(means and medians) and levels of dispersion (standard deviation) were provided for all
Likert scale data 3%, which enabled participants to see where their response was located

relative to the group average of responses.

Content analysis was used after the first round to identify themes from open response

questions.'® Respective analysis was performed by two researchers (L.D.M. and S.D.) to
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achieve agreement, with disagreement resolved by a third researcher (E.W.). Initially, all
responses were read for familiarization, then re-read for identification of themes and finally
data were categorized. A list of items on structuring/elaborating, organizing and
implementing IPPs in sports was created from the open responses, which was used to develop

structured questions for the second Delphi round.

Results

Experienced sports physical therapists panel

We invited 385 sports physical therapists from 34 countries to participate in this Delphi
study, of which 305 from 32 countries completed round one (reply rate of 79.2%). We
received 272 and 257 complete replies in round two (reply rate of 89.2%) and round three
(reply rate of 84.3%), respectively. FIGURE 1 shows the flow diagram of the participants and
their contributions throughout the Delphi process. TABLE 1 demonstrates the participants'

demographics.

Dissemination of Round 1 (n = 385) through co-authors in each region (n = 34)

————> | Regions excluded after absence of expert’s reply (n=2)

ROUND 1

Participants of Round 1 (n =306)

———— | Expert excluded because work exclusively with military (n=1)

Dissemination of Round 2 (n=305)
through co-authors in each region (n = 32)

ﬁ Experts excluded after absence of reply (n=33)

Participants of Round 2 (n = 272)

l

Dissemination of Round 3 (n=305)
through co-authors in each region (n = 32)

ROUND 2

- Experts excluded after absence of reply (n=48)

ROUND 3

Participants of Round 3 (n = 257)
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FIGURE 1. Flow chart representing the participation adherence of participants through the

three Delphi study rounds (n = sample size)

TABLE 1: Participant’s characteristics

Demographics (n=305)

Mean SD Minimum Maximum Frequency
Age (years) 41.8 11.4 26 69 305 (100%)
Female 45.7 13.6 28 69 102 (33.4%)
Male 39.1 9.2 26 58 203 (66.6%)
Injury prevention experience
Mean SD Minimum Maximum Frequency
Working (years) 16.2 8.7 3 35 -
Expertise
(0-10 Likert scale) 7.3 1.3 5 9 -
On-field prevention
(hours/week) 3.4 3.1 1 10 -
Academic degree
Frequency
PhD 57 (18.7%)
Master (1) 47 (15.4%)
Master (p) 111 (36.7%)
Bachelor 89 (29.2%)
Current occupation
Academic 77 (25.2%)
Clinical 228 (74.8%)
Country practice (more than 14 participants)
Canada 23 (7.5%)
Switzerland 22 (7.2%)
Brazil 18 (5.9%)
Belgium 16 (5.2%)
United Kingdom 16 (5.2%)
Italy 15 (4.9%)
Japan 14 (4.5%)
United States 14 (4.5%)

Abbreviations: SD=standard deviation; (r)=research; (p)=professional; PT=physical therapist.

Expertise item was self-appointed using a 0-10 Likert scale.

APPENDIX 1 describes all the participants invited per country and APPENDIX 2 describes

details about participants’ evidence-based, sport and prevention experience.

Consensus about sports injury prevention
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After three consecutive Delphi rounds performed between May and November 2020, we
achieved consensus on all questions related to IPP planning, organization and
implementation. The final consensus is presented in FIGURE 2, indicating a summary of the

items to be considered.

Sport Injury Prevention Program

Psychological and mental factors

Psychological and mepgyy fac
ctors

=N
ey

"’,@‘d"

Low-cost material resources

Number of available healthcare professionals

Sport Injury Prevention Program

FIGURE 2. Prevention consensus: provides an overview of the items agreed on each phase
of sports injury prevention programmes. The level of importance of each item included in the
consensus was categorized based on a Likert scale (with scores ranging between 0 to 10).
Items in the inner circles had values above the median (9 to 10) and those in the outer circle

had values under the median (5 to 8).

All questions reached an agreement level of at least 80% in the first round, except for one
question for which only an agreement level of 77% was achieved (“Do you believe the
number of available athletes should be taken in to account when developing prevention
strategies?”’). As some participants indicated the vagueness of this question, the question was
rephrased and integrated in the next round, after which an agreement level of 83.45% was

achieved.

After content analysis, 27 questions were added to round two. The content of these questions
was identified and provided by the participants when they were asked which other factors

they considered of importance in IPP planning, organization and implementation.
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All questions in round two reached at least 74% of agreement, except for a question

regarding the use of high-cost equipment resources which only received an agreement level

of 65.8%. This question reached a consensus with an agreement level of 91.1% in round

three. The results of each round can be viewed in APPENDIX 3. TABLES 2 and 3 present

the final consensus of this Delphi study in comprehensive detail.

TABLE 2: Delphi’s study final consensus on factors to be considered for sports injury

prevention planning and organization.

Section: Sports injury prevention

planning

Item Agreement Score (Mean (SD)) Min-Max
Highest injury rates 89.0% 8.6 (1.3) -
Athlete’s injury history 98.0% 9.1(1.2) -
Athlete’s screening 92.5% 8.4 (1.6) 2-10
outcome

Athlete’s age 93.7% 7.4 (1.8) 1-10
Recovery strategy (physical 89.7% 7.3(1.9) 1-10
and mental)

Psychological and mental 94.4% 7.53 (1.8) 1-10
factors (coping, stress,

anxiety, mindset, etc)

Number of participating 83.4% 6.55(2.2) 1-10
athletes

Number of participating 76.1% 6.51 (1.9) 1-10
sport modalities

Financial support 86.0% 6.78 (2.2) 1-10

Abbreviations: SD= standard deviation; Min-Max = minimum-maximum; IQR = interquartile

range

TABLE 3: Delphi’s study final consensus on factors to be considered for Sports injury

prevention implementation.



O ~J o Ul b WN

OO CTUI U UTUIUTUTOTOT S DB BB DEDDEDWWOWWWWWWWWWNNNNNNMNNNMNNNERERERRRR R R
OB WNHFRFO WO IO WNROWVW®O-JAUTDWNROW®O®-JdAUDRWNROWWTIANUBRWNREOWOO-TUNSWNR OO

10

Section: Sports injury prevention implementation

Question Agreement Score (Mean (SD)) Min-Max Median IQR
Warm-up sessions provided by the  93.5% 8.5 (L.5) 3-10 9 2
head coach or strength/conditioning
coach
Physical training sessions provided  92.0% 8.7 (1.2) 3-10 9 2
by the team’s strength/conditioning
coach
Prevention sessions provided by the 89.5% 8.8 (1.4) 3-10 9 2
team’s physical therapist
Coach’s support 98.0% 9.2 (1.0) 3-10 10 1
Health professional’s engagement 95.5% 8.9 (1.2) 3-10 9 2
Athlete’s routine organization 88.5% 8.7(1.2) -10 9 2
Education 93.0% 9.0(1.2) - 10 2
Injury prevention results regarding ~ 80.5% 7.4 (1.8) 8 3
previous seasons (injury risk, time
loss, performance, etc) should be
disseminated
Infrastructure/space 90.0% 7.5 (1.8) 1-10 8 2
Technology 74.2% 3D: -10 5 4
5.4 (2.5)
GPS: 3.7
6.1 (2.5) 0-10 7
App (assessment): 4
5.8(2.5) 1-10 6
App (exercise): 4
59(2.5) 1-10 6
Psychological and mental factors 98.8% 7.8 (1.6) 2-10 8 2
Sleep 97.7% 7.9 (1.7) 1-10 8 2
Nutrition 98.5% 7.6 (1.7) 1-10 8 2
Training load 98.5% 8.4(1.4) 4-10 9 2
Athlete’s responsibility 98.5% 8.7(1.4) 2-10 9 2
Governing bodies 91.5% 7.4 (2.0) 2-10 8 3
(federations/confederations)
Work environment and relationship  99.6% 8.7(1.2) 2-10 9 1
between the professionals
Sport team continuous education 98.8% 8.2(1.4) 1-10 8 3
and engagement about prevention
Sport team continuous education 94.4% 7.7 (1.6) 1-10 8 2

and engagement on injury burden

Abbreviations: SD= standard deviation; Min-Max = minimum-maximum; 3D: tridimensional

analysis; GPS: global positioning system; App=application; IQR = interquartile range
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Discussion

This Delphi study which included 305 international experienced sports physical therapists
involved in sport injury prevention reached a consensus on planning, organizing and
implementing IPPs in high performance athletes. For sports IPPs planning, the participants
agreed that it should be based on the athlete’s injury history, psychological and mental
factors, age, baseline/preseason screening results, recovery strategies, the highest injury rates
of the specific sport, financial support, number of participating athletes and type of sport.
This is the first study to show that experienced sports physical therapists believe that the
number of participating athletes, sport types and financial support are important
considerations in sport IPP development. The planning of prevention programmes may differ
when designing them for a group of 10 versus 1000 athletes, or for one versus 10 different
sports. Similarly, availability of financial resources to support respective screening
procedures is clearly important to enable the use of specific materials, equipment and
environmental facilities in sports IPP, and in being able to engage multiple professional

health care or technical staff members in the process.

The literature indicates that prevention planning is commonly based on the athlete’s injury

history?®¢!

, athlete’s baseline/preseason injury risk screening results'!*'>%> and the highest
injury rates of the sport of interest?®#%3. There is sufficient evidence indicating injury rates
and injury history to be crucial determinants for prevention organization?®$!. Moreover, a
survey of football players and coaches indicated they understood the importance and
accepted the inclusion of preseason screening protocols in the preparation for safe
competition*?. Although the agreement on some topics, such as screening and risk profiling,
prevention and risk mitigation, we recognize that it can be controversial. For example, Bahr*
argues that despite some evidence on statistically significant association of tests with injury
risk, such tests do not predict injury with sufficient accuracy. However, the experienced
group of sports physical therapists, who participated in this Delphi study (with the main
purpose to enhance effective decision-making in health and social care) agreed that preseason
assessment and associated delivery of IPPs based on these results should seriously be

considered. Moreover, the highest percentage agreement was in issues with sufficient

evidence such as athlete’s injury history.
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The sports physical therapists agreed that the organization of IPP depends on the athlete's

54,60 8,64

age>*® competition level®S, gender>?>¥, and risk profile®®*, which is supported by the
literature. Age and gender both essentially influence sport IPP organization as existing
scientific evidence indicates that some injuries are more common in female athletes®**” and
youth athletes?>>>%°, Due to this relative increment in injury susceptibility seen in some
athletic groups, injury risk screening and prevention should be addressed with particular
focus for these entities. The participants also agreed that access to low-cost materials, with no
need for high-cost equipment, financial resources and the number of available healthcare
professionals importantly influence the organization of IPPs, despite the lack of supporting
evidence regarding these issues. However, FIFA 11+40 is an excellent example of an
effective prevention program that was developed using low-cost materials, it is highly
accessible to different contexts, which made it easily implementable®. Therefore, being
developed by experts in the area and delivered by an important sport organization (FIFA), the
FIFA 11+ has had a substantial influence on physical therapists engaged in sports injury
prevention throughout the last decade’. It was interesting to identify that the sports physical
therapists agreed that high-cost equipment such as isokinetic machines was not mandatory to
deliver injury prevention programmes. One reason to identify high-cost equipment as non-

essential could be due to the lack of the actual application of its associated results in the

sports [PP?641,

The participants also agreed that strength and conditioning training and prevention sessions
delivered by the strength/conditioning coach and the physical therapists are both ideal
strategies to implement IPPs into the athlete’s/team’s weekly training regimen. Read,
Jimenez, Oliver & Lloyd (2018) identified that prevention programme delivery was most
performed once or twice per week in male youth soccer athletes during warm-up sessions or
during individual prevention sessions or a combination of both®2. Moreover, the gym is the
most reported location for injury prevention session organization. Loose, Achenbach &
Fellner (2018) identified that players and coaches believe frequent physiotherapy consulting
to be the most important step for injury prevention in football*?. These data support the belief
that prevention programmes should be diverse and be delivered to the athletes using different
formats (i.e., warm-up and sessions) and locations (i.e., field and gym) within the right

context.
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The agreement on IPP implementation included, as the most frequent ways to carry out the
programme, the use of warm-up sessions delivered by the head coach or strength coach,
physical training sessions delivered by the strength coach, and individual prevention sessions
delivered by the physical therapist. The previous argument about FIFA 11+ could also
support the agreement on warm-up sessions delivered by the head or strength coach®. The
majority of factors indicated by the participants for prevention implementation is supported

by the literature: coach’s support'®, health professionals’ engagement!*, athletes’ routine

7,46 24,37

organization*’, education*?, prevention results dissemination’*, infrastructure/space’**’,

12,30

technology'*°, psychological and mental factors®’, sleep quality'>*°, nutrition*®’, training

d*%%°, athletes’ responsibility*?, governing bodies participation®* and work

loa
environment/relationship between professionals®®. Regarding the dissemination of injury
prevention results from previous seasons to the athletes (injury risk, time loss, etc), no strong
evidence is available to support the agreement established in the present study. Since gym
was cited as the most common location for injury prevention®?, it does make sense that
infrastructure/space is an important element to consider in sustainable and manageable
organization of prevention implementation. Moreover, according to Loose, Achenbach &
Fellner (2018), reasoning about compliance should be considered a key factor in injury
prevention*?. Most probably, communicating injury prevention results, incorporated learning

and consequently recommending effective practical guidelines could increase athlete’s

compliance with injury prevention programmes.

Implementation science, bias toward exercise interventions performed during a warm-up IPP
and the range of measures to mitigate injury, such as sleep quality and training monitoring
should be considered, preferably individually. These issues should be constantly included in
the education process. The sports physical therapists agreed that ongoing sport team
education and engagement in prevention could impact on athletic adherence to prevention
strategies and lower the injury burden. Increasing athlete knowledge and understanding of the
importance of injury prevention should be undertaken on an ongoing basis, utilising training
courses and evidence-based practice. Loose, Achenbach & Fellner (2018)*? indicated that
warm-up and training programmes in football are fundamentally based on tradition and are
mainly performed in an identical, stereotypical fashion throughout the competitive part of the
season, without taking into account the latest evidence-based guidelines. For example, Bahr
et al® identified a low compliance of evidence-based injury prevention programmes for

hamstring injuries by the majority of Champions League or Norwegian Premier League
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football teams. McCall et al.,2015% showed how most perceptions and practices of injury
prevention strategies by professional football teams were of low level of evidence, thus
demonstrating the gap between practice and published research. Therefore, transferring
knowledge and insights from a theoretical framework towards practical and ready-to-use
prevention strategies and routines should be considered crucial in sport injury prevention

(research).

Study strengths and limitations

Strengths of this study include the large sample size of participants from 32 different
countries, with an achieved high response rate®>*2. In addition, each round was disseminated
to the same initial sample, which increased the statistical power of the associated data
analysis. Also, we included experienced sports physical therapists in IPP, with the majority of
participants regularly consulting scientific evidence to organize IPPs for their athletes.
Moreover, most of the participants were involved in the development or implementation of
assessment protocols to identify athletes at increased injury risk and in the development or

implementation of injury surveillance within their organization.

Nonetheless, this study has some limitations that should be considered when interpreting the
results. Differences in culture, financial resources, experience and context between the
participants were not taken into account in the statistical analysis in this study. Moreover, we
acknowledge that a separate study could be done related to paralympic or athletes with
disability, or military populations. The same methodology has been recently used in two

expert surveys*>

, showing a mix of experience, beliefs and evidence in how IPPs are
implemented. It worth to mention that the questions used on the first round were constructed
based on injury prevention research and author’s clinical experience. However, a chance was

given to all participants to add themes which could raise new questions for the second round.

Clinical relevance and future research

This study contributes to the body of evidence on disseminating good clinical practice in
injury prevention guidelines and supporting sport physical therapists in their decision-making
processes. This consensus will help both clinicians and researchers in performing improved

IPP in athletes, especially to those who are not familiar with IPP or need initial guidance. In
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order to achieve these goals, the implementation of continuous athlete and staff education and
associated strategies to increase overall adherence to evidence based IPPs are needed. If we
could make some essential steps in this direction, the global effectiveness of sports IPPs

dissemination and implementation would be increased.

It is worth to mention that this agreement involved the participation of experienced sports
PTs. Nonetheless, other staff members participate in the development and execution of sport
IPP, such as the head coach, strengthening coach, psychologist, physician, etc. Therefore,
future studies should approach these professionals and capture their opinions and agreement

on sports IPP as well, to better support the athlete’s health and well-being.

Conclusion

For injury prevention in high performance sports, strong consensus amongst experienced
sports physical therapists was reached on (1) planning being ideally based on athlete’s injury
history, sports-specific injury rates and baseline screening; (2) organization for which
athlete’s age, competition level and the availability of low-cost materials should be taken into
account and (3) implementation for which integration in warm-up sessions, training sessions
with the strength/conditioning coach, and prevention sessions with the physical therapist
should be considered. Our results support clinical actions towards sport injury prevention
worldwide and guide development of sports IPPs within the context of each country's
available resources irrespective of socioeconomic status, in both developing and developed

countries.
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Figure Captions

FIGURE 1. Flow chart representing the participation adherence of participants through the

three Delphi study rounds (n = sample size)

FIGURE 2. Prevention consensus: provides an overview of the items agreed on each phase
of sports injury prevention programmes. The level of importance of each item included in the
consensus was categorized based on a Likert scale (with scores ranging between 0 to 10).
Items in the inner circles had values above the median (9 to 10) and those in the outer circle

had values under the median (5 to 8).
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TABLE 1: Participant’s characteristics
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Demographics (n=305)

Mean SD Minimum Maximum Frequency
Age (years) 41.8 11.4 26 69 305 (100%)
Female 45.7 13.6 28 69 102 (33.4%)
Male 39.1 9.2 26 58 203 (66.6%)
Injury prevention experience
Mean SD Minimum Maximum Frequency
Working (years) 16.2 8.7 3 35 -
Expertise
(0-10 Likert scale) 7.3 1.3 5 9 -
On-field prevention
(hours/week) 3.4 3.1 1 10 -
Academic degree
Frequency
PhD 57 (18.7%)
Master (1) 47 (15.4%)
Master (p) 111 (36.7%)
Bachelor 89 (29.2%)
Current occupation
Academic 77 (25.2%)
Clinical 228 (74.8%)
Country practice (more than 14 participants)
Canada 23 (7.5%)
Switzerland 22 (7.2%)
Brazil 18 (5.9%)
Belgium 16 (5.2%)
United Kingdom 16 (5.2%)
Italy 15 (4.9%)
Japan 14 (4.5%)
United States 14 (4.5%)

Abbreviations: SD=standard deviation; (r)=research; (p)=professional; PT=physical therapist.

Expertise item was self-appointed using a 0-10 Likert scale.
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TABLE 2: Delphi’s study final consensus on factors to be considered for sports injury

prevention planning and organization.
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Section: Sports injury prevention planning

Item Agreement Score (Mean (SD)) Min-Max Median IQR
Highest injury rates 89.0% 8.6 (1.3) 1-10 9 2
Athlete’s injury history 98.0% 9.1(1.2) 2-10 10 1
Athlete’s screening outcome 92.5% 8.4 (1.6) 2-10 9 2
Athlete’s age 93.7% 7.4 (1.8) 1-10 8 2
Recovery strategy (physical 89.7% 7.3(1.9) 1-10 8 1
and mental)
Psychological and mental 94.4% 7.53 (1.8) 1-10 8 2
factors (coping, stress,
anxiety, mindset, etc)
Number of participating 83.4% 6.55(2.2) 1-10 7 3
athletes
Number of participating sport 76.1% 6.51 (1.9) 1-10 7 3
modalities
Financial support 86.0% 6.78 (2.2) 1-10 7 3
Section: Sports injury prevention organization
Item Agreement Score (Mean (SD)) Min-Max Median IQR
Athlete’s gender 92.50% 7.60 (2.10) 1-10 8 2
Athlete’s age (e.g., child, 97.00% 8.27 (1.63) 1-10 8 1
adolescent, adult)
Athlete’s competition level ~ 93.00% 7.93 (1.64) 2-10 8 2
Athlete’s injury risk profile  92.50% 8.47 (1.52) 2-10 9 2
(based on the results a
standardized and validated
screening procedure)
Number of available 84.50% 7.24 (1.88) 2-10 8 3
healthcare professionals
Financial resources 88.97% Professionals: 1-10 9 2
8.62 (1.60)
Quality, brand: 1-10 6 3
5.96 (2.14)
Low-cost material resources  93.01% 7.61 (1.87) 1-10 8 2
(strengthening bands,
weights, balls, etc)
No high-cost equipment 91.10% 5.02 (2.14) 1-10 5 3

(strengthening machines,
isokinetic, etc)

Abbreviations: SD= standard deviation; Min-Max = minimum-maximum; IQR = interquartile

range



O ~J o Ul b WN

OO CTUI U UTUIUTUTOTOT S DB BB DEDDEDWWOWWWWWWWWWNNNNNNMNNNMNNNERERERRRR R R
OB WNHFRFO WO IO WNROWVW®O-JAUTDWNROW®O®-JdAUDRWNROWWTIANUBRWNREOWOO-TUNSWNR OO

28

TABLE 3: Delphi’s study final consensus on factors to be considered for Sports injury

prevention implementation.

Section: Sports injury prevention implementation

Question Agreement Score (Mean (SD)) Min-Max Median IQR
Warm-up sessions provided by the  93.5% 8.5 (L.5) 3-10 9 2
head coach or strength/conditioning
coach
Physical training sessions provided  92.0% 8.7 (1.2) 3-10 9 2
by the team’s strength/conditioning
coach
Prevention sessions provided by the 89.5% 8.8 (1.4) 3-10 9 2
team’s physical therapist
Coach’s support 98.0% 9.2 (1.0) 3-10 10 1
Health professional’s engagement 95.5% 8.9 (1.2) -10 9 2
Athlete’s routine organization 88.5% 8.7(1.2) 3-10 9 2
Education 93.0% 9.0(1.2) -10 10 2
Injury prevention results regarding ~ 80.5% 7.4 (1.8) 1-10 8 3
previous seasons (injury risk, time
loss, performance, etc) should be
disseminated
Infrastructure/space 90.0% 7.5 (1.8) 1-10 8 2
Technology 74.2% 3D: -10 5 4
5.4 (2.5)
GPS: 3.7
6.1 (2.5) 0-10 7
App (assessment): 4
5.8(2.5) 1-10 6
App (exercise): 4
59(2.5) 1-10 6
Psychological and mental factors 98.8% 7.8 (1.6) 2-10 8 2
Sleep 97.7% 7.9 (1.7) 1-10 8 2
Nutrition 98.5% 7.6 (1.7) 1-10 8 2
Training load 98.5% 8.4(1.4) 4-10 9 2
Athlete’s responsibility 98.5% 8.7(1.4) 2-10 9 2
Governing bodies 91.5% 7.4 (2.0) 2-10 8 3
(federations/confederations)
Work environment and relationship  99.6% 8.7(1.2) 2-10 9 1
between the professionals
Sport team continuous education 98.8% 8.2(1.4) 1-10 8 3
and engagement about prevention
Sport team continuous education 94.4% 7.7 (1.6) 1-10 8 2

and engagement on injury burden
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Abbreviations: SD= standard deviation; Min-Max = minimum-maximum; 3D: tridimensional

analysis; GPS: global positioning system; App=application; IQR = interquartile range
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