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ABSTRACT
Background: Over 40 million children participate in organized sport in the United States
annually, but each day approximately 8,000 children are treated in emergency departments
(EDs) due to sport-related injuries, resulting in over $925 million in health care costs. Exercisebased preventive training programs (PTPs) used as a team warm-up can reduce injuries
dramatically but youth coaches do not commonly use PTPs. Understanding barriers and
facilitators that drive PTP adoption and compliance at the youth sport level could dramatically
enhance PTP dissemination and propagate injury reduction in athletes. Further, determining the
relationship between coach compliance with PTPs and the effect on athlete injury risk is
necessary to promote PTP adoption.

Purpose: The purposes of this dissertation were to evaluate the impact of different educational
strategies (Generalized, Tailored) on youth soccer and basketball coaches’ behavior drivers for
PTP implementation. A secondary purpose was to apply an implementation framework to
different youth sport organizations to evaluate which areas of implementation may be more
challenging. A final purpose was to evaluate the impact of a coaches’ educational workshop on
athlete movement technique following one season.

Study Design: Cluster randomized controlled trial.

Methods: Mixed methods approach. Youth soccer and basketball coaches volunteered to
participate. Coaches were randomized by league into a Tailored or General workshop. We

Hayley Root – University of Connecticut, 2017
evaluated coaches’ attitudes, subjective norms, perceived behavior control, and behavioral
intention to adopt a PTP using a pre- and post-workshop survey consisting of Likert-scale and
open-ended questions, as well as a post-season questionnaire to evaluate PTP implementation.
Athletes completed a PRE and POST season movement assessment.

Results: There were no significant differences between workshop groups on attitudes,
subjective norms, perceived behavioral control, or behavioral intention to adopt. Establishing the
administrative team was the most challenging framework step to complete. There were no
significant differences between workshops on athlete movement technique from PRE to POST
but there was a main effect for time (P=0.03).

Conclusions: A generalized workshop design was as effective as a tailored workshop in
increasing some aspects of coach injury prevention behavior as well as athlete movement
technique.
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CHAPTER I: INTRODUCTION
Background
Over 40 million children participate in organized sport in the United States annually, but each
day approximately 8,000 children are treated in emergency departments due to sport-related
injuries, resulting in over $925 million in health care costs.(2) One solution to temper these
costly injuries is to implement exercise-based preventive training programs (PTPs). PTPs that
focus on neuromuscular control training can reduce injury risk by 50-70% at no financial cost to
the athlete.(3) Further, focusing PTP efforts in a youth population may be most efficacious in
order to improve neuromuscular control prior to the maturation growth spurt and prior to late
adolescence, when an individual is at greatest risk for sustaining an anterior cruciate ligament
injury.(1, 4-6) Initial research promoting PTP adoption in youth sport focused on researcher-led
PTPs to evaluate program effectiveness. Researcher-led PTPs have been shown to reduce
injury risk, injury rate, and improve sport performance, but are not sustainable. Current evidence
suggests that there is a direct relationship between high PTP dosage and long-term injury risk
reduction, indicating a need for athletes to adhere to PTPs with high fidelity. In order to facilitate
long-term PTP compliance and maintenance, coaches must be empowered to conduct PTPs
independently. However, in community level youth sports, coaches have a spectrum of injury
prevention knowledge and experiences, frequently resulting in inadequate PTP compliance.(2)
Coach attitudes and knowledge may influence the intention to adopt a PTP.(6) Other perceived
barriers or facilitators, such as league oversight or support from other coaches, may predict a
coaches’ PTP adoption. As initial adoption is the first step toward PTP compliance, there is a
need to identify predictive factors, barriers and facilitators, that impact coach adoption behavior
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and make PTPs feasible for widespread dissemination.

Objective
The overall objective of this study is to refine coaching education strategies to promote PTP
dissemination at the youth sport level. Once we determine barriers and facilitators to coaches’
behavior change through an initial needs assessment, we will be able to streamline education
and training to promote PTP adoption and compliance. Traditional approaches to PTP
education have targeted coaches by addressing barriers and facilitators with general education
components. A tailored approach to PTP education would use an initial assessment to gather
information about the specific group of coaches and to then personalize the education to
address self-identified barriers. Our central hypothesis is that an educational workshop
focusing on areas of the coaches’ perceived greatest deficit (Tailored) will lead to greater rates
of PTP adoption and compliance, as well as decreased athlete injury risk outcomes, compared
to a traditional educational workshop (Basic). Tailored approaches have been shown to
increase attendee motivation and make a sustained impact to behavior change.(1) We are
strongly qualified to successfully complete this project based on a combined 15 years of
experience collaborating with sport leagues, implementing researcher-led PTPs, and evaluating
injury risk in youth athletes.
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Research Questions
Research Question #1: Do knowledge, attitudes, and/or intention behaviors regarding
PTP implementation change immediately following a coaches’ workshop?
•

Independent Variables: time (PRE, POST-workshop)

•

Dependent Variables: knowledge, attitudes, intention behaviors as measured by an
adapted questionnaire (Appendix)

•

Potential Covariates: age of coach, sex of coach, age group of team, sex of team, years
of experience, years within league, previous PTP experience

•

Working Hypothesis: knowledge, attitudes, and intention to adopt a PTP will improve
immediately following a coaches’ workshop as compared to pre-workshop.

Research Question #2: What are key predictors for PTP initial adoption by coaches in
youth soccer league? Do predictors differ between soccer organizations?
•

Independent Variables: age of coach, sex of coach, age group of team, sex of team,
years of experience, years within league, previous PTP experience, personal injury
history, athlete injury history, knowledge/attitudes/behaviors following coaches’
workshop

•

Dependent Variables: PTP initial adoption in first 2 weeks of season

•

Working Hypothesis: Performance benefits and perceived relative advantage of PTP
over current practices will positively influence coach PTP adoption. The more elite level
soccer organization will be more driven by performance benefits.
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Research Question #3: What are the effects of a Tailored workshop compared to a Basic
workshop on in-season PTP compliance?
•

Independent Variables: workshop group (Tailored, Basic)

•

Dependent Variables: implementation of PTP by each team as measured through postseason coach questionnaires

•

Working Hypothesis: Coaches in Tailored will show increased compliance compared to
coaches in Basic.

Research Question #4: What are the effects of a Tailored workshop compared to a Basic
workshop on athlete injury risk?
•

Independent Variables: workshop group (Tailored, Basic)

•

Dependent Variables: athlete injury risk (LESS) score at POST

•

Potential Covariates: age, sex, baseline LESS score, team adoption/compliance
(dosage), sport hx, injury hx

•

Working Hypothesis: Athletes on teams whose coach attended Tailored will show
greater improvements in LESS compared to athletes on teams whose coach attended
Basic.

Research Question #5: Do knowledge, attitudes, and/or intention behaviors regarding
PTP implementation change following a single sport season?
•

Independent Variables: time (PRE, POST-season)

•

Dependent Variables: knowledge, attitudes, intention behaviors as measured by an
adapted questionnaire (Appendix)
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•

Potential Covariates: age of coach, sex of coach, age group of team, sex of team being
coached, years of experience coaching, years within specific organization, previous PTP
experience, level of adoption/compliance

•

Working Hypothesis: Coaches who attended Tailored will show greater improvements in
knowledge, attitudes, and intention behaviors compared to coaches who attended Basic.

This proposed study is conceptually innovative as it will provide a tailored, evidence-based PTP
education strategy to community-level coaches with diverse backgrounds and experience. We
will identify specific barriers and facilitators and simplify pre-season education to succinctly
address the coaches’ own concerns. This approach will refine implementation frameworks for
community level youth sport coaches. Information garnered from this study will serve as a
foundation for future e-health models with automated needs-assessments and educational
materials to promote widespread dissemination of coaching education.
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CHAPTER II: REVIEW OF THE LITERATURE
Impact of Sport-Related Injury
Benefits of Sport and Physical Activity
Involvement in sport plays an important role in youth physical, mental and emotional
development.(2) Serving as a catalyst for lifelong physical activity, participation in youth sport
has been linked to decreased risk of chronic diseases, such as Type II Diabetes, heart disease,
stroke, cancer and obesity. Physically active children have increased mental and emotional
development, improved self-concept, and physical activity may have a protective effect against
depressive symptoms and non-suicidal self-injury in adolescent populations.(2-5) Additionally,
active children are 15% more likely to attend college and have roughly 40% higher test scores in
the classroom compared to youth who are not physically active.(2, 4)

Youth Sport-Related Injury
Anatomical Differences in Adolescents
However, youth sport can also result in injury. As children are growing and physically maturing,
there are anatomical characteristics that predispose adolescents to injury. When comparing a
child’s musculoskeletal system to an adult, children have ligaments that are functionally stronger
than their bones and the bones typical grow prior to muscle and tendon lengthening, leading to
functional challenges for motor control of the body and increasing risk of sport-related injury.(69)

Risk of Injury and Consequences
Sport-related injuries constitute 20% of all emergency department visits in children aged 6-19,2
contributing over $935 million to the health care burden annually.3,(10) Logically, the more time
one spends engaging in a sport or physical activity, the greater the possibility of sustaining an
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injury.(11, 12) In one study examining risk factors for sports injuries, increases in number of
sport participation hours per year was linked to an increased risk for sustaining a sport-related
injury. Further, older age and playing a contact sport were both associated with using nonsteroidal anti-inflammatory drugs (NSAIDS) for sports injuries and likelihood of having surgery
for a sports injury.(13) One specific example involves anterior cruciate ligament (ACL) injuries,
where males are most likely to sustain an ACL injury between 19-25 years of age and females
are most likely to sustain an injury between 14-18 years of age.(14) Improving neuromuscular
control and teaching coordination prior to and throughout maturation may be most efficacious to
prevent sport-related injuries, making youth a target population for interventions.

The Anterior Cruciate Ligament (ACL) and Knee Osteoarthritis (OA)
ACL injury is a debilitating knee injury for physically active individuals. Mechanisms of injury can
include contact and indirect contact methods. For contact ACL injuries, a person receives a
large external force directly to the knee, such as a direct blow from an opponent, object, or the
ground. An indirect ACL injury would be when no large external force is directly applied, for
instance when a person is running, plants and cuts in a different direction.(15) Estimates
suggest roughly 250,000 ACL injuries occur each year in an athletic population and of those
injuries, 175,000 elect to undergo surgical reconstruction.(16) Registry databases show that
ACL injury rates, as well as ACL reconstruction rates, have increased since 1994, potentially
due to patients’ desires to return to high levels of activity.(14) These injuries can increase the
likelihood of future orthopedic chronic conditions and athletes who experience ACL tears are
less likely to return to pre-injury level of sport and are more likely to experience long-term
sequelae.3,(17, 18) This is significant when considering long-term outcomes and risk for future
disability in a youth cohort. Knee osteoarthritis is a condition that can be initiated or exacerbated
by age or from an acute orthopedic injury.(19) Knee osteoarthritis is a degenerative joint
disease with a combination of: articular cartilage erosion, bone remodeling, osteophyte
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formation, ligamentous laxity, weakening of surrounding musculature, and synovial
inflammation.(20) These symptoms drive the development of clinical symptoms such as joint
pain, stiffness, and range of motion limitations. Because the disease progresses over time,
symptoms may become so severe that the patient has issues with daily living mobility or
requires a total knee arthroplasty.(21, 22) People over the age of 50 who had a previous history
of knee injury had a 283% increased risk of developing osteoarthritis (OA) compared to people
who did not have a history of knee injury.(23) One systematic review showed that, specifically
for people who sustained an ACL injury, the risk of developing radiographic signs of OA seemed
to occur regardless of surgical intervention.(24) However, recent evidence with a mean followup of 13.7 years after surgery indicates that early ACL-reconstruction (ACL-R), or deciding to
have surgical reconstruction within a year of injury, resulted in decreased likelihood of
developing a secondary meniscal tear, being diagnosed with symptomatic knee osteoarthritis,
and undergoing total knee arthroplasty.(25)

While there are clear benefits of physical activity, the risk of injury and long-term sequelae also
indicate a need to implement injury prevention methods to optimize a safe playing environment
and minimize sport-related injury.

Benefits of Preventive Training Programs
What is a Preventive Training Program?
Fifty to 75% of lower extremity injuries, including ankle sprains, stress fractures, and ACL
injuries, can be prevented through the use of cost-effective exercise-based neuromuscular
control (NMC) preventive training programs (PTPs). PTPs can be designed as a 10-12 minute
pre-athletic participation warm-up. A typical PTP includes components of: flexibility with a focus
on the lower extremity, balance, agility plyometrics, and core strength.(26, 27) Additionally, the
warm-up is designed to gradually increase in intensity and contain dynamic movements that
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mimic actual game play (i.e. shuffling and back pedaling). A final key component of effective
PTPs is the emphasis on proper movement instruction and feedback.(28, 29) Research-led
PTPs designed with these components in mind have been shown to successfully reduce injury
risk, reduce injury rate, and improve performance in youth athletes.(30-33)

Reduced Injury Rate
To promote PTP adoption potential, PTPs should be specific to each team’s athletes and
organizational needs. Due to the inherent variation in athletes, teams, and sports, previous
literature evaluating the impact of PTPs on injury rate reduction in a youth population have
found mixed results.(32, 34-59)

Some PTPs require outside materials, such as wobble boards, for the prescribed intervention,
with varying success in reducing injury rates;(34, 36, 40, 47, 49-52, 55, 59) however, this may
not be feasible for all teams, ages, etc. Other PTPs, such as the PEP, F11+, and HarmoKnee,
are programs that take 15-25 minutes to complete, replace the team pre-activity warm-up,
require no outside equipment, and have found overwhelming success in reducing injury
rates.(32, 35, 41, 44-46, 48, 54, 56, 58) Programs that did not see changes or improvements in
injury rate reduction often cited poor compliance with the prescribed programs, an important
consideration for PTP implementation.(57, 60, 61) Overall, however, there is potential for short,
free, adaptable warm-up programs that can provide injury rate reduction benefits in a youth
population.

Reduced Injury Risk
Musculoskeletal injury risk is multifaceted and is affected by several different factors (Figure 1
below). Muscle fatigue, flexibility or strength imbalances, or a lack of proprioception and balance
have been cited as potential risk factors for sport-related injury.(62-69) PTPs aim to improve
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modifiable risk factors in order to temper injury risk and literature indicates that these factors can

Anatomy

Non-Modifiable

LE MSK
INJURY
RISK
FACTORS

Age
Pelvs/Trunk Alignment
Joint Laxity
Q-Angle
ACL Notch Width
ACL Size

Hormones

Hormones
Sex

Environment

Weather
Surface
Antagnoist-Agonist Activation
Muscular Fatigue/Stability/Stiffness

Neuromuscular

Modifiable

Biomechanics

Sagittal Plane

Trunk Flexion
Hip Flexion
Knee Flexion
Ankle Flexion

Frontal Plane

Hip Abduction
Knee Abduction
Ankle Eversion

Transverse
Plane

Hip Internal/External Rotation
Knee Internal/External Rotation
Ankle Internal/External Rotation

BMI
Other
Taping, Bracing,
Equipment

Figure 1. Lower Extremity (LE) Musculoskeletal (MSK) Injury Risk Factors

be improved with a PTP warm-up format in a youth population.(30, 31, 70-72)

Further, a study by Leppanen et al.(73) evaluated knee control during a jump landing task
between youth basketball and floorball athletes. This study found that basketball athletes, who
presumably engage in high levels of jumping during sport, had poorer knee control compared to
floorball athletes whose sport inherently involves much less, if any, jumping. These findings
indicate that biomechanics and motor control may not be inherited through the demands of a
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sport and rather movement control needs to be consciously taught to athletes, particularly in
high musculoskeletal injury risk sports such as basketball, which has a high injury rate in
general and at the ACL specifically.(10, 74) Additionally, motor competence, or the ability to
execute different motor tasks like coordination and fine motor skills, has been shown to positive
correlate with self-perceptions and an adolescent’s likelihood of participating in sport. Thereby,
improving motor control may reduce an athlete’s risk of sustaining injury and it may also
increase an athlete’s desire to engage in physical activity, exponentially increasing a person’s
odds of staying physically active longer.(75)

Cost Saving Strategy
Defining the exact financial burden of youth sport-related injury can be challenging. This is in
part due to breadth of healthcare providers parents choose to take their children, which can
range from emergency departments, urgent care offices, family pediatricians, orthopedics, etc.,
making data collection and interpretation difficult. However, one Canadian exploration of youth
sport-related injury estimated that for every 100 youth participating in sport there are nearly 30
injuries that are treated medically.(76) In a randomized controlled trial comparing youth soccer
teams implementing neuromuscular PTPs and control teams, teams using PTPs had a 43%
reduction in healthcare cost utilization, which could be extrapolated to nearly $3 million dollars in
savings.(77) Reviews of a specific PTP popular in Europe and Canada, the FIFA 11+, have
further supported that use of the PTP reduces healthcare costs, and decision-analysis models
have estimated that implementing a PTP could save approximately $100/athlete/season.(78-80)

Improved Performance
Athletes and coaches in a competitive league may be most motivated by performance
measures.(81) There are a limited amount of studies evaluating a short-duration PTP (15-25
minutes) impact on performance measures,(31, 71, 82-85) and baseline levels of functional
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movement ability, relative age, and development age and maturation may complicate
interpretations.(86, 87) However, as coaches may find performance improvements most worthy
of time, the relationship between PTP and meaningful performance measures should be
evaluated.(88-90)
An emerging movement in youth sport is the concept of physical literacy, defined as “the
motivation, confidence, physical competence, knowledge, and understanding to maintain
physical activity throughout the life course.” This moves beyond the idea that physical ability is
the singular determinant of athletic success. Instead, physical literacy champions that the
intersection of internal motivation, perceived ability, and actual ability is what will allow an
athlete to develop and continue to engage in physical activity. Due to the previously mentioned
variability in sport experience, sport exposure, and physical maturation skewing the impact of
PTPs on performance measures, perhaps physical literacy would be a more appropriate
measure of PTP performance benefit at the youth level.(86, 87, 91-93)

PTP Compliance, Fidelity, and Adherence
In order to experience and retain positive training results, PTPs must be done with high
compliance, fidelity, and adherence. Operationally, compliance indicates that a PTP was
completed in general and answers the question, “Was a program completed?”, whereas fidelity
refers to the quality of the performance and if the exercises were performed correctly.(60, 94)
Adherence describes the continued PTP behavior – does the team or player utilize the PTP
regularly across time.(60) In general, the PTP implementation process begins with (1) a coach
or team possesses the appropriate knowledge, attitudes, and behaviors to buy-in and intend to
adopt a PTP, leading to (2) initial adoption of a PTP, which if continued over a period of time
would develop characteristics of (3) compliance, fidelity and adherence with PTPs. Ultimately,
compliance, fidelity, and adherence contribute to program dosage, which is a measure of how
much exposure an individual athlete gets to a PTP – there are multiple components impacting
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this measure including: duration of individual session, number of times the PTP is performed in
a given week, number of weeks in a given season, etc. Research has indicated that increased
PTP dosage can improve retention of neuromuscular outcomes.(33) With that, Step 3,
components that impact dosage, leads to our step (4) of athlete outcomes, where the goal of
PTP usage is to reduce injury risk and injury rate long term (Figure 2, below).

1

2

3

4

Initial Buy In
and
Intention to
Adopt PTPs

Initial PTP
Adoption

Compliance,
Adherence,
and Fidelity
Over Time

Athlete
Outcomes

Figure 2: Simplified Flow of the Implementation Process

Promoting Health Behavior Change
Health Behavior Frameworks
To examine barriers and facilitators to health behavior change, the Theory of Planned Behavior
is composed of three main constructs: attitudes, subjective norms, and perceived behavioral
control, that are reasoned to impact a person’s intention and subsequent control over a specific
behavior. Frank et al.(95) recently utilized the Theory of Planned Behavior in conjunction with
RE-AIM SSM (Reach, Effectiveness, Adoption, Implementation, Maintenance in a Sports
Setting Matrix), an evolution of the TRIPP framework, to determine the impact of a coaches’
workshop on behavioral determinants and initial adoption of PTPs. This study determined that
the pre-season workshop improved behavioral determinants but those improved determinants
did not translate into initial adoption of PTPs. Future research is needed to uncover what
barriers and behavior drivers motivate PTP implementation.
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The Social-Ecological Model is a multi-level framework that considers the interplay of
relationships (Figure 3, below). This type of model has been used in promoting physical activity
to reduce childhood obesity and could be applied to PTP implementation research as a means
to illuminate barriers and facilitators to PTP use in terms of key relationships between coaches
and their environments. One study examined 3 different states (Arkansas, Georgia, New
Jersey) who had recently passed state-level regulations for preventing sudden death in sport in
high school athletes.(96) This study sought to identify the “gate-keepers” who worked to create
change within each state. Each state had unique infrastructures and personnel that resulted in
different answers across states. Understanding a sport league’s own infrastructure and
hierarchy is critical to creating meaningful change.

Societal
Community:
Between Coach and
Team Parents, League, etc.

Relationship:
Between Coach and
other Coaching Peers

Individual:
Coach

Figure 3. Societal-Ecological Model(1)

Using Frameworks in PTP Implementation
While researcher-led PTPs have increased the efficacy knowledge base, implementation
research occurs in a real-world context and health behavior strategies need to be employed in
order to account for the variation in human behavior and environment. Over the last decade,
few studies outlined appropriate methods for effective real-world dissemination.(97, 98) Finch et
al.(99) specifically identified the Translating Research into Injury Prevention Practice (TRIPP)
framework as a good model to describe injury prevention studies, where Stages 5 and 6 are of
particular importance for widespread diffusion and application to different populations (Figure 3).
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Stage 5 calls for a thorough description of the context of a given study so that the methodology
can be more accurately applied to other populations. Stage 6 is an evaluation of a PTP’s
effectiveness within the given setting of a study. Padua et al.(100) built on this framework by

providing 7-steps to further operationalize the development and implementation of PTPs within
the TRIPP framework (Figure 4, below). This expansion is a step-wise approach from identifying
the population, to compromising on an effective PTP, to ultimately leaving the population
autonomous. Together, these two guides provide a way to systematically understand barriers
and facilitators to health behavior within the context of PTP effectiveness. However, despite
efficacious, evidence-based programs and roadmaps for implementation, PTPs are not always
successful.

7 Steps for Developing and Implementing a PTP

TRIPP Framework
Model
Stage

Stage Description

Step

Step Description

1

Injury Surveillance

1

Establish Administrative Support

2

Establish Etiology and
Mechanisms of Injury

2

Develop an Interdisciplinary Team

3

Develop Preventive Measures

3

Identify Logistical Barriers and Solutions

4

“Ideal Conditions” /
Evaluation of Efficacy

4

Develop an Evidence-Based PTP

5

Train the Trainers and Users

6

Fidelity Control

5

Describe Intervention Context to
Inform Implementation Strategies

7
Exit Strategy
Evaluate Effectiveness of
Preventive Measures in
Implementation Context
Figure 4: TRIPP Framework Components that Give Rise to Padua’s 7 Steps (Adapted from Padua et al.(100))
6

Why Does Implementation Fail?
Despite progress in reporting and describing of evidence-based PTPs(95, 101), implementation
sometimes fails.(102) While many social-cognition and health-behavior change theories exist,
the layers and complexities involved with widespread implementation can be challenging – what
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makes sense for one population may be unrealistic or ineffective in a different setting. In order
to best elucidate why implementation may fail, we need to take another step back from the
TRIPP framework identified above to a more generic approach. Intervention Mapping broadly
outlines the process(103) (Table 1).

Step
1
2
3
4
5
6

Intervention Mapping
Step Description
Relevant Theories
Socio-Ecological Approaches to:
Needs Assessment
(a) the Problem and (b) the Solution
Social Cognition Models: Theory
Reasoned Action, Theory of Planned
Choose Approach
Behavior, Health Belief Model, Protection
Motivation Model
Plan Feasibility
• The PTP
Plan, Revise, Produce Program Materials
• Training materials/techniques
Plan Adoption, Implementation, and
RE-AIM, Context-Specific Community
Maintenance
Diffusion
Plan Evaluation
Process, Outcome, etc.

Table 1: Steps to Intervention Mapping and Relevant Theories

When viewing the Intervention Mapping technique as a cascade of events, it is easier to see
where breakdowns in the process may occur and impede successful attitude and behavior
change. The focus of PTP research has been on the implementation process with respect to
Steps 1, 2, 5, and 6. This body of evidence has helped to clearly support that there is a direct
relationship between PTP dosage and long-term injury risk reduction, indicating a need for
athletes to continuously utilize PTPs with high fidelity over the long term.(104, 105)

However, in order to facilitate long-term PTP compliance and maintenance, coaches must be
empowered to conduct PTPs independently. In community level youth sports, coaches have a
spectrum of experiences and injury prevention knowledge, frequently resulting in inadequate
PTP compliance.(106) Up to this point, the push for implementation description has focused on,
“Is this PTP effective? Is this PTP worth implementing?” Now that the answer is a clear “Yes”,
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conversations need to be directed to, “How can I convince anyone to use this program
effectively?”

Few studies have clearly described educational components to use during workshops,(83, 89,
90, 95, 107, 108) and even fewer have followed-up to ensure that the coaches demonstrate the
behavior.(83, 95) There is a need to better understand approaches to PTP education in order to
reach a variety of coach audiences and to promote attitude and behavior change.

Educational Techniques to Stimulate Learning
Determinants of Behavior – Knowledge, Attitudes and Behavior
“Development of Program Materials” in Step 4 of the Intervention Map (Table 1) can be further
broken down into developing (1) the PTP itself and (2) training materials and education
techniques to train the trainers. While evidence-based researcher-led PTPs have been
identified,(30, 31, 56, 105, 109) there is limited information regarding appropriate curricula and
education techniques for workshops.(95, 100, 101)

Initial research into this area has looked at determinants of stakeholder behavior through
analysis of knowledge, attitudes, and behaviors.(88, 90, 95, 106, 108, 110, 111) This is framed
with the logic that if you know what coaches or players do not know, a researcher can better
understand what to review in a training session. This would seem to be a logical flow of events,
where if you can improve someone’s knowledge, attitudes, and behaviors, you are at least

0

Knowledge
and
Attitudes

1

Initial Buy In/
Intention to
Adopt PTPs

2

3

4

Initial PTP
Adoption

Compliance,
Adherence,
and Fidelity
Over Time

Athlete
Outcomes

Figure 5: Augmented Flow of the Implementation Process
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beginning the cascade toward PTP adoption (Figure 5).

Unfortunately, while pre-season education training sessions have been shown to increase
knowledge, attitudes, and intention to adopt PTPs,(83, 95, 107) intention to adopt a PTP does
not necessarily predicate actual behavior change.(95) This may be in part because what has
been studied thus far are determinants of behavior, such as knowledge and attitudes, and these
components are not necessarily the same thing as determinants of behavior change.(103)
Studies investigating coach behavior determinants have called for more exploration of behavior
change determinants.(89, 95)

Content of Education
Padua et al.(100) identified pertinent topics of discussion to review during a train-the-trainers
session for the US military academy. Over the course of a 2-hour educational workshop, this
study prioritized:
•

PTP effectiveness

•

Alignment with organizational supports

•

Knowledge

•

Self-efficacy

•

Feedback

The effectiveness component focused on the positives of PTP use, such as injury reduction and
improved athletic performance. During the training sessions, the research group was able to
thoroughly describe each exercise and conduct hands-on training for implementation. While this
is a good explanation of a training session, this particular study was afforded 2-hours of the
trainees’ attention. Conversely, Frank et al.(95) sought to implement a PTP in a youth soccer
league and was given 30-minutes to train the coaches. Frank et al.(95) also emphasized PTP
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effectiveness in reducing injury and improving sport performance as well as describing
individual exercises but had a much shorter amount of time available. Both studies also directed
the attendees to supplemental materials online for further reference following the workshop.

The difference in time allotment between these two studies may be a common problem across
implementation studies. There is a need to define specific strategies to use when brevity and
succinctness are necessary.

Selecting Content - Targeted vs. Tailored Approaches
One way to ensure that a coaches’ training includes relevant behavior change determinants is
to use a tailored education approach. Previous approaches to coach education have been
targeted in nature, focusing on general behavior determinants found to be relevant for a
coaching population. However, coach populations can vary tremendously, from coaching
experience, if the person is a parent or not, what age and competition level the person is
coaching, which gender the person is coaching, etc. All of these factors can contribute to a
variety of information interests.

A tailored approach, on the other hand, would take the specific population of coaches being
trained, for instance a single soccer league, conduct a needs-assessment to determine which
information would be most motivating for each person, and to then design the educational
training based on the findings.(112) While this may seem unrealistic for widespread
dissemination, growth in automated algorithms and technology may help to streamline this
process in the future. This approach has been successfully utilized in health and wellness
strategies as well as in medical school curricula.(112, 113)
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Application of Educational Techniques from Other Fields
Discourse
Discourse, or communication language between a teacher and student or student with another
student, helps learners to apply content into practice.(114) PTP implementation has been
closely linked to program fidelity, and frequently emphasizes the need for continuous feedback
on exercise form.(30, 82) During training, it may important to encourage participant
communication and to make training as interactive as possible, while limiting didactic
lecture.(115)

This type of strategy should increase the learners’ time spent on task and help

the person to engage with the material more deeply, which in turn may improve the learners’
self-efficacy and confidence with implementing PTPs independently in the future.(116-118)

Social Cognitive Theory
Social Cognitive Theory (SLT), an expansion of the Social Learning Theory, where a learner is
able to learn a behavior based on a combination of observations of the behavior and an
understanding of the positive and negative consequences of the behavior.(119) With
observational learning, a coach would be watching a researcher or educator set-up and run a
PTP. The next step would be active learning, where the coach engages in hands-on learning
and works to implement the PTP in a contrived scenario with other coaches in the workshop. In
combination with discourse, the coach is able to first learn (discourse), then see (SLT
observation), then do (active learning). If followed by a debrief session to address questions and
to ensure positive and negative consequences of the behavior are reiterated, this learning
sequence may promote an effective long-term learning experience.
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Mentorship
One aspect of coach learning that has been studied at a cross sectional level in PTP
implementation, is the impact of role-modeling from other coaches and administrative
support.(108) In this respect, coaches stated they would be more likely to engage in PTP use if
he or she felt that other coaches that he or she considered experts in the field were also using
PTPs. To create this social network and social norm, researcher-led mentorship may need to be
established for a period of time. Researchers could connect similar leagues to each other to
build a social network, or serve as a continued resource for advice and troubleshooting help.

Adult Learning
Other components to keep in mind during education strategizing are the differences between
adult and child learners. Adult learning, or andragogy, may consider that adults tend to be more
self-directed and incorporate life experiences and knowledge into learning.(120) This is
particularly relevant for coaching education, where experience with specific sports, both playing
and coaching, will heavily influence a coach’s willingness and ability to implement a PTP.
Incorporation of previous knowledge and experience can actually be a strength of coaching
education, where coaches’ can take ownership of their team warm-up while still learning
important injury prevention techniques.

Persuasive Strategy – TED Format
TED, or Technology, Entertainment and Design, talks are a succinct, widespread method for
approaching lecture presentations. These lectures are massively popular podcasts and are
anecdotally effective in relaying a central message to the audience. Applying a TED talk format
to future PTP education technologies could be one way of ensuring an interesting, meaningful
central message while leaving ample time for hands-on learning and discussion, regardless of if
you have 2-hours or 30-minutes with your group.(121)
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In general, TED talks are anywhere from 10-18 minutes depending on the session
specifications, but are never longer than 18 minutes. TED talks emphasize brevity in making a
point unforgettable. Overall, the speaker must identify key, meaty points needed to justify an
argument and must support this argument using meaningful examples without over-burdening
the audience with statistics. In utilizing a needs-assessment, a PTP promoter will have a batch
of important information that the audience wants to know and be able to formulate a TED talk
format to streamline education efforts.

In conclusion, there are numerous theories, models, frameworks, and strategies to approach
education and PTP dissemination. The last ten years of PTP implementation research has
surged in delineating frameworks and describing the steps taken toward to implementation. This
same effort needs to be put toward specifically describing educational techniques and strategies
to promote coach education efforts and long-term behavior adoption.

Rationale for Dissertation
Despite strong evidence that PTPs can reduce injury risk, injury rate, and improve performance
in youth athletes, fewer than 20% of coaches implement PTPs.(106, 110) Particularly at the
community level, coaches are frequently volunteer parents and have a wide variety of sport
knowledge and experience. Given the challenge of translating PTP use in this particular coach
population, there is a need to improve training in order to efficiently educate and motivate
coaches to use PTPs. Existing strategies have first focused on the efficacy of an educational
workshop toward PTPs within the context of the Theory of Planned Behavior.(95) Coaches’
training workshops can improve knowledge, attitudes, and intentions to implement a PTP;
however, that intention does not necessarily translate into behavioral change.(95) Other studies
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have examined coach barriers and facilitators to PTP adoption at an exploratory level to guide
framework design, finding league administration oversight and colleague mentorship to be
strong contributing factors to PTP use.(90, 106) A social-ecological model has been utilized in
other physical activity interventions, showing success in engaging different layers within an
organization’s hierarchy.(122) Our current proposal will seek to use the social-ecological model
to develop a greater understanding of the interplay between league directors, coaches, and
parents, and how those interactions can be used to improve pre-season workshops. We will
then use findings to drive a succinct, tailored education strategy. To our knowledge, no study
has evaluated the impact of a tailored workshop on PTP intention to adopt, adoption,
compliance and the subsequent impact on athlete outcomes.

Preliminary Studies
To promote early adoption of PTPs in youth sport, we have conducted efficacy trials with
researcher-led PTPs for youth athletes, as well as collected preliminary effectiveness data with
coach-led PTPs. Our current proposal will advance this line of research by evaluating education
techniques and monitoring season-long compliance in community level youth coaches.

Acute Effects of PTPs in Youth Athletes
A common barrier to PTP implementation is the perception that PTPs make athletes too
fatigued prior to sport. We examined the immediate effects of a static, dynamic, and PTP warmup on performance measurements and jump-landing technique after a single session.(123)
There were no differences between groups for performance measures and the PTP improved
jump-landing technique. This refutes that PTPs impair acute performance and supports PTP
use.
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Influence of PTPs on Neuromuscular Control in Youth Athletes
We evaluated different implementation strategies in researcher-led PTPs to determine if
feedback could be simplified when delivering PTP interventions. A cluster-randomized
controlled trial with 29 youth soccer teams and approximately 400 participants showed that a
simplified PTP was as effective as a traditional PTP. This can help to simplify coach training by
focusing on the select key movement correction cues that impact movement training in youth
athletes.

Pilot Study – Influence of a Coach’s Educational Workshop on PTP Effects
We hypothesized that coaches could successfully implement a PTP after attending an 60minute educational workshop. Twelve coaches attended and demonstrated nearly 100%
compliance with implementing the program effectively, as evidenced by their athletes improving
landing technique (mean difference [post-pre]= -0.8±0.2,], p<0.001). We concluded that youth
coaches can effectively implement a PTP after a workshop, but this was a small sample.

Summary of Preliminary Studies
The preliminary studies highlight the experience that our research team has to complete our
proposed project. The foundational concepts outlined need to be used in concert to build an
optimal PTP implementation dissemination strategy to promote coach-led PTPs and reduce
athletic injuries long-term.

Summary and Approach
Despite strong evidence that PTPs can reduce injury risk, injury rate, and improve performance
in youth athletes fewer than 20% of high school level basketball and soccer coaches implement
PTPs.(106, 110) Particularly at the community level, coaches are frequently volunteer parents
and have a wide variety of sport knowledge and experience. Given the challenge of translating
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PTP use in this particular coach population, there is a need to improve training in order to
efficiently educate and motivate coaches to use PTPs.

Existing strategies have first focused on the efficacy of an educational workshop toward PTPs
within the context of the Theory of Planned Behavior.(95) Coaches’ training workshops can
improve knowledge, attitudes, and intentions to implement a PTP; however, that intention does
not necessarily translate into behavioral change.(95) Other studies have examined coach
barriers and facilitators to PTP adoption at an exploratory level to guide framework design,
finding league administration oversight and colleague mentorship to be strong contributing
factors to PTP use.(90, 106) A social-ecological model has been utilized in other physical
activity interventions, showing success in engaging different layers within an organization’s
hierarchy.(122) This dissertation will seek to use the social-ecological model to develop a
greater understanding of the interplay between league directors, coaches, and parents, and how
those interactions can be used to improve pre-season workshops and ultimately athlete health
outcomes.

26

CHAPTER II REFERENCES
1 Wier L, Miller A, Steiner C. Sports Injuries in Children Requiring Hospital Emergency Care,
2006: Statistical Brief #75. Healthcare Cost and Utilization Project (HCUP) Statistical Briefs.
Rockville (MD); 2006.
2 Danish SJ FT, Wallace I. Sport-Based Life Skills Programming in the Schools. Journal of
Applied School Psychology. 2005;21(1):41-62.
3 Boone SD, Brausch AM. Physical Activity, Exercise Motivations, Depression, and Nonsuicidal
Self-Injury in Youth. Suicide Life Threat Behav. 2016 Mar 11.
4 Donnelly JE, Hillman CH, Castelli D, et al. Physical Activity, Fitness, Cognitive Function, and
Academic Achievement in Children: A Systematic Review. Med Sci Sports Exerc. 2016
Jun;48(6):1197-222.
5 Babic MJ, Morgan PJ, Plotnikoff RC, Lonsdale C, White RL, Lubans DR. Physical activity and
physical self-concept in youth: systematic review and meta-analysis. Sports Med. 2014
Nov;44(11):1589-601.
6 Browne GJ, Barnett P. Common sports-related musculoskeletal injuries presenting to the
emergency department. J Paediatr Child Health. 2016 Feb;52(2):231-6.
7 Stracciolini A, Casciano R, Friedman HL, Meehan WP, 3rd, Micheli LJ. A closer look at
overuse injuries in the pediatric athlete. Clin J Sport Med. 2015 Jan;25(1):30-5.
8 Stracciolini A, Casciano R, Levey Friedman H, Meehan WP, 3rd, Micheli LJ. Pediatric sports
injuries: an age comparison of children versus adolescents. Am J Sports Med. 2013
Aug;41(8):1922-9.
9 Stracciolini A, Casciano R, Levey Friedman H, Stein CJ, Meehan WP, 3rd, Micheli LJ.
Pediatric sports injuries: a comparison of males versus females. Am J Sports Med. 2014
Apr;42(4):965-72.
10 Bayt DR, Bell TM. Trends in paediatric sports-related injuries presenting to US emergency
departments, 2001-2013. Inj Prev. 2015 Dec 23.
11 Gianoudis J, Webster KE, Cook J. Volume of physical activity and injury occurrence in young
basketball players. J Sports Sci Med. 2008;7(1):139-43.
12 Jayanthi NA, LaBella CR, Fischer D, Pasulka J, Dugas LR. Sports-specialized intensive
training and the risk of injury in young athletes: a clinical case-control study. Am J Sports Med.
2015 Apr;43(4):794-801.
13 Kahlenberg CA, Nair R, Monroe E, Terry MA, Edwards SL. Incidence of injury based on
sports participation in high school athletes. Phys Sportsmed. 2016 May 9:1-5.
14 Sanders TL, Maradit Kremers H, Bryan AJ, et al. Incidence of Anterior Cruciate Ligament
Tears and Reconstruction: A 21-Year Population-Based Study. Am J Sports Med. 2016 Feb 26.
15 Marshall SW. Recommendations for defining and classifying anterior cruciate ligament
injuries in epidemiologic studies. J Athl Train. 2010 Sep-Oct;45(5):516-8.
16 Griffin LY, Albohm MJ, Arendt EA, et al. Understanding and preventing noncontact anterior
cruciate ligament injuries: a review of the Hunt Valley II meeting, January 2005. Am J Sports
Med. 2006 Sep;34(9):1512-32.
17 Whittaker JL, Woodhouse LJ, Nettel-Aguirre A, Emery CA. Outcomes associated with early
post-traumatic osteoarthritis and other negative health consequences 3-10 years following knee
joint injury in youth sport. Osteoarthritis Cartilage. 2015 Jul;23(7):1122-9.
18 Lohmander LS, Englund PM, Dahl LL, Roos EM. The long-term consequence of anterior
cruciate ligament and meniscus injuries: osteoarthritis. Am J Sports Med. 2007
Oct;35(10):1756-69.
19 Murphy L, Helmick CG. The impact of osteoarthritis in the United States: a population-health
perspective. Am J Nurs. 2012 Mar;112(3 Suppl 1):S13-9.
20 Hutton CW. Osteoarthritis: the cause not result of joint failure? Ann Rheum Dis. 1989
Nov;48(11):958-61.

27

21 Palazzo C, Nguyen C, Lefevre-Colau MM, Rannou F, Poiraudeau S. Risk factors and burden
of osteoarthritis. Ann Phys Rehabil Med. 2016 Feb 19.
22 Litwic A, Edwards MH, Dennison EM, Cooper C. Epidemiology and burden of osteoarthritis.
Br Med Bull. 2013;105:185-99.
23 Silverwood V, Blagojevic-Bucknall M, Jinks C, Jordan JL, Protheroe J, Jordan KP. Current
evidence on risk factors for knee osteoarthritis in older adults: a systematic review and metaanalysis. Osteoarthritis Cartilage. 2015 Apr;23(4):507-15.
24 Luc B, Gribble PA, Pietrosimone BG. Osteoarthritis prevalence following anterior cruciate
ligament reconstruction: a systematic review and numbers-needed-to-treat analysis. J Athl
Train. 2014 Nov-Dec;49(6):806-19.
25 Sanders TL, Kremers HM, Bryan AJ, et al. Is Anterior Cruciate Ligament Reconstruction
Effective in Preventing Secondary Meniscal Tears and Osteoarthritis? Am J Sports Med. 2016
Mar 8.
26 Rossler R, Donath L, Verhagen E, Junge A, Schweizer T, Faude O. Exercise-based injury
prevention in child and adolescent sport: a systematic review and meta-analysis. Sports Med.
2014 Dec;44(12):1733-48.
27 Weber ML, KC.; Valovich-McLeod, TC.; . The Effectiveness of Injury Prevention Programs
for Youth and Adolescent Athletes. Int J Athl Ther and Train. 2016;21(2):25-31.
28 Benjaminse A, Gokeler A, Dowling AV, et al. Optimization of the anterior cruciate ligament
injury prevention paradigm: novel feedback techniques to enhance motor learning and reduce
injury risk. J Orthop Sports Phys Ther. 2015 Mar;45(3):170-82.
29 Benjaminse A, Otten B, Gokeler A, Diercks RL, Lemmink KA. Motor learning strategies in
basketball players and its implications for ACL injury prevention: a randomized controlled trial.
Knee Surg Sports Traumatol Arthrosc. 2015 Aug 11.
30 DiStefano LJ, Blackburn JT, Marshall SW, Guskiewicz KM, Garrett WE, Padua DA. Effects of
an age-specific anterior cruciate ligament injury prevention program on lower extremity
biomechanics in children. Am J Sports Med. 2011 May;39(5):949-57.
31 DiStefano LJ, Padua DA, Blackburn JT, Garrett WE, Guskiewicz KM, Marshall SW.
Integrated injury prevention program improves balance and vertical jump height in children. J
Strength Cond Res. 2010 Feb;24(2):332-42.
32 LaBella CR, Huxford MR, Grissom J, Kim KY, Peng J, Christoffel KK. Effect of
neuromuscular warm-up on injuries in female soccer and basketball athletes in urban public
high schools: cluster randomized controlled trial. Arch Pediatr Adolesc Med. 2011
Nov;165(11):1033-40.
33 Padua DA, DiStefano LJ, Marshall SW, Beutler AI, de la Motte SJ, DiStefano MJ. Retention
of movement pattern changes after a lower extremity injury prevention program is affected by
program duration. Am J Sports Med. 2012 Feb;40(2):300-6.
34 Caraffa A, Cerulli G, Projetti M, Aisa G, Rizzo A. Prevention of anterior cruciate ligament
injuries in soccer. A prospective controlled study of proprioceptive training. Knee Surg Sports
Traumatol Arthrosc. 1996;4(1):19-21.
35 Collard DC, Verhagen EA, Chinapaw MJ, Knol DL, van Mechelen W. Effectiveness of a
school-based physical activity injury prevention program: a cluster randomized controlled trial.
Arch Pediatr Adolesc Med. 2010 Feb;164(2):145-50.
36 Cumps E, Verhagen E, Meeusen R. Efficacy of a sports specific balance training programme
on the incidence of ankle sprains in basketball. J Sports Sci Med. 2007;6(2):212-9.
37 Emery CA, Cassidy JD, Klassen TP, Rosychuk RJ, Rowe BH. Effectiveness of a homebased balance-training program in reducing sports-related injuries among healthy adolescents:
a cluster randomized controlled trial. CMAJ. 2005 Mar 15;172(6):749-54.
38 Emery CA, Meeuwisse WH. The effectiveness of a neuromuscular prevention strategy to
reduce injuries in youth soccer: a cluster-randomised controlled trial. Br J Sports Med. 2010
Jun;44(8):555-62.
28

39 Emery CA, Rose MS, McAllister JR, Meeuwisse WH. A prevention strategy to reduce the
incidence of injury in high school basketball: a cluster randomized controlled trial. Clin J Sport
Med. 2007 Jan;17(1):17-24.
40 Engebretsen AH, Myklebust G, Holme I, Engebretsen L, Bahr R. Prevention of injuries
among male soccer players: a prospective, randomized intervention study targeting players with
previous injuries or reduced function. Am J Sports Med. 2008 Jun;36(6):1052-60.
41 Gilchrist J, Mandelbaum BR, Melancon H, et al. A randomized controlled trial to prevent
noncontact anterior cruciate ligament injury in female collegiate soccer players. Am J Sports
Med. 2008 Aug;36(8):1476-83.
42 Heidt RS, Jr., Sweeterman LM, Carlonas RL, Traub JA, Tekulve FX. Avoidance of soccer
injuries with preseason conditioning. Am J Sports Med. 2000 Sep-Oct;28(5):659-62.
43 Hewett TE, Lindenfeld TN, Riccobene JV, Noyes FR. The effect of neuromuscular training on
the incidence of knee injury in female athletes. A prospective study. Am J Sports Med. 1999
Nov-Dec;27(6):699-706.
44 Junge A, Rosch D, Peterson L, Graf-Baumann T, Dvorak J. Prevention of soccer injuries: a
prospective intervention study in youth amateur players. Am J Sports Med. 2002 SepOct;30(5):652-9.
45 Kiani A, Hellquist E, Ahlqvist K, Gedeborg R, Michaelsson K, Byberg L. Prevention of soccerrelated knee injuries in teenaged girls. Arch Intern Med. 2010 Jan 11;170(1):43-9.
46 Longo UG, Loppini M, Berton A, Marinozzi A, Maffulli N, Denaro V. The FIFA 11+ program is
effective in preventing injuries in elite male basketball players: a cluster randomized controlled
trial. Am J Sports Med. 2012 May;40(5):996-1005.
47 Malliou PG, A.; Pafis, G.; . Proprioceptive training (balance exercises) reduces lower
extremity injuries in young soccer players. J Back Musculoskelet Rehabil. 2004;17(3):101-4.
48 Mandelbaum BR, Silvers HJ, Watanabe DS, et al. Effectiveness of a neuromuscular and
proprioceptive training program in preventing anterior cruciate ligament injuries in female
athletes: 2-year follow-up. Am J Sports Med. 2005 Jul;33(7):1003-10.
49 McGuine TA, Keene JS. The effect of a balance training program on the risk of ankle sprains
in high school athletes. Am J Sports Med. 2006 Jul;34(7):1103-11.
50 Myklebust G, Engebretsen L, Braekken IH, Skjolberg A, Olsen OE, Bahr R. Prevention of
anterior cruciate ligament injuries in female team handball players: a prospective intervention
study over three seasons. Clin J Sport Med. 2003 Mar;13(2):71-8.
51 Olsen OE, Myklebust G, Engebretsen L, Holme I, Bahr R. Exercises to prevent lower limb
injuries in youth sports: cluster randomised controlled trial. BMJ. 2005 Feb 26;330(7489):449.
52 Petersen W, Braun C, Bock W, et al. A controlled prospective case control study of a
prevention training program in female team handball players: the German experience. Arch
Orthop Trauma Surg. 2005 Nov;125(9):614-21.
53 Pfeiffer RP, Shea KG, Roberts D, Grandstrand S, Bond L. Lack of effect of a knee ligament
injury prevention program on the incidence of noncontact anterior cruciate ligament injury. J
Bone Joint Surg Am. 2006 Aug;88(8):1769-74.
54 Scase E, Cook J, Makdissi M, Gabbe B, Shuck L. Teaching landing skills in elite junior
Australian football: evaluation of an injury prevention strategy. Br J Sports Med. 2006
Oct;40(10):834-8; discussion 8.
55 Soderman K, Werner S, Pietila T, Engstrom B, Alfredson H. Balance board training:
prevention of traumatic injuries of the lower extremities in female soccer players? A prospective
randomized intervention study. Knee Surg Sports Traumatol Arthrosc. 2000;8(6):356-63.
56 Soligard T, Myklebust G, Steffen K, et al. Comprehensive warm-up programme to prevent
injuries in young female footballers: cluster randomised controlled trial. BMJ. 2008;337:a2469.
57 Steffen K, Myklebust G, Olsen OE, Holme I, Bahr R. Preventing injuries in female youth
football--a cluster-randomized controlled trial. Scand J Med Sci Sports. 2008 Oct;18(5):605-14.

29

58 Walden MA, I.; Magnusson, H.;. Prevention of acute knee injuries in adolescent female
football players: cluster randomised controlled trial. BMJ. 2012(344).
59 Wedderkopp N, Kaltoft M, Lundgaard B, Rosendahl M, Froberg K. Prevention of injuries in
young female players in European team handball. A prospective intervention study. Scand J
Med Sci Sports. 1999 Feb;9(1):41-7.
60 Soligard T, Nilstad A, Steffen K, et al. Compliance with a comprehensive warm-up
programme to prevent injuries in youth football. Br J Sports Med. 2010 Sep;44(11):787-93.
61 Sugimoto D, Myer GD, Bush HM, Klugman MF, Medina McKeon JM, Hewett TE. Compliance
with neuromuscular training and anterior cruciate ligament injury risk reduction in female
athletes: a meta-analysis. Journal of athletic training. 2012 Nov-Dec;47(6):714-23.
62 Colby S, Francisco A, Yu B, Kirkendall D, Finch M, Garrett W, Jr. Electromyographic and
kinematic analysis of cutting maneuvers. Implications for anterior cruciate ligament injury. Am J
Sports Med. 2000 Mar-Apr;28(2):234-40.
63 Fleming BC, Ohlen G, Renstrom PA, Peura GD, Beynnon BD, Badger GJ. The effects of
compressive load and knee joint torque on peak anterior cruciate ligament strains. Am J Sports
Med. 2003 Sep-Oct;31(5):701-7.
64 Granata KP, Padua DA, Wilson SE. Gender differences in active musculoskeletal stiffness.
Part II. Quantification of leg stiffness during functional hopping tasks. J Electromyogr Kinesiol.
2002 Apr;12(2):127-35.
65 Granata KP, Wilson SE, Padua DA. Gender differences in active musculoskeletal stiffness.
Part I. Quantification in controlled measurements of knee joint dynamics. J Electromyogr
Kinesiol. 2002 Apr;12(2):119-26.
66 Myer GD, Ford KR, Barber Foss KD, Liu C, Nick TG, Hewett TE. The relationship of
hamstrings and quadriceps strength to anterior cruciate ligament injury in female athletes. Clin J
Sport Med. 2009 Jan;19(1):3-8.
67 Withrow TJ, Huston LJ, Wojtys EM, Ashton-Miller JA. The relationship between quadriceps
muscle force, knee flexion, and anterior cruciate ligament strain in an in vitro simulated jump
landing. Am J Sports Med. 2006 Feb;34(2):269-74.
68 Withrow TJ, Huston LJ, Wojtys EM, Ashton-Miller JA. The effect of an impulsive knee valgus
moment on in vitro relative ACL strain during a simulated jump landing. Clin Biomech (Bristol,
Avon). 2006 Nov;21(9):977-83.
69 Withrow TJ, Huston LJ, Wojtys EM, Ashton-Miller JA. Effect of varying hamstring tension on
anterior cruciate ligament strain during in vitro impulsive knee flexion and compression loading.
J Bone Joint Surg Am. 2008 Apr;90(4):815-23.
70 DiStefano LJ, Padua DA, DiStefano MJ, Marshall SW. Influence of age, sex, technique, and
exercise program on movement patterns after an anterior cruciate ligament injury prevention
program in youth soccer players. Am J Sports Med. 2009 Mar;37(3):495-505.
71 Lim BO, Lee YS, Kim JG, An KO, Yoo J, Kwon YH. Effects of sports injury prevention
training on the biomechanical risk factors of anterior cruciate ligament injury in high school
female basketball players. Am J Sports Med. 2009 Sep;37(9):1728-34.
72 Emery CA, Roy TO, Whittaker JL, Nettel-Aguirre A, van Mechelen W. Neuromuscular
training injury prevention strategies in youth sport: a systematic review and meta-analysis. Br J
Sports Med. 2015 Jul;49(13):865-70.
73 Leppanen M, Pasanen K, Kulmala JP, et al. Knee Control and Jump-Landing Technique in
Young Basketball and Floorball Players. Int J Sports Med. 2016 Apr;37(4):334-8.
74 Stanley LE, Kerr ZY, Dompier TP, Padua DA. Sex Differences in the Incidence of Anterior
Cruciate Ligament, Medial Collateral Ligament, and Meniscal Injuries in Collegiate and High
School Sports: 2009-2010 Through 2013-2014. Am J Sports Med. 2016 Mar 3.
75 Hands B, Parker HE, Rose E, Larkin D. Gender and motor competence affects perceived
likelihood and importance of physical activity outcomes among 14 year olds. Child Care Health
Dev. 2016 Mar;42(2):246-52.
30

76 Emery C, Tyreman H. Sport participation, sport injury, risk factors and sport safety practices
in Calgary and area junior high schools. Paediatr Child Health. 2009 Sep;14(7):439-44.
77 Marshall DA, Lopatina E, Lacny S, Emery CA. Economic impact study: neuromuscular
training reduces the burden of injuries and costs compared to standard warm-up in youth
soccer. Br J Sports Med. 2016 Mar 31.
78 Verhagen EA. Costing an injury prevention program in amateur adult soccer. Clin J Sport
Med. 2013 Nov;23(6):500-1.
79 Krist MR, van Beijsterveldt AM, Backx FJ, de Wit GA. Preventive exercises reduced injuryrelated costs among adult male amateur soccer players: a cluster-randomised trial. J
Physiother. 2013 Mar;59(1):15-23.
80 Swart E, Redler L, Fabricant PD, Mandelbaum BR, Ahmad CS, Wang YC. Prevention and
screening programs for anterior cruciate ligament injuries in young athletes: a cost-effectiveness
analysis. J Bone Joint Surg Am. 2014 May 7;96(9):705-11.
81 O'Brien J, Finch CF. Injury Prevention Exercise Programs for Professional Soccer:
Understanding the Perceptions of the End-Users. Clin J Sport Med. 2016 Jan 19.
82 Steffen K, Emery CA, Romiti M, et al. High adherence to a neuromuscular injury prevention
programme (FIFA 11+) improves functional balance and reduces injury risk in Canadian youth
female football players: a cluster randomised trial. Br J Sports Med. 2013 Aug;47(12):794-802.
83 Steffen K, Meeuwisse WH, Romiti M, et al. Evaluation of how different implementation
strategies of an injury prevention programme (FIFA 11+) impact team adherence and injury risk
in Canadian female youth football players: a cluster-randomised trial. Br J Sports Med. 2013
May;47(8):480-7.
84 Rossler R, Donath L, Bizzini M, Faude O. A new injury prevention programme for children's
football - FIFA 11+ Kids - can improve motor performance: a cluster-randomised controlled trial.
J Sports Sci. 2016 Mar;34(6):549-56.
85 Vescovi JD, VanHeest JL. Effects of an anterior cruciate ligament injury prevention program
on performance in adolescent female soccer players. Scand J Med Sci Sports. 2010
Jun;20(3):394-402.
86 Lloyd RS, Oliver JL, Faigenbaum AD, Myer GD, De Ste Croix MB. Chronological age vs.
biological maturation: implications for exercise programming in youth. J Strength Cond Res.
2014 May;28(5):1454-64.
87 Lloyd RS, Oliver JL, Radnor JM, Rhodes BC, Faigenbaum AD, Myer GD. Relationships
between functional movement screen scores, maturation and physical performance in young
soccer players. J Sports Sci. 2015;33(1):11-9.
88 McKay CD, Steffen K, Romiti M, Finch CF, Emery CA. The effect of coach and player injury
knowledge, attitudes and beliefs on adherence to the FIFA 11+ programme in female youth
soccer. Br J Sports Med. 2014 Sep;48(17):1281-6.
89 Saunders N, Otago L, Romiti M, Donaldson A, White P, Finch C. Coaches' perspectives on
implementing an evidence-informed injury prevention programme in junior community netball. Br
J Sports Med. 2010 Dec;44(15):1128-32.
90 White PE, Otago L, Saunders N, et al. Ensuring implementation success: how should coach
injury prevention education be improved if we want coaches to deliver safety programmes
during training sessions? Br J Sports Med. 2014 Mar;48(5):402-3.
91 MacNamara A, Collins D, Giblin S. Just let them play? Deliberate preparation as the most
appropriate foundation for lifelong physical activity. Front Psychol. 2015;6:1548.
92 Longmuir PE, Tremblay MS. Top 10 Research Questions Related to Physical Literacy. Res
Q Exerc Sport. 2016 Mar;87(1):28-35.
93 Corbin CB. Implications of Physical Literacy for Research and Practice: A Commentary. Res
Q Exerc Sport. 2016 Mar;87(1):14-27.

31

94 Fortington LV, Berry J, Buttifant D, Ullah S, Diamantopoulou K, Finch CF. Shorter time to first
injury in first year professional football players: A cross-club comparison in the Australian
Football League. J Sci Med Sport. 2016 Jan;19(1):18-23.
95 Frank BS, Register-Mihalik J, Padua DA. High levels of coach intent to integrate a ACL injury
prevention program into training does not translate to effective implementation. J Sci Med Sport.
2015 Jul;18(4):400-6.
96 Pagnotta K. Implementing Health and Safety Policy Changes at the High School Level from
a Leadership Perspective (Doctoral Dissertation). DigitalCommons@UCONN. 2014.
97 McGlashan AJ, Finch CF. The extent to which behavioural and social sciences theories and
models are used in sport injury prevention research. Sports Med. 2010 Oct 1;40(10):841-58.
98 Trifiletti LB, Gielen AC, Sleet DA, Hopkins K. Behavioral and social sciences theories and
models: are they used in unintentional injury prevention research? Health Educ Res. 2005
Jun;20(3):298-307.
99 Finch C. A new framework for research leading to sports injury prevention. J Sci Med Sport.
2006 May;9(1-2):3-9; discussion 10.
100 Padua DA, Frank B, Donaldson A, et al. Seven steps for developing and implementing a
preventive training program: lessons learned from JUMP-ACL and beyond. Clin Sports Med.
2014 Oct;33(4):615-32.
101 Donaldson A, Lloyd DG, Gabbe BJ, Cook J, Finch CF. We have the programme, what
next? Planning the implementation of an injury prevention programme. Inj Prev. 2016 Jan 19.
102 Finch CF. No longer lost in translation: the art and science of sports injury prevention
implementation research. Br J Sports Med. 2011 Dec;45(16):1253-7.
103 Brug J, Oenema A, Ferreira I. Theory, evidence and Intervention Mapping to improve
behavior nutrition and physical activity interventions. Int J Behav Nutr Phys Act. 2005 Apr
4;2(1):2.
104 Fortington LV, Donaldson A, Lathlean T, et al. When 'just doing it' is not enough: assessing
the fidelity of player performance of an injury prevention exercise program. J Sci Med Sport.
2015 May;18(3):272-7.
105 Silvers-Granelli H, Mandelbaum B, Adeniji O, et al. Efficacy of the FIFA 11+ Injury
Prevention Program in the Collegiate Male Soccer Player. Am J Sports Med. 2015
Nov;43(11):2628-37.
106 Norcross MF, Johnson ST, Bovbjerg VE, Koester MC, Hoffman MA. Factors influencing
high school coaches' adoption of injury prevention programs. J Sci Med Sport. 2015 Apr 1.
107 Gianotti S, Hume PA, Tunstall H. Efficacy of injury prevention related coach education
within netball and soccer. J Sci Med Sport. 2010 Jan;13(1):32-5.
108 White P, Donaldson A, Finch CF. But can someone like me do it? The importance of
appropriate role modelling for safety behaviours in sports injury prevention. Br J Sports Med.
2015 Oct 14.
109 Bizzini M, Dvorak J. FIFA 11+: an effective programme to prevent football injuries in various
player groups worldwide-a narrative review. Br J Sports Med. 2015 May;49(9):577-9.
110 Joy EA, Taylor JR, Novak MA, Chen M, Fink BP, Porucznik CA. Factors influencing the
implementation of anterior cruciate ligament injury prevention strategies by girls soccer
coaches. J Strength Cond Res. 2013 Aug;27(8):2263-9.
111 O'Brien J, Donaldson A, Finch CF. It will take more than an existing exercise programme to
prevent injury. Br J Sports Med. 2016 Mar;50(5):264-5.
112 Linnan L JJ, Eastman M. Tailoring and Health Promotion in the Workplace. In: MP OD,
editor. Health Promotion In The Workplace: Improving Awareness, Enhancing Motivation,
Building Skills and Creating Opportunities. 4th ed. Troy, MI: American Journal of Health
Promotion 2015.

32

113 von Pressentin KB, Waggie F, Conradie H. Towards tailored teaching: using participatory
action research to enhance the learning experience of Longitudinal Integrated Clerkship
students in a South African rural district hospital. BMC Med Educ. 2016;16(1):82.
114 Malone HJ, Noam GG. Next steps in the expanded learning discourse. New Dir Youth Dev.
2011 Fall;2011(131):119-35.
115 Kurowski BG, Pomerantz WJ, Schaiper C, Ho M, Gittelman MA. Impact of preseason
concussion education on knowledge, attitudes, and behaviors of high school athletes. J Trauma
Acute Care Surg. 2015 Sep;79(3 Suppl 1):S21-8.
116 Ramjan LM, Stewart L, Salamonson Y, et al. Identifying strategies to assist final semester
nursing students to develop numeracy skills: a mixed methods study. Nurse Educ Today. 2014
Mar;34(3):405-12.
117 Salamonson Y, Weaver R, Chang S, et al. Learning approaches as predictors of academic
performance in first year health and science students. Nurse Educ Today. 2013 Jul;33(7):72933.
118 Andrew S, McVicar A, Zanganeh M, Henderson N. Self-efficacy and relevance of
bioscience for nursing, midwifery and healthcare students. J Clin Nurs. 2015 Oct;24(1920):2965-72.
119 Bandura A. Human agency in social cognitive theory. Am Psychol. 1989 Sep;44(9):117584.
120 Parkinson TJ, St George AM. Are the concepts of andragogy and pedagogy relevant to
veterinary undergraduate teaching? J Vet Med Educ. 2003 Fall;30(3):247-53.
121 TEDx Speaker Guide. [cited 2016; Available from:
http://storage.ted.com/tedx/manuals/tedxspeakerguide.pdf
122 Powell E, Woodfield LA, Nevill AM. Increasing physical activity levels in primary school
physical education: The SHARP Principles Model. Prev Med Rep. 2016 Jun;3:7-13.
123 Root H, Trojian T, Martinez J, Kraemer W, DiStefano LJ. Landing Technique and
Performance in Youth Athletes After a Single Injury-Prevention Program Session. J Athl Train.
2015 Nov;50(11):1149-57.

33

CHAPTER III: METHODS
Experimental Design
A randomized, controlled study design will be used to investigate: (1) knowledge, attitudes, and
behaviors of key stakeholders (league directors, coaches, parents) regarding PTPs immediately
following a workshop (2) key predictors of initial adoption of a PTP (3) influence of a PTP
workshop on compliance throughout the
season (4) impact of a PTP workshop on
athlete injury risk (5) knowledge, attitudes,
and behaviors of key stakeholders (league

LEAGUE 1

LEAGUE 2

Interdisciplinary Team
2 League Directors
10 Coaches
3 Parents

Interdisciplinary Team
2 League Directors
10 Coaches
3 Parents

Interdisciplinary Team
Takes Baseline
Assessment of PTP

Interdisciplinary Team
Takes Baseline
Assessment of PTP

directors, coaches, parents) regarding PTPs
immediately following a single season.

Participants and Procedures
We will recruit two youth soccer leagues in
Connecticut that differ in competition level

Basic PTP
Workshop
(Coaches n=10)

Tailored PTP
Workshop
(Coaches n=10)

(ex. town recreation, travel, or elite) to
participate during the Fall 2016 season.

Coaches Repeat Needs-Assessment Following Workshop

Leagues will be required to have at least 10
teams of athletes aged 8-14 years in order

Athlete PRE Injury Risk Screening and Physical Literacy
Assessment

to be included in this study. Research
Research Personnel Monitor Coaches’ Fidelity with PTP

personnel and the soccer leagues will
identify key stakeholders (league directors

Athlete POST Injury Risk Screening and Physical Literacy
Assessment

(n=2 per league), coaches (n=10 per
league), and parents (n=3 per league)).

Interdisciplinary Team Re-takes PTP Needs-Assessment
Figure 6: Flowchart of Study Components
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Coaches (n=20) will be stratified by the age group and sex of the team he or she coaches and
then randomized into one of two pre-season workshop groups: Basic or Tailored. Approximately
200 consented youth soccer athletes (n=100 females, n=100 males) between the ages 8-14 on
teams of coaches who attend one of the workshops will complete a 10-15 minute assessment
directly at their sport setting prior to the start of practice during the first week of the season
(PRE) and again during the last week of the season (POST). The assessment will include an
injury risk assessment (Landing Error Scoring System (LESS)) and a physical literacy battery
(Figure 6).

Throughout the season, research assistants will oversee team compliance once every 1-2
weeks at the beginning of the team’s practice in order to monitor initial adoption (within the first
2 weeks of the season), compliance, and fidelity with the prescribed PTP.

Outcome Variables
Knowledge, Attitudes, and Behaviors
Within each league, coaches will complete a baseline needs-assessment. This needsassessment will be mixed-model of open-ended and Likert scale questions to assess behavioral
determinants including attitudes, subjective norms, perceived behavioral control, intent, and
perceived barriers and facilitators. This assessment will drive the design of the educational
workshops.

Injury Risk: Landing Error Scoring System
Participants’ injury risk will be evaluated during a standardized jump-landing test. Participants
will jump from a 30-cm high box to a distance of 50% of their height away from the box, down to
the ground, and immediately rebound for a maximal vertical jump on the landing. Subjects will
not receive feedback or coaching on jump technique. Subjects will be given as many practice
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trials as needed to perform the task
successfully. A successful jump is
characterized as: (1) jumping off of the
box with both feet at the same time (2)
jump forward and down as opposed to
up and forward off the box (3) landing

Figure 7: Jump Landing Task

with both feet in the marked off area (4) completing the task in a fluid motion.

Jump trials will be recorded from the front and side of the subject using a two standard digital
cameras. The LESS is a valid and reliable clincial movement assessment used to identify highrisk movement patterns during a jump-landing task.(1, 2) LESS scores are based on observable
jump-landing errors and can be utilized in a field setting, where a greater number of movement
errors and a higher score is indiciative of a higher risk of sustaining a lower extremity injury. A
prospective study with 761 youth soccer athletes evaluated the predictive value of the LESS on
ACL injury.(1)

Workshop
Coaches will be randomized into one of two workshop groups: Genearlized or Tailored. Both
Generalized and Tailored workshops will last approximately 60-minutes. Online resources with
interactive video tutorials demonstrating each exercise will be available to all coaches
regardless of group. The video tutorials will include real-time demonstration, examples of good
and bad form, guided instruction indicating where the coach should focus corrections during
each exercise, and end with knowledge quizzes to ensure learning. Printable resources with the
PTP in detailed and abbreviated format will be made available. Materials emphasizing the
effectiveness of PTP implementation will also be available with links to more detailed
information for interested users.
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Coaches will repeat the needs-assessment on PTP following either workshop to evaluate the
immediate impact of the workshop on behavioral determinants and intent to implement the PTP.

Generalized Workshop Group: The Generalized workshop will be a standard training
workshop that addresses common implementation barriers for the coaching population in
general. The Basic Workshop will consist of: (1) education regarding pertinent PTP information,
such as PTP effect on injury risk, performance, and long term consequences of injury (2) handson training on implementing a 10-minute exercise-based PTP as a team warm-up, including
peer-to-peer demonstration and skills practice and (3) a question and answer session to
address concerns or questions.

Tailored Workshop Group: The Tailored Workshop would use information garnered from a
needs-assessment to establish priorities and streamline education to focus on specific
components of interest.

Data Reduction and Analyses
Knowledge, Attitudes, and Behaviors
Likert scale questions from the Knowledge, Attitudes, and Behaviors questionnaires will be
coded and analyzed using quantitative analysis methods. Open-ended questions will be read by
two separate implementation experts and triangulated for themes. Descriptive analyses will
determine common behavioral determinants and perceived barriers and facilitators to drive
workshop design.

Injury Risk: Landing Error Scoring System
LESS change scores will be calculated (PRE – POST). A between-subject ANOVA will evaluate
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changes in injury risk between workshops (Tailored, Generalized)(α<0.05).

We conservatively assume pre-season and post-season complete data on 80% of participants.
Based on our published data on LESS score changes after a soccer injury prevention program,
we expect a change between 0.98 – 1.76 with a standard deviation of 1.3 for our injury risk
outcome measure.(2)
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Survey Instrument for Knowledge, Attitudes, and Behaviors

DEMOGRAPHIC AND COACHING INFORMATION
Age:

☐ 18-24

☐ 25-30

I identify As: ☐ Male

☐ Female

☐ 31-35
☐

☐ 36+

____________ (Fill In)

☐

Prefer Not to Disclose

1. How many years have you COACHED soccer? _______
2. Please list any coaching certification/licenses you currently hold and the organization granting this
certification/license:
Certification/License

Organization

3. How many years, if any, did you/ have you PLAYED soccer? ________
4. Have you ever had an injury that caused you to miss soccer training or matches while PLAYING?
Yes ☐

No ☐

5. While playing a sport, have you ever torn or sprained your anterior cruciate ligament (ACL)?
Yes ☐

No ☐

6. While playing a sport, have you ever torn or sprained any knee ligaments besides the ACL?
Yes ☐

No ☐

7. Have you ever injured a non-ligament structure associated with the knee (e.g. cartilage, meniscus, etc.)?
Yes ☐

No ☐

8. While playing a sport, have you ever sprained either ankle that caused you to miss more than 1 day of
physical activity?
Yes ☐

No ☐

9. Have you ever undergone rehabilitation as a result of injury?
Yes ☐

No ☐

a. If yes, how long was your rehabilitation? _____________
10. Have you ever personally performed/participated in ACL/Lower Extremity preventive training program
while playing soccer?
Yes ☐

No ☐
41

CURRENT TEAM INFORMATION
11. What sex/age group do you currently coach or have you most recently coached?
U8 Girls
U9 Girls
U10 Girls
U11Girls
U12Girls
U13Girls
☐

☐
U8 Boys

☐
U9 Boys

☐
U10 Boys

☐
U11 Boys

U14Girls

☐
U12 Boys

☐
U13 Boys

☐
☐
☐
☐
☐
☐
Other (Please list sex and age group): _________________________________

U14Boys
☐

12. Have you ever required your soccer team to perform an ACL/Lower Extremity injury prevention program?
Yes ☐

No ☐

a. If YES: What programs have you used? (name or describe):

PREVENTIVE TRAINING PROGRAMS
13. Please mark the box that best represents how you feel about each of the following statements:
Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

Lower extremity injuries are not a problem for my team.

☐

☐

☐

☐

☐

It is important for coaches to have current knowledge
of lower extremity injury prevention strategies.

☐

☐

☐

☐

☐

Attitudes toward Preventive Training Programs
Training/practice sessions are important for improving
performance.
Lower extremity injury prevention is important in training
sessions.
It is important for players to attend training/practice if
they want to play in games.
I am comfortable with my team doing an ACL IPP daily
at the beginning of practice.
I feel ACL IPPs can effectively substitute for my team’s
warm-up.
I can change my team’s landing and cutting technique by
teaching them an ACL IPP.
My team will have improved agility after completing an
ACL IPP.
My team will sustain fewer injuries after completing an
ACL IPP.
Injuries are an unavoidable part of the game at the level
I coach.
Lower extremity injuries negatively influence game
performance and end of season results.
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It is important for players to have current knowledge of
lower extremity injury prevention strategies.
I would implement specific training if it was proven to
prevent lower extremity injuries.
I would implement specific training if it was proven to
improve player performance.
I would implement specific training if it was proven to
improve player performance and prevent lower extremity
injuries.
Attitudes Toward Potential Barriers
My team’s practices are not long enough to devote
time to an injury prevention program.
There is no training available to teach me how to
implement a program.
The activities included in these programs are not
relevant or beneficial to my athletes.
I already have my athletes perform the same types
of activities that are included in these programs.
I do not believe that using an injury prevention
program will actually reduce the number of injuries
on my team.
It is the responsibility of the sports medicine staff to
implement injury prevention programs.
I do not want to change the warm-up and practice
activities that I am currently using.
My student-athletes do not want to complete these
types of injury prevention programs.
I do not have anyone with appropriate skills and
knowledge to assist me to implement an injury
Subjective
Norms
prevention
program.

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

Strongly
Disagree

Disagree

Neither Agree
nor Disagree

Agree

Strongly
Agree

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

Strongly
Disagree

Disagree

Neither Agree
nor Disagree

Agree

Strongly
Agree

If I implemented an ACL IPP for my team, my team
would feel comfortable with me leading it.

☐

☐

☐

☐

☐

Perceived Behavioral Control

Strongly
Disagree

Disagree

Neither Agree
nor Disagree

Agree

Strongly
Agree

If I implemented an ACL IPP for my team, I would
feel comfortable leading it if I was provided
instructions.

☐

☐

☐

☐

☐

If I implemented an ACL IPP for my team, I would
need help from experts in order to lead the program.

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

If I implemented an ACL IPP for my team, I would
feel comfortable leading it if I went through training.
I am comfortable teaching my soccer team to change
direction safely while playing soccer.
I am comfortable teaching my team to land safely
from a jump.
I am comfortable teaching my team an ACL IPP.
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I have enough knowledge to lead the injury prevention
program.
I have enough experience to lead the injury prevention
program.

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

I am prepared to lead the injury prevention program.

☐

☐

☐

☐

☐

Behavioral Intention

Strongly
Disagree

Disagree

Neither Agree
nor Disagree

Agree

Strongly
Agree

I plan to implement an ACL IPP with my soccer team
next season.

☐

☐

☐

☐

☐

I would be willing to have my team perform an ACL
IPP if the program required 10 min of practice time.

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

I would be willing to have my team perform an ACL
IPP if the program required 15 min of practice time.
I would be willing to have my team perform an ACL
IPP if the program required 20 min of practice time.
I would be willing to have my team perform an ACL
IPP if the program required 30 min of practice time.
I would be willing to have my team perform a lower
extremity injury prevention warm-up program if I could
lead the program.
I would be willing to have my team perform a lower
extremity injury prevention warm-up program if a player
could lead the program.
I would be willing to have my team perform a lower
extremity injury prevention warm-up program if an athletic
trainer could lead the program.
I would be willing to have my team perform a lower
extremity injury prevention warm-up program if the
program included ball exercises.
I would be willing to have my team perform a lower
extremity injury prevention warm-up program if other
teams in my league/club were also doing the program.
I would be willing to have my team perform a lower
extremity injury prevention warm-up program if my team
was the only team in my league/club doing the
program.

14. On a scale of 1-10, with 1 being “not likely at all” and 10 being “completely likely”, how likely are you to
implement a preventive training program this season.

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

1
2
3
4
5
6
7
8
9
10
Not likely at all > Slightly Likely > Moderately Likely > Very Likely > Completely Likely
15. What would need to happen for your likelihood of implementing a preventive training program to increase
one degree? (For example: If your level response for Question 14 as a “6” – what would it take for you to feel
like you were a “7”?)

________________________________________________________________________________________
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MANUSCRIPT 1: The Effect of a Tailored Educational Workshop on
Youth Coaches’ Attitudes, Knowledge, and Behaviors Regarding
Preventive Training Programs

ABSTRACT
Objectives: Evaluate differences between a Tailored coaches’ education workshop on coaches’ attitudes,
subjective norms, perceived behavioral control, and behavioral intention to adopt a preventive training program
compared to a Generalized workshop. A secondary purpose was to determine how coach perceptions of
facilitators and barriers to preventive training programs change following an education workshop and a single
sport season.
Design: Cluster-randomized control trial.
Methods: Mixed methods approach. Youth soccer and basketball coaches volunteered to participate. Coaches
were randomized by league into a Tailored or General workshop. Pre-workshop surveys were used to prioritize
content of the Tailored workshop. Generalized workshops followed standardized content. We evaluated
coaches’ attitudes, subjective norms, perceived behavior control, and behavioral intention to adopt a PTP
using a pre- and post-workshop survey consisting of Likert-scale and open-ended questions.
Results: There were no significant differences between workshop groups on attitudes, subjective norms,
perceived behavioral control, or behavioral intention to adopt. Following a workshop, coaches increased in
reported having enough knowledge and enough experience to implement a preventive training program. Openended responses indicated that at post-workshop, coaches wanted more time to refine implementation skills
and also wanted some level of flexibility with exercise choices. Coaches wanted shorter programs (<10
minutes) but also wanted to incorporate more ball skills and sport-specific drills.
Conclusions: A generalized workshop design was as effective as a tailored workshop in increasing some
aspect of coach injury prevention behavior.
Word Count: 231 / 250 words
Keywords: Injury Prevention; Athletes; Education; Adolescent; Sports
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INTRODUCTION
Lower extremity sport-related injuries have short- and long-term health consequences. For example, anterior
cruciate ligament (ACL) injuries can lead to time loss from sport, increased risk of subsequent injury, and early
onset of knee osteoarthritis (OA).(1, 2) Athletes are at an increased risk of ACL injury between the ages of 14
and 25.(1, 3) Injury prevention efforts should target youth athletes prior to this high-risk age range in order to
prevent primary injury and the negative sequelae.

Preventive training programs (PTPs) that focus on improving neuromuscular control and are used as a
dynamic warm-up can reduce lower extremity injury rates by 65-85%.(4-6) However, injury reduction with PTPs
is dependent on the level of compliance and fidelity of the program implementation.(7, 8) For youth athletes,
coaches represent the best option for consistent, long-term delivery of PTPs and coach-administered PTPs
have been shown to effectively reduce injury risk(9) and injury rate(10) in high school and youth sport. Despite
strong evidence that PTPs can reduce injuries, as well as improve performance in youth athletes,(11-13)
fewer than 20% of youth coaches implement PTPs.(14-16) Particularly at the community level, coaches are
frequently volunteer parents and have a wide variety of sport knowledge and experience. Given the challenge
of promoting PTP implementation in this particular coach population, there is a need to improve training to
efficiently educate and motivate coaches to use PTPs. Previous work with coach education demonstrates that
intention to adopt can be improved through educational workshops but this change in intention does not
necessarily translate into actual behavior of implementation and compliance with PTPs.(17) Future
dissemination strategies may be more effective if organization administration is involved and the needs of the
coaches are considered in educational efforts.

While current PTP research is largely nonspecific about the exact components of an educational workshop,
studies(17-19) suggest the following objectives: review PTP effectiveness evidence, describe the relationship
between PTPs and existing organizational goals, provide practical methods for PTP implementation, and
improve self-efficacy through hands-on practice and expert feedback. Interventions with content tailored to an
individual’s needs, beliefs, and characteristics may be more personally relevant and motivating to promote
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health behavior.(20-22) A tailored approach would conduct a needs-assessment to determine which
information would be most motivating for each person within a specific population of coaches being trained, for
instance a single soccer league, and then design the educational training based on the findings.(23) While this
may seem unrealistic for widespread dissemination, growth in automated algorithms and technology may help
to streamline this process in the future. This approach has been successfully utilized in health and wellness
strategies as well as in medical school curricula.(23, 24) However, in order to disseminate knowledge to the
widest audience of youth coaches more frequently, a generalized workshop may be a more relevant and
efficient implementation strategy. To our knowledge, no study has evaluated the impact of a tailored workshop
strategy compared to a generalized workshop on PTP behavioral drivers.

Overall, this study sought to examine the knowledge and attitudes related to preventive training programs in
coaches of youth soccer or basketball athletes. The primary purpose was to evaluate the differences between
a Generalized coaches’ education workshop and a tailored coaches’ education workshop on coaches’
attitudes, subjective norms, perceived behavioral control, and behavioral intention to adopt a PTP. . A
secondary purpose was to determine how coach perceptions of facilitators and barriers to PTP change
following: (1) an education workshop and (2) a single sport season. The following open-ended research
questions guided the secondary purpose:

•

What resource(s) would you need in order to implement training preparation for sport this season?

•

What is/are your biggest motivating factor(s) for implementing PTP with your team?

•

If you implemented PTP this season, what types of difficulties did you encounter?

•

If you did not implement PTP this season, why not?

We hypothesized that a tailored coaches’ workshop would result in a greater degree of change in coaches’
attitudes, subjective norms, perceived behavioral control, and behavioral intention to adopt a PTP, compared
to a generalized workshop, but that a generalized workshop would still result in positive changes. We took an
inductive approach to the open-ended questions and thereby did not have hypotheses prior to data collection.
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METHODS
Youth soccer and basketball organizations with athletes
between the ages of 8-14 years and within 50 miles of the

Youth Soccer and Basketball
Organizations contacted via email
(n=69)

university were contacted via email (n=69 organizations) to
participate in our study. Organization administrators who replied
with interest met with research personnel for a primary meeting
to discuss mutual goals, planning logistics and to schedule the

12 organizations
(Soccer: n=7; Basketball: n=5)
consented to participate

coaches’ educational workshop. A total number of 12
organizations (Soccer: 7 organizations, n=44 coaches;
Basketball: 5 organizations, n=14 coaches) consented to
participate in this study. Approval for this study was completed

Coaches given pre-workshop
questionnaire (PRE) (n=56)

by the University’s Institutional Review Board.

Previous approaches to coach education have been targeted in
nature, focusing on general behavior determinants found to be
relevant for typical coaches. However, coach populations can

TAILORED
WORKSHOP

GENERALIZED
WORKSHOP

6 Organizations
(Soccer: n=3;
Basketball: n=3)

6 Organizations
(Soccer: n=4;
Basketball: n=2)

vary tremendously, from coaching experience, parental status,
what age and competition level the person is coaching, etc. All
of these factors can impact a coaches’ level of buy-in and

Coaches completed post-workshop
questionnaire (POST-W) (n=30)

thereby the effectiveness of the workshop to change PTP
implementation behaviors. A tailored approach to pre-season
education workshops may be more effective to improve

Sport Season (~8-12 weeks)

coaches’ knowledge, attitudes, and behaviors regarding PTP
implementation.
Coaches given post-season
questionnaire (POST-S) (n=15)
Organizations were randomized into one of two pre-season
workshop groups: Generalized or Tailored so that all coaches

Figure 1: Flowchart of Study Procedures
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within a given organization received the same workshop education strategy. Research assistants were
assigned to a type of workshop (Tailored: (LD, SS); General: (EB, JB)) and trained on administering an
educational workshop that followed their assigned strategy. To ensure that the specific education strategy was
employed at each workshop, an independent researcher (HR) attended all workshops but did not serve as the
primary educator in an effort to prevent cross contamination or bias.

One educational workshop was implemented per organization. Both Tailored and Generalized workshops
lasted between 45-70 minutes depending on the number of coaches in attendance and availability of time. For
instance, some organizations chose to include the educational workshop as a component of an existing
coaches’ meeting or equipment day, which limited time to conduct the workshop. Other organizations chose to
conduct the workshop on an independent day to allow for more time for questions and practice.

The research team created a 10-minute PTP, which was utilized for training purposes. The PTP contained
flexibility, agility, core, strength, balance, and plyometric exercises and was based off of previous PTPs that
have reduced injury risk and improved performance in youth athletes (DiStefano). The same PTP was
discussed during both workshop designs. However, research assistants made specific mention that there were
multiple options for PTPs, such as the F11+, but that we would be going through a standard warm-up of our
research team’s design. Each workshop emphasized key components of PTPs that would be important to
include (i.e. agility, balance, etc.).

The Generalized workshop was a standard training workshop that addressed common implementation barriers
for the coaches in general. The Generalized Workshop consisted of: (1) education regarding PTP effect on
injury risk/rate, performance, and long term consequences of injury (2) hands-on training on implementing a
10-minute exercise-based PTP as a team warm-up, including peer-to-peer demonstration and skills practice
and (3) a question and answer session to address concerns or questions.
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The Tailored Workshop used information garnered from a pre-workshop quesitonnaire to establish priorities
and streamline education to focus on specific components of interest. While the TAIL workshop also contained
an educational portion, as well as hands on demonstration, the educational portion was geared to the specific
interests and questions vocalized by the coaches in attendance. If the organization completed pre-workshop
questionnaires prior to the workshop, the responses were reviewed by research staff and strengths,
weaknesses, and questions that appeared in at least 50% of the participants were pulled as focus areas for the
workshop. If the organization was unable to complete pre-workshop questionnaires prior to the day of the
workshop, questionnaires were completed day-of, prior to the start of the workshop. The research assistant
leading the workshop then took a few minutes in the beginning to verbally discuss with the coaches which
elements of the preventive training program were most important to them (injury prevention, sport
performance, etc.) and what the coaches perceived to be their biggest barriers (time, understanding, hands on
training, etc.). The research assistant then focused the content of the workshop toward those elements.

Online resources with interactive video tutorials demonstrating each exercise were available to all coaches
following the workshop regardless of group (http://trainingpreparationforsport.weebly.com). The online
resource contained video demonstrations, examples of good and bad form, cues for exercises, and
downloadable hand-outs of the PTP and educational materials.

The PRE and POST-W questionnaires were a mixed-model of open-ended and Likert scale questions to
assess behavioral determinants including attitudes, subjective norms, perceived behavioral control, intent to
adopt a PTP, and perceived barriers and facilitators.

Open-ended questions were first administered to content experts and qualitative researchers who verified
content of the questions. The Likert scale questions were previously utilized in a
study examining coach behavioral drivers for PTP implementation (Frank). Pilot testers then took the complete
questionnaire to provide feedback. Questions that were unclear were
reworded or removed from the questionnaire.
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Workshop Duration

Tailored
45-70 minutes

Lecture Component:
Creating a shared
understanding of PTP

Driven by pre-workshop
questionnaire responses and
the acute questions/concerns
of the coaches in attendance
of the workshop

Hands-On Training:
Demonstration, Practice,
and Expert Feedback

How to implement a
predesigned 10-min PTP

General
45-70 minutes
Pre-written education flow
based on previous literature on
PTP workshops. Education
included: what is a PTP,
effectiveness of PTP on injury
risk, injury rate, and
performance
How to implement a
predesigned 10-min PTP

Table 1: Characteristic Differences Between Tailored and General Workshops

All coaches were asked to complete the pre-workshop questionnaire (PRE) prior the workshop. For
organizations assigned to TAIL, coach responses were reviewed to identify both assets and weaknesses
regarding PTP knowledge and implementation to drive the workshop design. Post-workshop questionnaires
(POST-W) were administered after the workshop. PRE and POST-W questionnaires were identical.

At the end of the season, post-season questionnaires (POST-S) were given to coaches to assess if the coach
implemented the PTP throughout the season and, if so, how frequently and what exercises. If the coach did not
implement a PTP during the season we evaluated what barriers influenced the coaches’ behavior through
open-ended questions.

Likert scale data were pre-coded and entered into a Microsoft Excel spreadsheet (Microsoft Office 2011 for
Macintosh, Microsoft, Inc.) Survey data were analyzed using SPSS version 21.0 for Macintosh (IBM
Corporation). Survey data were not normally distributed. To evaluate group differences between workshops
(Tailored, General) on the coach behavioral determinants Likert scale questions we used a non-parametric
Mann-Whitney U test with an a priori alpha level of P<0.05. If there are no group differences between coach
behavioral determinants we will collapse Tailored and General groups and perform Wilcox-Sign Rank Tests to
evaluate overall group changes regardless of education strategy with an a priori alpha level of P<0.05.
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To evaluate if there were differences between workshops (Tailored, General) on coach PTP implementation
(Yes/No from POST-S), we ran a chi-square analysis with an a priori alpha level of P<0.05. To assess if there
were group differences between coach PTP implementation (Yes/No from POST-S) and length of workshop
we ran a one-way ANOVA group (Yes/No PTP implementation) by workshop time (in minutes) with an a priori
alpha level of P<0.05.

To determine how coach perceptions of facilitators and barriers to TPS changed following an educational
workshop and after a single sport season, we identified dominant themes from our open-ended responses. We
employed a general inductive process and multiple-analyst triangulation for data credibility. All open-ended
responses were entered into a Microsoft Excel spreadsheet. Two researchers (HR, JB) independently read
through all open-ended responses in their entirety. After multiple readings of the responses, the researchers
identified key phrases. Key phrases were coded and clustered into themes. For a theme to be established, key
phrases had to be cited by at least 50% of the study’s participants. The two researchers met and came to a
consensus on themes, meaning an agreement of the label assigned and the supportive data from the
responses. If there was a discrepancy between researchers on a key phrase or theme, a third researcher (SM)
served as an objective deciding vote. General descriptives were calculated for each theme.
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RESULTS
There were no significant differences between workshop type (Tailored, General) on Likert scale questions
from PRE to POST (P>0.05) so coaches were collapsed into a single group to evaluate the overall effects of
any educational workshop on coach behavioral drivers. Coach demographics are displayed in Table 2. There
were no significant differences between workshop type (Tailored, General) and coach demographics (P>0.05).
There were no significant differences between workshop group (Tailored, General) on self-reported PTP
implementation (Yes/NO) from the POST-S.
Workshop Group
Tailored
n=26 coaches

Previous Experience
implementing a PTP?

General
n=31 coaches

Soccer
n=21
Male
Female
n=18
n=3

Basketball
n=5
Male
Female
n=4
n=1

Soccer
n=23
Male
Female
n=21
n=2

Basketball
n=8
Male Female
n=7
n=1

Yes

n=3

n=0

n=3

n=0

n=5

n=0

n=1

n=0

No

n=15

n=3

n=1

n=1

n=16

n=2

n=6

n=1

5±5

3±3

6±8

4±0

2±3

4±0

5±8

8±0

15.65±
13.70

10.0±
8.0

25.33±
23.59

12.0±0

11.76±
11.04

11.50±
4.95

15.0±
11.1

30.0±
0

Years of coaching
experience?
(mean±SD)
Years of playing
experience?
(mean±SD)
Table 2: Coach Demographics

Regardless of education strategy, at POST-W, coaches’ perceived behavioral control increased, as coaches
more strongly agreed that they were comfortable teaching their team a PTP (Z=-2.45, P=0.01). Additionally,
following the workshop, coaches reported that they had enough knowledge to lead a PTP (Z=-4.19, P=0.10),
had enough experience to lead a PTP (Z=-3.96, P<0.01), and were prepared to lead a PTP (Z=-3.79, P<0.01).
The frequencies of PRE and POST-W survey responses are reported in Tables 3a – 3d (Full merged table in
Appendices).

From the post-workshop questionnaire, a few key themes emerged per question (Table 3). When asked what
resources the coach would need to implement PTP this season coaches reported: (1) knowledge and skill
refinement and (2) program flexibility and implementation changes. The coaches stated that the biggest
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motivating factor(s) for utilizing PTP were: (1) Injury Prevention/Player Safety and (2) Player Performance
Benefit.

Table 3a: Pre and Post Likert Scale Questions – “Attitudes”

Table 3b: Pre and Post Likert Scale Questions – “Subjective Norms”

Table 3c: Pre and Post Likert Scale Questions – “Perceived Behavioral Control”
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Table 3d: Pre and Post Likert Scale Questions – “Behavioral Intention”

We also asked coaches if there was anything else we should know regarding their views on PTP and coach
education. Coaches reported on: (1) training priorities, where PTPs were not a current priority for the coaches’
team or the league overall and (2) the worth of the intervention, where coaches viewed PTPs as a valuable
component of training regardless of age group being coached.

For the post-season questionnaire, a few additional key themes emerged from the questions (Table 4a-4e).
We asked coaches what types of difficulties, if any, they encountered and coaches reported: (1) athlete buy-in
and (2) teaching proper technique. We also asked for suggestions for future workshops to which coaches
suggested: (1) Additional physical help, where coaches wanted more time spent on demonstrations or in-
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person practice and (2) Reference materials, where coaches wanted resource materials to reference
independently.

Theme

Knowledge and
Skill
Refinement

Program
Flexibility and
Implementation
Changes

Operational
Definition

% of
Responders
Within This
Theme

# of People /
Total # of
Responders

Supportive Quotes
“More confidence / mechanical
understanding of the techniques.”

Additional
practice,
specific
knowledge, or
reference
materials.

52.4%

Flexibility with
the program
duration, types
of exercises
included, and
implementation
guidance.

52.4%

11 / 21

11 / 21

“It would take repetition to help me
feel comfortable doing it.”
“I would need to review online
materials prior to implementing
TPS.”
“The time potential required is
expensive to expend with limited
training time. Best to blend TPS
with “real-play” exercises to
maximize foot skills and passing,
dribbling, etc.”
“More exercises with the ball and/or
shorter warm-up duration.”

Table 4a: Open Response (POST-W), “What resources would you need to implement a preventive training
program this season?”

% of Responders
Within This Theme
(# of People /
Total # of
Responders)

Theme

Operational
Definition

Injury
Prevention /
Player Safety

Reducing
player injuries
and/or
increasing
player safety.

92.9%
(26 / 28)

Improving
aspects of
athlete
performance

50%
(14 / 28)

Player
Performance
Benefit

Supportive Quotes

“Teaching girls which are much more prone to
ACL!!! Scary!!”
“Injury prevention”
“Safety and long term enjoyment of the sport
for my players.”
“Improving girls performance potential”
“Increase performance, teach healthy training”
“Athletic enhancement”

Table 4b: Open Response (POSTW), “What is/are your biggest motivating factor(s) to adopt/use a preventive
training program?”
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Theme

Operational
Definition

Training
Priorities

TPS is not a
current priority
for the
coaches’ team
or the league
overall.

Worthwhile
Intervention

TPS is a
valuable
component of
training
regardless of
age group.

% of
Responders
Within This
Theme
(# of People /
Total # of
Responders)

66.7%
(4 / 6)

Supportive Quotes

We haven’t had too many injuries at this point as
the boys are 10 and under.
Having youth teams stretch is not a big concern
for most coaches.
[I have] been using FIFA11+ for 3 years now. Start
training 15 minutes earlier to accommodate TPS
but not lose technical/tactical training time.

66.7%
(4/6)

It is a good habit to get the kids into.
Most club coaches move up with their teams.
They eventually should be in the position to use
stretching techniques.

Table 4c: Open Response (POST-W), “Is there anything else we should know about regarding your views on
training preparation for sport, coach education/training, etc.?”

Theme

Athlete Buy-In

Teaching
Proper
Technique

Operational
Definition

A coach’s
perception that
the team
exhibited a
lack of
compliance or
did not take
TPS seriously.
Difficulty
monitoring or
teaching
proper form to
maximize
exercise
fidelity.

% of
Responders
Within This
Theme
(# of People /
Total # of
Responders)

Supportive Quotes

Attention span of young players
50%
(5 / 10)

Getting the kids to take it seriously. They rush
through some of the motions.
Kids are kids, they rush while doing exercise, and
most of the time didn’t take it seriously.
Teaching a new skill set that the players are not
used to is a challenging task.

50%
(5 / 10)

Young boys sometimes don’t really care how true to
form they are doing things so I wonder if the
effectiveness was somewhat reduced by poor form.

Table 4d: Open Response (POST-S), “If you implemented a preventive training program this season, what
types of difficulties, if any, did you encounter?”
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Theme

Operational
Definition

Physical Help

More time
spent on
demonstrations
or in-person
help

Reference
Materials

Resource
materials to
reference
independently
at a later time

% of
Responders
Within This
Theme
(# of People /
Total # of
Responders)
87.5%
(7 / 8)

Supportive Quotes

Having a trainer come to a couple practices to
instruct the proper way could be beneficial for the
kids and the coach.

More info on stats etc. on how it helps with injury
resistance and player performance, and more info
on how to implement it as part of overall physical
periodization
62.5%
(5 / 8)

...If you could have a few players to demonstrate in
front of coaches they would take it a bit more
seriously.
I’d love to have the players involved in the training
getting the first hand knowledge too.

Table 4e: Open Responses (POST-S), “Do you have any suggestions for future workshops?”
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DISCUSSION
This study advances preventive training program implementation research by describing the effect of different
education workshop strategies on youth athlete coaches’ behavior determinants for PTP implementation, as
well as facilitators and barriers to implementation before and after a single sport season. The results of this
study suggest that a generalized workshop strategy may be just as effective as a tailored workshop to increase
coaches’ perceived behavioral control to implement PTP. This is important for widespread dissemination, as
standardized workshop content and online reference materials can be readily available, which could
exponentially improve the reach and buy-in of implementation intervention efforts.

Previous public health efforts to tailor messaging for skin cancer prevention behaviors in adults found that
personalized messaging was more effective at changing health behavior in general.20 This study found no
significant differences between workshop education strategies. However, we personalized messaging at the
organization level, not the individual level, and youth recreational leagues have a heterogeneous composition
of coaches’ demographics (age, experience levels, etc.) as well as motivational interests (Table 4a-4e).
Additionally, other tailored messaging strategies for health professionals have personalized curriculum over the
course of a given semester or year24 but our workshop was only 45-75 minutes in length, so the Tailored and
General workshops may not have been different enough to cause large group differences. The messaging may
not have been tailored enough to individuals to cause a difference between education strategies, or the
General workshop may have been sufficient to interest the largest amount of coaches. Overall these results
improve future PTP education dissemination for youth soccer and basketball coaches, because a succinct
generalizable workshop is just as effective as a personalized workshop. This means that a generalized
workshop could be distributed electronically to reach the largest amount of courses or a health care
professional, such as an athletic trainer, could implement a single workshop across multiple organizations. The
reach of implementation intervention efforts has the potentially to dramatically increase to a variety of
populations, sports, and areas of the country.
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Following either workshop (Tailored, General) coaches reported that they had enough knowledge and
experience to lead PTPs and reported feeling prepared to lead a PTP. At PRE, only 11.54% of coaches
reported Strongly Agree or Agree for the response, I have enough knowledge to lead a PTP, but POST, over
63.34% of coaches responded as either Strongly Agree or Agree. A similar trend was found for I have enough
experience to lead a PTP from PRE to POST-W. Most optimistically, for the prompt I plan to implement a PTP
this season, coaches jumped from 43.07% responding Strongly Agree or Agree at PRE to 76.66% at POST.
This is very promising for future implementation efforts, as this indicates that coaches left the pre-season
workshop with the intention to implement. However, Frank et al.17 found that coach intention to implement a
PTP did not lead to initial adoption in the first 2 weeks of the season. Future initiatives should investigate what
barriers may be contributing to this disconnect.

While coaches answered the Likert-scale questions indicating that they had enough knowledge and experience
to implement PTP, our open-ended analyses found that following the workshop coaches wanted additional
practice time or time to review resources (Table 4a-4e). Specifically, coaches wanted more repetitions
correcting form while youth athletes perform the exercises (Table 4a-4e). Previous research examining ways to
improve coaching education suggested the inclusion the coaches’ athletes as models for the warm-up during
the workshop.25 Within our study, two soccer organizations and one basketball organization specifically
requested to have athletes attend the workshop. However, youth recreational sports rely on volunteers for
coaches. Volunteer coach engagement was low prior to the season starting and it was challenging to find a
day when most coaches within an organization could attend the workshop. Therefore, it added an additional
scheduling complication to invite athletes. While three organizations within our study were able to have
athletes attend, this may not be feasible for all organizations. An alternative solution may be to have more
research assistants attend to serve as examples or to dedicate a larger proportion of the workshop to hands on
training and practice. In the military setting, online resources also contained multiple-choice video questions
where implementation leaders could test their knowledge on movement errors. This may be a more feasible
way to give coaches additional practice and it could be done on their own schedules at their own pace.
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Post-season surveys further indicated that coaches had perceived a lack of athlete buy-in and had difficulty
monitoring correct form during the warm-up throughout the season. This supports the POST-W results that
coaches needed more repetitions correcting athlete form. However, there is a balance between having a
thorough workshop that provides enough experience for coaches and having a efficient workshop that is short
enough to encourage attendance for this volunteer coach population. Our workshops were structured so that
the first half followed suggested formatting to create a shared understanding of PTPs among coaches within a
given organization – review PTP effectiveness evidence, describe relationship between PTPs and existing
organizational goals, and provide practical methods for PTP implementation.17,18 In a study by Frank et al.17
the workshop was lecture-based in nature due to time constraints and the study found that the workshop
increased behavioral intention to implement PTPs but that the intention did not necessarily translate into initial
adoption and compliance of PTPs. Perhaps the true self efficacy and behavior drivers lie in the hands-on
training and future workshops should look at concentrating time and efforts into the hands-on practice
components.

Previous research into coaches’ attitudes regarding PTPs found that coaches wanted more sport-specific drills
in the PTP, such as ball exercises,26,27 and that coaches did not see the relative advantage in performing a
PTP over other warm-up or training strategies.14 Similar to O’Brien et al.28, many of our coaches wanted to
modify the suggested program. Our coaches wanted to incorporate more sport-specific ball exercises and also
wanted a shorter program. This persistent desire for modification underscores the need to evaluate the
effectiveness of coach-approved PTPs on injury risk and sport performance. Similarly, while it was a small
subset of coaches, we found that 4 coaches reported that PTPs did not align with their training priorities, as the
coaches did not see injuries as a problem for their teams and did not want to spend the practice time
performing a PTP (Table 4a-4e). One league in particular suggested to coaches that athletes under the age of
11 did not need a warm-up and needed more time practicing ball touches. This is an example of a lack of
support or understanding from the top-down and served as a major barrier to implementation for teams within
that organization. Youth athletes may be the optimal target population for PTP interventions to improve
neuromuscular control and movement biomechanics prior to and throughout periods of maturation and growth,
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but coaches of youth athletes may not understand the relative advantage of using a PTP rather than warming
up exclusively with ball-handling drills. However, in another organization, one coach reported that it was
important to build the warm-up habit at younger ages because many coaches within his league moved up with
their teams (Table 4a-4e). Emphasizing to coaches the need to establish behavior change and create a
normative culture of PTP implementation earlier on, particularly coaches who may move up with their teams,
may increase buy-in and adoption of PTPs for younger age groups.

One major limitation of this study was the attrition rate for the questionnaires. Because the coaches were
volunteer in nature, the engagement and participation waned as the season progressed. Particularly at post
season, coaches became far less likely to respond to electronic correspondence and in-person check ins were
more burdensome as coaches wanted to spend as much daylight as possible with their teams. Future research
should look into a larger scale approach to the pre-season workshop to increase post-season participation, as
well as investigate workshop designs that have a larger focus on hands-on training.
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CONCLUSION
Our study supports that a generalized pre-season education workshop was as effective as a tailored preseason education workshop to increase youth athlete coaches’ perceived knowledge and feeling prepared to
implement a PTP during the season. We also described coach-perceived barriers and facilitators to PTP
implementation following an educational workshop and a single sport season. These results could increase the
reach of preventive training program implementation efforts by simplifying the education content and utilizing
web-based and electronic resources to disseminate knowledge, as well as addressing common barrier and
facilitator themes throughout the pre-season workshop.

PRACTICAL IMPLICATIONS
•

A tailored workshop that used a baseline needs-assessment to prioritize education content was just as
effective as a generalized workshop in increasing coaches’ knowledge and experience implementing a
preventive training program.

•

While coaches cited “injury prevention and player safety” as the primary motivating factor for attending
the pre-season workshop, some coaches stated that they perceived injuries were not a problem for
their teams. Therefore other motivating factors, such as performance enhancement or general athlete
development, may need to be emphasized throughout workshops.

•

Web-based resource materials, such as knowledge quizzes and video examples may further improve
coach confidence with implementing PTPs.
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MANUSCRIPT 2: Application of a Preventive Training Program
Implementation Framework to Youth Soccer and Basketball
Organizations
ABSTRACT
Objectives: The primary purpose of this study was to evaluate the application of one implementation
framework, the 7-Step framework in American youth soccer and basketball organizations.
Design: Descriptive.
Methods: Youth soccer and basketball organizations were contacted to participate in a pre-season coaches’
education workshop on implementing preventive training programs. We used the 7-Step framework to guide
implementation between all organizations. For each organization, we retrospectively evaluated level of
completion of Steps 1-5 within Padua’s 7-Step framework. Each step had an overall theme and was then
broken down into subcomponents.
Results: Sixty-two youth soccer (n=40) and basketball (n=22) organizations were invited to participate in the
larger study. Overall, twelve organizations completed all of Steps 1-4 and Step 5a – 5d. No organization
completed all components of Steps 1-5.
Conclusions: This study provides insight into the injury prevention dissemination and implementation
experience of different organizations in youth sport settings. The challenges we faced in the first steps
establishing administrative support and forming an interdisciplinary team mirror the body of knowledge’s
general lack of reporting information on the initial adoption of PTPs. In order to promote successful adoption
and implementation of PTPs, future research needs to clearly describe methodologies, as well as discuss
barriers and solutions to implementation efforts.
Word Count: 205 / 250 words
Keywords: Injury Prevention; Athletes; Education; Adolescent; Sports

67

INTRODUCTION
Lower extremity sport-related injuries, such as anterior cruciate ligament (ACL) tears, lead to short- and longterm health and financial consequences.1,2 Injury prevention efforts should be focused on youth athletes in
order to reduce primary injuries because previous injury history is the number one risk factor for sustaining an
injury.3 Fortunately, preventive training programs (PTPs) utilized as a warm-up prior to athletic activity that
incorporate balance, agility, flexibility, strengthening, and plyometric exercises, as well as focus on improving
neuromuscular control have been shown to reduce lower extremity musculoskeletal injury rates by 65-85%.4-6
Youth sport coaches represent the most viable long-term option for PTP delivery and coach-delivered PTPs
can effectively reduce injury rates for their athletes.7 However, injury rate and injury risk reduction are
dependent on PTP dosage and fidelity,8,9 and less than 20% of youth coaches utilize PTPs.10 Therefore,
there is a need to improve the dissemination of PTP information so that youth coaches willingly adopt and
implement PTPs.

Frameworks to guide PTP implementation and streamline reporting to improve replication and dissemination of
efforts have been proposed.11-13 One example, the Reach Efficacy Adoption Implementation Maintenance
Framework (RE-AIM) was designed to improve the application of health interventions in real-world contexts.14
Each of the 5 domains (Reach, Efficacy, Adoption, Implementation, and Maintenance) provides context to
consider when structuring implementation efforts. However, a review of the application of the RE-AIM
framework12 in PTP research found reporting gaps regarding adoption and maintenance of PTPs. A similar
look at Padua’s 7-Steps framework in youth sport interventions15 found that there was limited information
reported regarding obtaining administrative support, and utilizing an interdisciplinary team. In order to increase
translatability, implementation efforts need to clearly report methodologies, particularly with regard to initial
adoption.

Health behavior frameworks can improve the organization of implementation efforts and help to more
effectively disseminate strategies, but frameworks are theoretical in nature and youth sports are heterogenous
in athleticism, coaching experience, and other cultural factors. For example, recreational youth sport in the
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United States relies primarily on volunteer coaches and the barriers and facilitators of completing step-wise
implementation may vary considerably between organizations even within a specific age group and sport.
Recent studies investigating the characteristic differences between coaches who do and do not implement
PTPs found that coaches who utilized PTPs had more coaching experience16 and coaches who did not utilize
PTPs felt that PTPs did not align with their team needs and were difficult to implement.10 No study has looked
at how group characteristics of coaches within a given organization may impact the organization’s overall
participation with PTP implementation?

To our knowledge, no dissemination and implementation study has prospectively investigated the use of a
framework across multiple organizations. This is a novel approach to explore how a theoretical framework
translates into real-world settings. The primary purpose of this study was to evaluate the application of one
implementation framework, the 7-Step framework,17 in American youth soccer and basketball organizations.
We hypothesized that developing an interdisciplinary team (component within Padua Step 2) would be the
most challenging factor of Padua’s Steps 1-5 for leagues to complete. Evaluating the translation of a
framework to multiple organizations within the same age groups and sports will advance dissemination and
implementation efforts to expand the reach of interventions.
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METHODS
Youth soccer and basketball organizations with athletes between
the ages of 8-14 years and within 50 miles of the university were

Youth Soccer and Basketball
Organizations contacted via email
(n=69)

contacted via email (n=62 organizations) to participate in our study.
Organizations were offered a free pre-season coaches’ education
workshop on preventive training program strategies. Approval for

Coaches given pre-workshop
questionnaire (PRE) (n=56)

this study was completed by the University’s Institutional Review
Board.
Pre Season Workshop
Appraisal with the 7-Step model Dimension Items Checklist
Following the sport-season (10 ± 2 weeks), we utilized an
operationalized dichotomous (yes/no) screening checklist that was

Coaches completed post-workshop
questionnaire (POST-W) (n=30)

previously developed (Sport Health 2017) to evaluate completion of
each step in the Padua 7-Step framework. This review focused on
Steps 1-5 of the framework, as the larger study did not evaluate

Sport Season (~8-12 weeks)

PTP fidelity and thereby Steps 6 and 7 were ruled out.

The purpose of this screening was to reflect on and evaluate which
components of an implementation framework may be most

Coaches given post-season
questionnaire (POST-S) (n=15)

challenging or easy and why. Answering this big-picture question
will help to profile future dissemination and implementation
interventions for youth sport.

Retrospective Application of 7-Step
Framework for Each Organization
Figure 2: Flowchart of Study Procedures

Step 1: Establish Administrative Support
Sport organizations were invited via email to participate in a free, brief pre-season education workshop
delivered on site to their organization’s coaches as part of the larger study. If an organization did not respond
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to the initial email, the principle investigator (PI) sent follow-up emails at least two more times within a month of
the initial email, a maximum of one email per week.

If an organization responded to the research team’s communication efforts, the research team organized a
preliminary meeting between the PI and at least one organization liaison. The organization liaison could be any
league administrator, such as an Owner, President, Coaching Director, League Parent, etc. This varied based
on the hierarchical structure of the organization during pre-season. At this meeting, the PI and liaison
discussed: (1) what preventive training programs are and how PTPs compare to other warm-up strategies (2)
the benefit of preventive training programs to reduce injury risk, reduce injury rate, and improve sport
performance, specifically in a youth athlete population (2) the research study objectives and what procedures
the organization could expect throughout the season. A secondary objective of this meeting was to identify
potential dates to host the pre-season coaches’ education workshop on preventive training programs for the
respective organization.

Step 2: Develop an Interdisciplinary Team
If the organization volunteered to participate in the study, the PI worked with the organization to create an
interdisciplinary team. The interdisciplinary team was either the initial liaison or, following the meeting, some
organizations realized that there were other administrators within the organization who were better suited to
carry out the communication, such as an active parent volunteer or a team coach.

Step 3: Identify Barriers and Solutions
Logistical barriers and solutions were identified during the preliminary meeting or throughout subsequent
communication with the interdisciplinary team. These barriers included: number of coaches within the
organization, location and venue availability to host the education workshop, what day and how long the
workshop could feasibly be to promote coach attendance, etc. Once barriers were identified, the PI and
interdisciplinary team worked to solve the issues.
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Step 4: Develop an Evidence-Based PTP
The same preventive training program was taught during each and every organization’s workshop (Appendix
A). The PTP was developed based on efficacious warm-up strategies for youth soccer athletes.18-20

During the hands-on training portion of the pre-season workshop, the research team discussed ways to make
each exercise easier or more challenging. Coaches were asked to consider how the prescribed evidencebased PTP would work with their own teams and coaches encouraged to ask questions. Although the
education workshop reviewed a specific evidence-based PTP, researchers discussed with coaches that there
does not appear to be a one-size-fits-all or singular PTP that should be used. The workshop discussed the
principles behind neuromuscular control and quality of movement during exercise as a way to encourage
coaches to incorporate some PTP behaviors.

Step 5: Train the Trainers and Users
Coaches attended a 45-75 minute pre-season workshop on PTP implementation.

As part of the larger study, organizations were randomized into one of two pre-season educational workshop
strategies. The “Generalized” workshop was a standard training workshop that addressed common
implementation barriers for the coaches in general. The Generalized Workshop consisted of: (1) education
regarding PTP effect on injury risk/rate, performance, and long term consequences of injury (2) hands-on
training on implementing a 10-minute exercise-based PTP as a team warm-up, including peer-to-peer
demonstration and skills practice and (3) a question and answer session to address concerns or questions.

The “Tailored” Workshop used information garnered from a pre-workshop quesitonnaire to establish priorities
and streamline education to focus on specific components of interest. While the TAIL workshop also contained
an educational portion, as well as hands on demonstration, the educational portion was geared to the specific
interests and questions vocalized by the coaches in attendance. If the organization completed pre-workshop
questionnaires prior to the workshop, the responses were reviewed by research staff and strengths,
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weaknesses, and questions that appeared in at least 50% of the participants were pulled as focus areas for the
workshop. If the organization was unable to complete pre-workshop questionnaires prior to the day of the
workshop, questionnaires were completed day-of, prior to the start of the workshop. The research assistant
leading the workshop then took a few minutes in the beginning to verbally discuss with the coaches which
elements of the preventive training program were most important to them (injury prevention, sport
performance, etc.) and what the coaches perceived to be their biggest barriers (time, understanding, hands on
training, etc.). The research assistant then focused the content of the workshop toward those elements.

The goal of the larger study was to examine the knowledge and attitudes related to preventive training
programs in coaches of youth soccer or basketball athletes (Root 2017). Coaches completed a pre-workshop
(PRE-Q) and identical post-workshop (POST-W) questionnaire, as well as a post-season (POST-S)
questionnaire (Appendix B). The questionnaires were a mixed-model of open-ended and Likert scale
questions to assess behavioral determinants including attitudes, subjective norms, perceived behavioral
control, intent to adopt a PTP, and perceived barriers and facilitators (Root 2017).

At the end of the season, post-season questionnaires (POST-S) were given to coaches to assess if the coach
implemented the PTP throughout the season and, if so, how frequently and what exercises. If the coach did not
implement a PTP during the season we evaluated what barriers influenced the coaches’ behavior through
open-ended questions.

Step 6: PTP Fidelity Control and Step 7: Exit Strategy
Step 6 and Step 7 did not align with the objectives of the larger initative (Root 2017) and were therefore not
evaluated within this study.

Data Analyses
One researcher (HJR) evaluated each of the steps for the 62 organizations and corroborated results with a
second researcher (LJD).The principle investigator (HR) also conducted an observation evaluation to classify
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different characteristics of organization implementation. Questions used to drive descriptions included: (1) Who
were the key stakeholders for each organization? (2) What role did that stakeholder play in the organization?
(3) What kinds of implementation problems were encountered throughout the study? (4) If applicable, how
were those problems resolved? (5) What kinds of implementation successes were encountered throughout the
study? (5) How can those successes be used to inform future dissemination efforts? Frequencies were
calculated to evaluate the application of Padua’s 7-Steps between different youth sport organizations.
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RESULTS
Sixty-two youth soccer (n=40) and basketball (n=22) organizations were invited to participate in the larger
study (Root 2017). For each organization, we retrospectively evaluated level of completion of Steps 1-5 within
Padua’s 7-Step framework (Figure 2)(Table1).

Figure 3: Percentage of Organizations that Successfully Completed Each Implementation Subcomponent

Each step had an overall theme and was then broken down into subcomponents (Table 1). Overall, twelve
organizations completed all of Steps 1-4 and Step 5a – 5d. No organization completed all components of Steps
1-5.

Implementation Step

# of Organizations
that Completed:
n of yes / total (%)

Step 1. Establish Administrative Support
1a. Did the research team explain the negative outcomes of injury? (lack of athlete
availability, decreased athletic performance, long-term disability, high re-injury risk)
1b. Did the research team explain the positive outcomes of
injury prevention programming?
(reduce injury risk, enhance athletic performance increase athlete availability)
1c. Did the research team formally receive permission from the organization to
implement the preventative training program?

28 / 61
(45.9%)
28 / 61
(45.9%)
21 / 61
(34.4%)

Step 2. Develop an Interdisciplinary Team
2a. Did the research team involve key stakeholders (coaches, organizational
administrators, parents, athletes, sports medicine staff) in the design of the PTP?

18 / 61
(29.5%)
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2b. Did the research team involve key stakeholders (coaches, organizational
administrators, parents, athletes, sports medicine staff) in the implementation plan
of the PTP?
Step 3. Identify Barriers & Solutions
3a. Were logistical (organizational infrastructure, locations, resource availability,
capacity) barriers and solutions identified?

18 / 61
(29.5%)

18 / 61
(29.5%)

3c. Were the organization's personnel (number of staff available, staff's
background / professional education) barriers and solutions identified?

18 / 61
(29.5%)
18 / 61
(29.5%)

3d. Were environmental (training locations, surfaces, equipment availability)
barriers and solutions identified?

18 / 61
(29.5%)

3b. Were time (program & session duration) barriers and solutions identified?

Step 4. Develop an Evidence-Based Preventive Training Program
4a. Is the program evidence-based?
4b. Is the program solutions oriented? (i.e. improve biomechanics, enhance
performance, provide warm up, decrease muscle soreness)
4c. Is the program scalable? (i.e. Do all components of the program need to be
executed in order for it to be effective? Is program effectiveness maintained if
intervention is adapted to meet the needs of the target population?)

18 / 61
(29.5%)
18 / 61
(29.5%)
18 / 61
(29.5%)

Step 5. Train the Trainers & Users
5a. Was the effectiveness of the preventative training program
explained to the trainers & users?
5b. Was the injury prevention program aligned with organizational goals (player
safety, reduce organization injury rates, enhance athlete athletic performance)?

12 / 61
(19.7%)
12 / 61
(19.7%)

5c. Were trainers' & users' knowledge, attitudes, and beliefs regarding
injury prevention evaluated?

12 / 61
(19.7%)

5d. Were trainers & users self-efficacy assessed and addressed? (i.e. trainers and
users believe they are able to effectively teach and deliver the PTP)

12 / 61
(19.7%)

5e. Were trainers & users provided with regular feedback on their delivery and
execution of the preventative training program?

0 / 61
(0%)

Step 6. Preventative Training Program Fidelity Control

Not Evaluated

6a. Was program implementation fidelity assessed?
6b. Was continuous quality improvement feedback provided based on program
fidelity assessment findings?
Step 7. Exit Strategy

Not Evaluated

7a. Were objective criteria for achieving high-fidelity implementation established?
7b. Was a goal-oriented exit strategy established? (i.e. organization has achieved
≥90% compliance with markers of program implementation fidelity for at least 2
months)
7c. Was implementation fidelity reassessed to ensure retention and maintenance
after implementation support has been withdrawn for an extended period of time
(i.e. >6 months) following initial training?

Not Evaluated

Not Evaluated
Not Evaluated

Not Evaluated

Not Evaluated

Table 1: 7-Step Operational Definitions
Step 1: Establish Administrative Support
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Twenty-eight of the 62 organizations (45.2%) completed Step 1A and Step1B (Table 1). There was a drop off
at Step1C and after the initial meeting between the liaison and PI. Only 21 out of the 62 organizations (33.9%)
gave permission to implement the workshop for the preventive training programs.

Step 2: Develop an Interdisciplinary Team
Only 18 of the 62 organizations (29.0%) developed an interdisciplinary team with the research group. The
interdisciplinary team makeup varied between organizations but was predominantly an organization
administrator, such as a club President or Coaching Director, as well as an active team parent or team coach.
The team helped to facilitate communication between the research staff and the other coaches and athletes
within the organization.

Step 3: Identify Barriers and Solutions
Each of the 18 remaining organizations completed all of the components of Step 3.
Time
All pre-season education workshops lasted between 45-75 minutes. Organizations tried to plan proactively to
maximize coach attendance to the workshop. However, the plan for this workshop differed. For example, some
organizations chose to embed the workshop with other responsibilities, such as a uniform distribution or a
meeting to schedule games, while others wanted the workshop to be a stand-alone event. We relied on the
interdisciplinary team to know the best method to plan a workshop for their population of coaches. These plans
however did not always yield high attendance.

For example, one league wanted the education workshop to take place on the same day as team uniform
distribution. In this case, the organization had struggled to schedule a day for that worked for all of their
coaches and stated that scheduling would be a major barrier for attendance. However, a different organization
wanted the workshop to be held independently and not overlap with other meetings or pre-season tasks. In this
case, the organization knew that more coaches would show up if the proposed duration of an event was
shorter with a very specific agenda.
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Organizational Infrastructure
The 18 organizations differed in administrative hierarchy and thereby handled workshop planning very
differently. Our most common top-down structure was that of an organization administrator that also served a
dual role as a volunteer coach. Only one soccer organization, the only elite-level organization evaluated, had
administration independent of the coaching staff. This structure presented challenges with timely
communication due to the heterogeneity of the roles, responsibilities, and time of the members of the
interdisciplinary team. One organization had a proactive parent volunteer spearheading the workshop initiative
and mobilized coaches through daily email reminders in the week leading up to the workshop. Another
organization had paid coaches rather than volunteers and the organization owner facilitated reminders to
coaches.
Environmental: Training Locations, Surfaces, and Equipment Availability
The organizations were located in different geographical locations within the state of Connecticut and towns
differed in socio-economic status composition.

Step 4: Develop an Evidence-Based PTP
During the workshop we encouraged coaches to utilize any evidence-based PTP strategy that would work best
for their team culture but distributed information regarding a specific PTP that our research team had
developed for youth athletes. Only 14 coaches completed the POST-S questionnaire. Thirteen out of the 14
coaches who completed the POST-S (92.8%) reported utilizing any PTP during the season. Four of the 13
coaches (30.8%) reported implementing the workshop-specific PTP as instructed with no modifications to the
program. Another four of the 13 coaches (30.8%) reported implementing the PTP but shortening the program
due to time constraints. Three of the 13 coaches (23.1%) reported implementing a different PTP and 2 of the
coaches (15.4%) reported adding exercises to the prescribed program. The 1 coach who completed the postseason questionnaire and did not implement any PTP strategies reported that there was not enough time in
practice to use the program.

Step 5: Train the Trainers and Users
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Twelve of the 62 organizations (19.4%) completed 4 out of 5 of the components within Step 5.

None of the organizations completed component 5e. Step 5e was to provide the coaches’ with regular
feedback on delivery and execution of preventive training program. This was not a measure of the larger study
so no league was given regular, standardized feedback. Coaches were encouraged to reach out to the
research staff if they had any questions and research staff were available by phone or email.

79

DISCUSSION
This was a retrospective study to evaluate the application of a framework following dissemination efforts of
PTPs across youth sport organizations. Despite progress in reporting evidence-based PTP implementation
strategies(1, 2)implementation sometimes fails.(3) While researchers have proposed frameworks to guide
dissemination efforts,(4-6) the layers and complexities involved with widespread implementation can be
challenging – what makes sense for one population may be unrealistic or ineffective in a different setting. In
order to better understand the circumstances surrounding successful PTP adoption, we must identify which
steps within a given framework may present the most challenges for youth sport organizations in the real
world. No one has looked at the application of Padua’s 7-Steps(6) at the youth level of American recreational
sports. Comparing youth sport organization profiles within an implementation framework will streamline future
interventions to increase the reach and effectiveness of preventive training programs.

Step 1: Establish Administrative Support
The first and largest barrier identified by this study was “Step 1: Establish Administrative Support”. This study
found that out of 62 organizations that were contacted, only 28 responded. A study by Donaldson et al.(7)
experienced challenges planning an implementation strategy with community-Australian football because the
volunteer culture of the leagues made pre-season planning and communication difficult. We had similar
difficulties, particularly with making initial contact prior to the start of the season. Efforts were advertise the
workshop to be as appealing and accommodating as possible. The workshop was described as a free, brief
pre-season coaches’ education workshop that would take place on a day and time and at a location that was
most convenient for the majority of the coaches within the organization. Despite these efforts to offer a low
maintenance training opportunity for coaches, multiple attempts to initiate communication, and the fact that our
research group had existing professional relationships with many sport organizations in the area, we only saw
a 45.2% response rate. Perhaps a more top-down approach, including mandates from state or national
organizations, would improve the preliminary buy-in to beginning discussions to plan a coaches’ workshop.

Step 2: Develop an Interdisciplinary Team
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Of the 28 organizations that responded to the initial offer for the free, locally delivered pre-season coaches’
education workshop, only 18 organizations continued and created interdisciplinary teams to collaborate on
planning the coaches’ workshop. The hierarchical structure within a given organization differed dramatically
and thus the makeup of the interdisciplinary team was different between organizations. This heterogeneity
carried over into organization barriers, where multiple organizations expressed that many coaches had not yet
been confirmed with the season only weeks away. This challenge may not be present in higher-level athletics
that likely have coaches determined farther in advance, so this presents unique challenges for dissemination of
PTPs at the youth level. Youth sport and its volunteer cycle may only allow for very narrow windows of
opportunity to establish contact and then administer training workshops. To overcome this potential barrier,
dissemination efforts should begin 1-2 seasons prior and identify administration and staff who are confirmed to
carry over into the season of interest. Similarly, it may be beneficial to engage different stakeholders to attend
the workshop, such as parents who coach, parents who do not coach, coaches who do not have children on a
team, organization administrators who coach, organization administrators who do not coach, athletes, etc. By
creating an education workshop where there are likely different motivating factors and perspectives, the
education workshop may have a more holistic approach to the benefits and reasons to implement PTPs, thus
potentially increasing coach adoption and compliance. While previous research has not evaluated the impact
of parents at workshops, one study by Steffen et al.(8) found it useful to include athletes as demonstrators
within the workshop. Future research should look to include multiple stakeholders and evaluate the impact of
their attendance on adoption and buy-in of PTP implementation.

Step 3: Identify Barriers and Solutions
One of the main barriers identified throughout the process was time. The research team made every effort to
keep the workshop as efficient as possible, maintaining a 45-75 minute time limit depending on organization.
Some organizations requested the pre-season workshop to coincide with another organization-specific event,
such as uniform distribution, whereas other organizations wanted the pre-season workshop to be its own
event. The research team relied on the interdisciplinary team to choose the best options for the coach
personalities of each organization, but as previously stated, pre-season communication was difficult to facilitate
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and we ran into several barriers. For example, one organization was proactive in scheduling the pre-season
workshop and had high attendance for the current coaches; however, the organization scheduled so far in
advance that several coaches had not yet been identified. In another instance, a basketball organization
reported high levels of interest among coaches, but pre-season took place around winter holidays (late
November - late December) and the workshop had low attendance due to weather and other holiday
commitments. Each organization will have its own culture and time constraints,(9) so once communication is
established, flexibility and the capacity to potentially offer multiple workshops may better accommodate
coaches’ schedules.

Step 4: Develop an Evidence-Based PTP
During the coaches’ workshop, research staff taught an evidence-based PTP but emphasized the use of any
evidence-based PTP. The types of exercises and duration of the PTP utilized had been shown to be
efficacious in reducing injury risk in youth soccer athletes. We found that while 13 out of the 14 coaches who
completed the POST-S (92.8%) reported utilizing any PTP during the season, only 4 of the 13 coaches
(30.8%) reported implementing the workshop-specific PTP as instructed with no modifications to the program.
Four out of the 13 of our coaches reported implementing the PTP but shortening the program due to time
constraints. This corroborates results found by O’Brien et al.(10) where only 6% of coaches use the full
FIFA11+ program and 22% of coaches use the program with modifications. Coaches can effectively reduce
injury risk(11) and injury rate(12) of their athletes by implementing PTPs, but success is linked to program
compliance and exercise fidelity.(13, 14) At the youth level, some of our coaches reported that injuries were
not a problem for their athletes and that they wanted to spend more time practicing ball drills and sport-specific
tasks than on the warm-up program.

Three of the 13 coaches (23.1%) reported implementing a different PTP, specifically the FIFA11+, however,
we did not evaluate to what degree the coaches implemented the program. Two of 13 coaches (15.4%)
reported adding arm exercises to the prescribed program, specifically arm circles forwards and backwards.
The 1 coach who completed the post-season questionnaire and did not implement any PTP strategies reported
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that there was not enough time in practice to use the program. The time limitation has been continuously
reported as a barrier to implementation and the specific components of effective PTPs are inadequately
reported.(15) These results support previous findings and future studies should continue to evaluate ways to
address coaches’ concerns, namely time and emphasizing more sport specific ball drills, while maintaining an
effective strategy.

Step 5: Train the Trainers and Users
Twelve of the 62 organizations (19.4%) completed 4 out of 5 of the components within Step 5. Our research
study covered PTP effectiveness to reduce injury risk, reduce injury rate, and improve performance within the
workshop. We were able to evaluate if the PTP aligned with organization goals and the knowledge, attitudes,
beliefs, and self-efficacy based on pre- and post-workshop questionnaire that was administered as a part of the
larger study (Root 2017).

Coaches were encouraged to reach out to the research staff if they had any questions and staff was available
by phone or email. However, few coaches reached out throughout the season. We believe that this was at
least in part due to the persistent difficulty with communication between coaches and the research staff
throughout the larger study. Future studies should ask coaches what their best and preferred method of
contact may be in order to ensure clear, consistent communication.

Similar evaluations applying frameworks to implementation efforts(15, 16) found gaps in adoption and longterm maintenance of PTPs. A limitation of this study was that we were not able to consider Steps 6 and 7,
which evaluate the fidelity and long-term maintenance of PTPs. However, our results on Steps 1-5 corroborate
that initial adoption and establishing the administrative support of the organizations were the most challenging
steps.

This study provides insight into the injury prevention dissemination and implementation experience of different
organizations in youth sport settings. The challenges we faced in the first steps establishing administrative
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support and forming an interdisciplinary team mirror the body of knowledge’s general lack of reporting
information on the initial adoption of PTPs. In order to promote successful adoption and implementation of
PTPs, future research needs to clearly describe methodologies, as well as discuss barriers and solutions to
implementation efforts.
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MANUSCRIPT 3: Influence of Pre-Season Coaches’ Education
Workshop on Athlete Movement Technique
ABSTRACT
Objectives: The purpose of this study was to evaluate changes in neuromuscular control between adolescent
basketball and soccer athletes whose coach attended either a Generalized or Tailored pre-season education
workshop on PTP implementation.
Design: Cluster randomized control trial.
Methods: Youth soccer and basketball organizations were contacted to participate in a pre-season coaches’
education workshop on implementing preventive training programs. Coaches were randomized by league into
a Tailored or General workshop. Pre-workshop surveys were used to prioritize content of the Tailored
workshop. Generalized workshops followed standardized content. Athletes completed a PRE and POST
season baseline assessment of movement technique. The movement technique assessment included a jumplanding task that was evaluated using the Landing Error Scoring System (LESS). A single rater, blinded to
team, graded all videos for PRE and POST. Each of the three trials was averaged together for one composite
score at PRE and POST.
Results: Seventy-seven athletes on 9 teams across 6 different organizations (Coaches’ Workshops:
Generalized=5 teams from 4 organizations, Tailored=4 teams from 2 organizations) completed both PRE and
POST testing sessions. There were no significant differences between workshop and LESS scores at POST
(P>0.05). Regardless of workshop LESS scores improved over time ((Mean±SD [95%CI]) Generalized PRE:
5.46±0.10[4.84, 6.08], Generalized POST: 4.62±0.10[4.00, 5.25], Tailored PRE: 5.99±0.09[5.40, 6.59], Tailored
POST: 5.66±0.09[5.06, 6.25])(P=0.03).
Conclusions: In conclusion, regardless of coaches’ educational workshop strategy, athletes improved
movement technique from PRE to POST. Future studies should look to evaluate the content of pre-season
coach education workshops in conjunction with fidelity of program delivery, as well as explore implementation
with other popular sports at the youth level in order to improve the reach and applicability of intervention
efforts.
Word Count: 331 / 250 words
Keywords: Injury Prevention; Athletes; Education; Adolescent; Sports
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INTRODUCTION
Youth participation in sport can provide the foundation for positive long-term physical(1) and mental health.(2,
3) Unfortunately sport-related injury can lead to attrition from sport(3) and over 1.24 million kids are seen in the
emergency room for sport-related injuries each year.(4) Specifically, athletes are at the highest risk for
sustaining a sport-related anterior cruciate ligament (ACL) injury between the ages of 11 and 17.(5) As
previous injury is a major risk factor for sustaining a musculoskeletal injury,(6) primary prevention efforts
should focus on youth sport prior to this high-risk age range and mitigate long-term sequelae that may
negatively impact the health system overall.

Evidence-based preventive training programs (PTPs) used as a pre-participation warm-up for sport have been
shown to reduce injury risk,(7) as well as injury rates.(8) The effectiveness of PTPs on injury reduction is
directly related to program compliance and exercise fidelity,(9) where players with high levels of compliance
have a lower rate of injury compared to athletes with low levels of compliance or athletes who do not perform a
PTP (Hagglund 2013). Coaches are the best option to ensure long-term adoption and consistent PTP
implementation, but less than 20% of high school level coaches reported utilizing PTPs.(10)

One way to increase coaches’ awareness and knowledge regarding PTPs is to implement pre-season
educational workshops for coaches; however previous research has shown that increasing knowledge may not
directly translate into coaches’ adopting PTPs with their teams.(11) In other health behavior research, tailored
messaging that is specific to an individual’s needs and interests is more personally relevant and increases the
likelihood of adopting a certain behavior.(12-14) Perhaps pre-season educational workshops for coaches with
content that is tailored to an organization’s needs, beliefs, and characteristics may increase buy-in of the
coaches to adopt a PTP.

Further, proving that there is a direct benefit to athletes, such as a decreased risk of injury, may increase a
coaches’ likelihood of implementing a PTP. Injury rate tracking is challenging in youth sport, as there is
typically no central healthcare provider, such as an athletic trainer, within a given team, and coach-reported or
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athlete-reported injuries can present challenges with recall.(15, 16) Intermediate measures of injury risk, such
as movement technique, are frequently used to understand the effect of a PTP in this population.(17-20)
Athlete movement technique could be a surrogate endpoint of the education workshop, where perhaps
coaches who had a better experience in the pre-season education workshop are more likely to implement
PTPs with high fidelity and compliance, and thereby their athletes would see the most improvement on
movement technique. One study by Pryor et al.(7) found that following a pre-season workshop, coaches
implemented PTPs and athlete injury risk decreased from pre- to post-season evaluation. However, these
results were specific to a single soccer organization and it is unknown if the results would apply across other
soccer organizations or other sports.

The purpose of this study was to evaluate changes in neuromuscular control between adolescent basketball
and soccer athletes whose coach attended either a Generalized or Tailored pre-season education workshop
on PTP implementation. We hypothesized that athletes whose coach attended a Tailored workshop would see
greater improvements in movement technique.
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METHODS

Youth Soccer and Basketball
Organizations contacted via email
(n=69)

This study was a part of a larger initiative (Root 2017)(Figure 1).
Youth soccer and basketball organizations with athletes between
the ages of 8-14 years and within 50 miles of the university were
contacted via email (n=69 organizations) to participate in our

12 organizations
(Soccer: n=7; Basketball: n=5)
consented to participate

study. Organization administrators who replied with interest met
with research personnel for a primary meeting to discuss mutual
goals, planning logistics and to schedule the coaches’ educational

Coaches given pre-workshop
questionnaire (PRE) (n=56)

workshop. A total number of 12 organizations (Soccer: 7
organizations, n=44 coaches; Basketball: 5 organizations, n=14
coaches) consented to participate in this study. Approval for this
study was completed by the University’s Institutional Review
Board.

TAILORED
WORKSHOP

GENERALIZED
WORKSHOP

6 Organizations
(Soccer: n=3;
Basketball: n=3)

6 Organizations
(Soccer: n=4;
Basketball: n=2)

Coaches’ Workshop
Organizations were randomized into one of two pre-season

Coaches completed post-workshop
questionnaire (POST-W) (n=30)

workshop groups: Generalized or Tailored so that all coaches
within a given organization received the same workshop education
strategy. One educational workshop was implemented per
organization. Both Tailored and Generalized workshops lasted

Athletes completed PRE testing
(n=115)

between 45-70 minutes depending on the number of coaches in
attendance and availability of time. Full descriptions of the

Sport Season (~8-12 weeks)

workshops are detailed in Root 2017.

The research group implemented pre-season PTP training
workshops for coaches. One educational workshop was

Athletes completed POST testing
(n=89)
Coaches given post-season
questionnaire (POST-S) (n=15)
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Figure 4. Study Procedures

implemented per sport organization. Workshops lasted between 45-70 minutes depending on the number of
coaches in attendance and organization availability of time. For instance, some organizations chose to include
the educational workshop as a component of an existing coaches’ meeting or equipment day, which limited
time to conduct the workshop. Other organizations chose to conduct the workshop on an independent day to
allow for more time for questions and practice. The workshops had a lecture component, where the research
team discussed PTPs and their impact on athlete injury risk, injury rate and sport performance to establish a
shared understanding of PTPs and how PTPs may benefit their athletes. Workshops also had a hands-on
component where coaches were taught how to implement a PTP that was created by the research team. The
hands-on component included peer demonstration and time to practice leading PTPs.

Online resources with interactive video tutorials demonstrating each exercise were available to all coaches
following the workshop regardless of group (http://trainingpreparationforsport.weebly.com). The online
resource contained video demonstrations, examples of good and bad form, cues for exercises, and
downloadable hand-outs of the PTP and educational materials.

Preventive Training Program
The research team created a 10-minute PTP, which was utilized for training purposes. The PTP contained
flexibility, agility, core, strength, balance, and plyometric exercises and was based off of previous PTPs that
have reduced injury risk and improved performance in youth athletes.(19) The same PTP was discussed
during both workshop designs. However, research assistants made specific mention that there were multiple
options for PTPs, such as the F11+, but that a standard warm-up of our research team’s design would be
specifically presented as an example for hands-on opportunities. Each workshop emphasized key components
of PTPs that are important to include (i.e. agility, balance, etc.) according to the latest evidence regarding PTP
effectiveness.(21)
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Athlete Assessment
Coaches who attended a pre-season workshop were invited to have their athletes participate in pre- and postseason injury risk assessments. Athletes completed two test sessions, one during the first week of the season
(PRE) and one during the last week of the season (POST). Test sessions lasted approximately 20 minutes per
team and took place at the location of and prior to each team’s practice.

Jump Landing Task
Participants stood on a box 30-cm high and jumped off the box forward towards a marked line a distance of
approximately half the participant’s body height away from the box. Participants were instructed to immediately
perform a vertical jump for maximum vertical height upon landing. Participants performed as many practice
jumps as needed to complete a successful trial. A successful trial was defined as the participant: (1) leaving
the box with both feet at the same time (2) jumping straight down to the line (3) immediately rebounding as
high up in the air as possible upon landing and (4) completing the task in a smooth motion. Three successful
trials were recorded per participant.
Two digital video cameras recorded the jump-landing task from the front and side of the participant. A single
rater analyzed the videos at a later date for high-risk movement technique using the Landing Error Scoring
System (LESS). The LESS is a valid and reliable clinical movement assessment tool to identify biomechanical
risk factors for ACL and other lower extremity injuries (CITE). A lower LESS score indicates good technique,
and a lower risk of injury. Specifically, a LESS score less than 5 predicts a lower risk of ACL injury in youth
soccer athletes.(20)
Post-Season Questionnaire
At the end of the season, post-season questionnaires (POST-S) were given to coaches. Coaches self-reported
if they did or did not implement a PTP throughout the season and, if so, how frequently and what exercises.

Data Analyses
The purpose of this study was to evaluate changes in neuromuscular control across a season between
adolescent basketball and soccer athletes whose coach attended either a Generalized or Tailored pre-season
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education workshop on PTP implementation. We used a mixed model analysis of variance (ANOVA) to
evaluate differences in neuromuscular control (average total LESS score) over time (PRE, POST) between
educational workshops (Generalized, Tailored). We evaluated organization as a possible covariate, as
educational workshops were delivered at the organization level.

We divided athletes into high and low risk categories based on LESS score at PRE, with a cut point of 5 based
on previous research indicating that a LESS score <5 was indicative of a decreased risk of sustaining an ACL
injury (HIGH: >5; LOW: <5). To determine the effect of the PTP with reducing risk based on the LESS, we
selected participants who were HIGH risk at PRE and used chi-square analyses to evaluate differences in risk
categorization (HIGH, LOW) at POST between workshop types (Generalized, Tailored).

All data were analyzed using SPSS Version 21.0 with an a priori alpha level of p<0.05.
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RESULTS
Of the 12 organizations who participated in a pre-season coaches’ educational workshop, 6 organizations
completed PRE and POST athlete testing. One hundred and fifteen participants on 9 different teams across 6
different organizations (Coaches’ Workshops: Generalized=5 teams from 4 organizations, Tailored=4 teams
from 2 organizations) volunteered to participate in this study (Table 1). Of the 115 athletes who completed
PRE, 77 athletes completed both PRE and POST testing sessions.

Table 1. Athlete Demographic Information
Soccer

Sample size
Height, cm
(mean±SD)
Weight, kg
(mean±SD)
Age, years
(mean±SD)

Basketball

Male

Female

Male

Female

39

63

7

6

140.7±1.5

154.1±1.3

174.7±3.4

137.2±2.7

44.9±3.3

45.6±1.5

65.3±5.0

47.0±4.5

10±2

10±2

12±1

11±1

Organization did not affect the statistical model for continuous LESS items (P>0.05) so it was not included in
the model as a covariate. There were no significant differences in LESS scores between workshops
(Generalized, Tailored) between time points (P>0.05)(Table 2). However, regardless of workshop, LESS
scores improved over time (P=0.03)(Table 2).
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Table 2. LESS Score Descriptives by Workshop Over Time
PRE
Workshop
Generalized
Overall
Team 3
Team 4
Team 7
Team 9
Team 10
Tailored Overall
Team 1
Team 5
Team 6
Team 8

POST

Mean±SD

95% Confidence
Interval

Mean±SD

95% Confidence
Interval

5.46±0.10

[4.84, 6.08]

4.62±0.10

[4.00, 5.25]

6.59±0.50
6.03±0.53
5.63±0.47
3.50±0.50
4.93±0.55
5.99±0.09
4.38±0.72
5.97±0.59
7.03±0.32
5.73±0.37

[5.43, 7.75]
[4.84, 7.23]
[4.56, 6.70]
[2.85, 9.85]
[3.40, 6.47]
[5.40, 6.59]
[2.82, 5.95]
[4.67, 7.27]
[6.30, 7.77]
[4.70, 6.76]

5.96±0.62
5.68±0.73
5.02±0.47
4.17±0.17
4.07±0.44
5.66±0.09
2.38±0.56
5.89±0.42
6.73±0.58
6.53±0.89

[4.53, 7.39]
[4.03, 7.34]
[3.95, 6.08]
[2.05, 6.28]
[2.85, 5.29]
[5.06, 6.25]
[1.17, 3.60]
[4.97, 6.81]
[5.43, 8.03]
[4.07, 8.99]

There were 45 participants who were categorized as HIGH risk at PRE, based on the LESS score. There was
no significant difference in risk category (HIGH, LOW) at POST between workshop groups (Generalized,
Tailored) at POST (P>0.05)(Figure 2).

# of Athletes

30
25
20
15
10
5

45.9%
of
PRE

54.1%
of
PRE

48.6%
of
POST

51.4%
of
POST

32.4%
of
PRE

67.6%
of
PRE

48.6%
of
POST

51.4%
of
POST

Low

High

Low

High

Low

High

Low

High

0
PRE

POST

PRE

POST

Generalized
Tailored
Workshop x Time x Risk Category
Figure 5. Number of Athletes within Each Risk Category Across Time By Workshop
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DISCUSSION
The purpose of this study was to evaluate changes in neuromuscular control between adolescent basketball
and soccer athletes whose coach attended either a Generalized or Tailored pre-season education workshop
on PTP implementation. Our most important finding was that regardless of educational workshop design, an
educational workshop can effectively prepare coaches to implement a PTP with their youth sport teams.
Athletes significantly improved movement technique, which is associated with injury risk, from pre- to postseason. A recent study by Pryor et al.(7) also found that following a pre-season education workshop, coaches
of youth soccer athletes were able to effectively implement a PTP over the course of a season and athletes
improved their movement technique, which is related to injury risk in youth soccer athletes.(20) However, Pryor
et al.(7) only evaluated one coaches’ workshop and one youth soccer organization. Our study supports and
adds to this knowledge by incorporating different educational techniques across multiple sport organizations,
thus improving the applicability of coach workshops and increasing the dissemination potential of PTP
education.

The present study included 6 different youth soccer and basketball organizations. O’Brien et al.(22) surveyed
youth soccer coaches, fitness coaches, and physiotherapists at a professional youth soccer academy and
found that there were challenges specific to individual soccer teams. Our study implemented one of two
educational strategies per organization. The Generalized workshop was a standard training workshop that
addressed common implementation barriers for a coaching population in general. Information in this workshop
included: (1) education regarding PTP effect on injury risk/rate, performance, and long term consequences of
injury (2) hands-on training on implementing a 10-minute exercise-based PTP as a team warm-up, including
peer-to-peer demonstration and skills practice and (3) a question and answer session to address concerns or
questions.The Tailored workshop used information on perceived barriers, facilitators, and motivating factors
from the coaches’ pre-questionnaire to establish priorities and streamline education to focus on specific
components of interest. While the Tailored workshop also contained an educational portion, as well as handson demonstration, the educational portion was geared to the specific interests and questions vocalized by the
coaches in attendance. Previous health behavior literature has found that personalized, tailored health
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messaging can increase the likelihood and success of a health behavior change.(12-14, 23) One initiative
aimed at prevention of skin cancer through improved behaviors found that tailored risk communications had
improved adherence to protective behaviors compared to generic communications.(12) The different
educational workshop designs within this study were intended to evaluate if tailored education would be more
effective to increase coaches’ behavior drivers for PTP implementation through addressing an organization’s
specific needs. We saw no difference in athlete outcomes between workshop groups. This indicates that a
Tailored workshop may be unnecessary and more generalized content can effectively promote PTP usage
through which we see improved athlete movement technique over the course of a season. With advances in
online education tools and resources this could dramatically increase the reach of implementation interventions
by providing access to educational workshops to anyone even those living in remote areas or those who do not
have access to health care professionals to run an in-person workshop.

Most studies looking at coach-led PTPs have focused on female soccer athletes.(24-28) Further, within a
recent meta-analysis showing that coaches can effectively implement PTPs, only one study evaluated athletes
younger than high school ages and no study looked at basketball athletes. As basketball is a common sport for
youth athletes to play,(29) basketball may be an additional opportunity to increase the reach of PTP
dissemination efforts. We found no significant differences in LESS scores over time between sports. While we
have a small number of basketball athletes (n=13), our findings further support that coaches can effectively
implement PTPs(30) but adds to the literature by including both middle-school aged athletes as well as
basketball athletes. One study by LaBella et al.(31) included high school basketball athletes and evaluated the
impact of coach-led PTPs on athlete injury rate. LaBella et al.(31) found that coach-led PTPs decreased lower
extremity injury rate. While our results evaluate movement technique as a proxy outcome related to injury risk,
both studies indicate benefits of PTPs for basketball athletes. These results are encouraging for future
research, as implementation efforts may successfully expand pre-season education workshops to basketball
coaches.
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Additionally, typically athletes with higher scores at PRE who have the most room to improve see the greatest
change over time. Of the 74 athletes who completed PRE and POST testing, 45 participants (58.44%) were
categorized as HIGH risk at PRE, based on the LESS score. Thirteen of the 45 participants (28.89%) improved
risk category from HIGH to LOW from PRE to POST. This finding makes sense as the LESS is a summation of
multiple injury risk factors dichotomized as yes/no for either present or absent. Athletes may have started too
high to make such a dramatic change in movement technique to move below the 5 cut off point. Interestingly,
we had a small subsample of elite level soccer athletes playing for a premier team who improved their team
average by nearly 2 points from PRE (total LESS score(mean±SD): 4.38±2.59) to POST (total LESS
score(mean±SD): 2.38±2.02). This was a surprising finding because the team had low LESS scores at PRE
and showed huge improvements. These athletes had less room to improve but still saw a decrease in overall
LESS scores. However, the organization that saw these improvements was the only elite organization included
in our study and the coach reported (1) previous experience implementing a PTP and (2) implementing a PTP
during the current season at least 3 times per week. These results corroborate that workshop design did not
significantly influence an athlete’s ability to improve movement technique but also show that while populations
who baseline at a HIGH risk may have more room to change, any group of athletes can benefit from PTP
implementation.

One of the major limitations of this study was that we did not have a control group and all athletes who
completed PRE and POST testing were on teams of coaches who self-reported implementing any PTP during
the season. We also did not measure program fidelity and relied on coach self-report at the end of the season
to determine which coaches implemented a PTP throughout the season. Several studies have indicated that
fidelity control and specific feedback to program delivers is an extremely component to successful coach
training and high quality PTP dosage for athletes.(11, 32) However, previous literature has shown that athletes
who perform a PTP with low compliance or do not perform a PTP at all do not see changes in injury rate(33) or
injury risk.(19) Therefore, we feel that having a control group would not significantly change our results.
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In conclusion, regardless of coaches’ educational workshop strategy, athletes improved movement technique,
which may indicate a reduced risk of injury over the course of a sport season. Future studies should look to
evaluate the content of pre-season coach education workshops in conjunction with fidelity of program delivery,
as well as explore implementation with other popular sports at the youth level in order to improve the reach and
applicability of intervention efforts.
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