Exploring the associations of lower
limb strength, injury and
performance in academy football.
Steven Kenneth Jones
A submission presented in partial
fulfilment of the requirements of the
University of South Wales/Prifysgol
De Cymru for the degree of Doctor of
Philosophy
January 2021

ACKNOWLEDGEMENTS
Data collection and writing the thesis has been challenging and rewarding, yet most of
all a very humbling experience. I have a lot of people that I owe huge gratitude too.
Firstly, my director of studies and the humblest sports performance expert in the world,
Dr. Morgan Williams. Dr. Morgs is truly an expert, I know I was very lucky to have
him as a supervisor and it’s hard to put in writing how grateful that I am for everything
he has done for me. He has been the best possible mentor throughout this PhD, but
more importantly, a genuine and honest person. Although, I am mostly thankful that
he prevented some of my earlier ideas and interpretations ever reaching this thesis.
Secondly, I would like to express my thanks and gratitude to Professors Rich
Mullen and Thor Einar Andersen for all of their advice and guidance that was given for
every chapter of this thesis. In particular, Rich who had to read my poor spelling, bad
grammar and inability to spot a typo. Thirdly, a big thanks to all of the players and
staff at the respective clubs, with a special thanks to Zoe Clair and Dr Russ Wrigley for
their assistance with data collection.

Fourthly, I would also like to thank Vald

Performance for providing the strength testing equipment and access to ScoreBord.
My final thanks go to the self-proclaimed ‘better half the rock and the
inspiration’ (her words!) for ‘letting me off’ with all the house hold stuff. I have been
told on a weekly if not daily basis that I couldn’t have done any of this without her.

I

ABSTRACT
For those competing in academy football, absence from training and match play due to
injury can hinder the development of important football skills (i.e., tactical technical,
physical and psychological) that are required to be successful at senior level. Evidence
from senior cohorts has suggested that significant relationships exist between strength,
injury and performance, yet information relating to academy footballers remains sparse.
Therefore, an improved understanding of the associations of lower limb strength,
injury, and performance specific to academy footballers, could help improve injury
reduction, athletic enhancement and ultimately aid player development.
The aim of study 1 (chapter 2) of this thesis was to systematically review studies
investigating injury prevalence, incidence and severity in high-level male youth
football.

Electronic databases Academic Search Complete, CINAHL, Cochrane,

Medline, PubMed, SPORTDiscus and Web of Science were systematically searched to
identify eligible studies. The novel findings from this study were that youth footballers
had a high probability of sustaining a time loss injury over a typical youth season and
that a large portion of training and competition time was lost to injury.
In chapter 4, study 2 explored novel field-based strength assessments and their
relationships with both sprint and change of direction (COD) performance in male
academy footballers. The unique findings from this study were that all scaled strength
assessments were associated collectively with ’running ability’ and independently with
linear sprint and COD ability.
Study 3 aimed to investigate the impact of non-contact lower limb injury on
scaled hip, groin and knee flexor strength development in male academy youth
footballers. The novel observations of study 3 were that injury only had a trivial impact
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on strength development and stronger footballers at pre-season experienced strength
loses while those weaker players gained strength across the season.
The final study (4) investigated the association of preseason lower limb scaled
strength measures and subsequent non-contact lower limb injury in male academy
footballers. The unique finding from study 4 was that stronger preseason scaled
isometric hip adduction strength was associated with future non-contact injury.
Overall the data from these studies characterised injury pertaining male to
academy footballers and provided novel evidence for the efficacy of use for multiple
strength devices to monitor and screen academy footballers to help guide tailored
interventions.
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Chapter 1
1.0 Introduction

1

1.1 INTRODUCION
Football clubs worldwide invest millions annually in academy structures in an effort to
develop talented young players (European Club Association, 2019). The aim for these
academies is to prepare those talented youngsters through systematic practice and
competition to be retained by the club or sold for profit. Currently, the chances of a
youngster joining the academy system at 8 years of age and making the first team is
around 0.5% (Wilson, 2015). If a player remains in the academy system at 16 years
old, it is reported that they have a 50% chance of being a professional, yet only 25% of
these players remain in professional football by 21 years of age (Gheerbrant, 2014).
However, the transfer fees generated from academy graduates (e.g., Monaco's Kylian
Mbappe’s transfer to Paris St German was in excess of £128 million) demonstrate the
financial rewards for successful player development strategies.
Talented players can enter academies at a young age, and in England and Wales
it has been reported that 12500 may be registered to the academies of professional clubs
(Calvin, 2017). The academies’ purpose is to provide a rich source of opportunities for
young footballers to explore, learn and develop the tactical, technical, physical and
psychological skill sets required to be successful in senior football (Ford et al., 2011;
Jones et al., 2019; Jones et al., 2020; Ward et al., 2007). Central to the footballer’s
development is experience gained through exposure to competitive matches and
training. Availability to participate is critical to academy footballers, so they can
maximise their skill development and therefore, being fit and injury free should be a
priority (Jones et al., 2019; Jones et al., 2020). Participation during football training
and matches does however involve high intensity activities that expose players to the
potential for injury (Buchheit et al., 2010; Malone et al., 2015a; Harley et al., 2010;
Jones & Drust, 2007; Goto, Morris & Nevill, 2015; Russell et al., 2015; Tierney et al.,
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2016). Despite significant efforts in recent years to reduce the burden of injury in senior
football, longitudinal data from academy football indicates that injury has increased
three-fold (Read et al., 2018a). This is of particular concern since evidence from 500
Australian Football League players suggested that injury sustained at academy level
was a significant predictor of future missed game time at senior level (Gabbe et al.,
2010). In support of this finding, previous injury has been documented as being a wellestablished risk factor in senior football (Hägglund, Waldén & Ekstrand, 2006; Waldén
et al., 2006).

These data suggest that the effectiveness of injury reduction and

rehabilitation practices might be overstated; therefore, more needs to be learnt about
injury incidence, prevalence, severity and underpinning consequences of sustaining an
injury.
Sustaining injury incurs financial costs (Ekstrand, 2013; Eliakim et al., 2020;
Hickey et al., 2014), which has been reported to be as high as a combined £221 million
for the 2018/19 season for English Premier League football clubs (Batten, 2019).
Furthermore, injury can harmfully impact team performance (Eirale et al., 2013;
Hägglund et al., 2013) and have long-term consequences for player health and wellbeing (Drawer & Fuller, 2001; Fanelli, Sousa & Edson, 2014; Kuijt et al., 2012;
Maffulli et al., 2010; Swain et al., 2018). Specific physical qualities such as flexibility
(Gleim & McHugh, 1997), strength (Sole et al., 2012), aerobic fitness (Rowland, 1994)
and repeated sprint performance (Røksund et al., 2017) have been documented to be
detrimentally affected by injury and ultimately impairs a player’s development. Given
the economic and performance-based implications for injury, further exploration of
aetiology and mechanisms responsible particularly at academy level is warranted.
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1.2 Aims and objectives of the thesis
The main aim of this programme of research is to explore the associations between
lower limb strength with injury, and performance in academy footballers. This thesis
sought to accomplish this main aim with a series of research objectives: 1)
systematically review published scientific research on youth football injury incidence,
prevalence and severity; 2) explore a suite of novel field-based lower limb strength
assessments and their relationships with sprint and change of direction (COD)
performance in male academy players; 3) investigate the impact of non-contact lower
limb injury on hip, groin and knee flexor strength development in academy footballers;
and 4) prospectively explore the association of novel field-based strength measures and
subsequent non-contact lower limb injury. The findings of these research objectives
will offer some explanation to the recent calls to update reference scores for sprint,
COD and jump performance (Gonaus et al., 2019), provide normative strength scores
of hip/groin and knee flexor of academy footballers (Jones et al., 2019), and describe
how these lower limb strength scores vary during an academy season (Hodgson,
Hignett & Edwards, 2015). This thesis also addresses the limitations of studies that
have used similar strength testing equipment by offering data from multiple novel-field
based strength assessments in a large cohort of academy footballers (Bourne et al.,
2015; Bourne et al., 2020; Opar et al., 2015b; Timmins et al., 2016). Therefore, the
findings from this research programme will be novel in terms of application and cohort
assessed.
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1.3 Thesis organization
This thesis comprises of five main chapters, containing a systematic review and three
empirical studies. Following this introduction, chapter 2 (study 1) expands on previous
systematic reviews focused on injury in youth football players by including additional
studies, providing an updated and more detailed report to include data on injury
incidence, prevalence, severity, location and mechanism. Further objectives of this
review are to quantify the probability of sustaining an injury over the course of a typical
youth season using Poisson distribution model and calculate pooled estimates for total
injury incidence per 1000 hours where study homogeneity allows. Chapter 3 provides
a review of existing literature and critical analysis of topics that includes structure and
physical demands of the academy system, consequence of injury (i.e., impact on muscle
activation and strength, skill development and finances) and the roles of muscle
strength testing (i.e., role within an academy setting, injury prediction and associations
with competition tasks).
Chapter 4 presents three empirical studies, with the first of these studies (study
2) describing the relationships of novel field-based strength tests and sprint/COD
performance using multiple regression analysis. Another objective of study 2 will be
to perform decision tree induction (DTI) analysis that will demonstrate understanding
and communicate the features of underpinning strength contributions to ‘running
ability’ in academy footballers from each of the three development phases of the
Premier Leagues Elite Player Performance Plan (EPPP). The second empirical study
(study 3) investigates the impact of sustaining non-contact lower limb injury on hip,
groin and knee flexor strength development across age groups within an academy
setting. Data from this study will also describe the effect of age on injury occurrence,
number of days that are missed due to injury and seasonal variation of lower limb
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strength. While, the final empirical study (study 4) explores the associations of preseason lower limb strength (i.e., eccentric knee flexor, isometric hip adductor [ADD]
and abductor [ABD]) and future non-contact injury in academy footballers. Similar to
empirical study 2, this final study will also use the explanatory power of DTI analysis
to provide a framework that relates lower limb strength derived from novel field-based
testing equipment to future injury. To conclude this thesis, chapter 5 summaries the
overall research findings and presents the key conceptual issues derived from the
systematic review and each of the three empirical studies. The chapter also discusses
the strengths and limitations of the methodologies used and provides the major practical
implications that emerge from this programme of research. Finally, this chapter
considers areas of future research, with an emphasis on further exploration of injury
epidemiology and how a combination of novel lower limb field-based strength
assessments can advance knowledge of injury rehabilitation, modelling and
performance, within an academy setting.

1.4 Thesis definitions
Throughout this thesis terms such as injury, performance, strength, strong and weak are
used. This section addresses working definitions of these terms. For this thesis injury
will be defined as a time loss injury that resulted in the player being unable to participate
in a full future training session or match play, in line with the statement from the Injury
Consensus Group (Fuller et al., 2006a; 2006b; 2006c). Similarly, location (i.e.,
position on the body), type (i.e., muscle strain), mechanism (i.e., contact with an object
or opponent, or non-contact were there was no interaction with any object nor
opponent) and severity of injury (i.e., number of days absent from full training or match
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play) are also classified to the same specifications of the work of Fuller and colleagues
(2006a; 2006b; 2006c), unless stated.
Performance refers to the execution of a movement task (Schmidt and Wrisberg,
2008). For example, an academy players ability to undertake maximal lower limb
strength efforts (e.g., ‘Nordic’, hip ADD and ABD) and also game related tasks that
include maximal countermovement jump, sprint (e.g., 5, 10, 20 meter) and change of
direction (e.g., modified 505). The term strength has many definitions in the sports
and exercise science literature. An early definition by Knuttgen and Kraemer (1987, p
6) defined strength as ‘maximal force a muscle or muscle group can generate at a
specific velocity’. To provide a more comprehensive and specific description of
strength related to its use in this thesis, strength will be further sub-divided into robust
strength and performance strength. Placing strength training on a continuum, robust
strength would feature at one end and performance strength would be at the opposite
end of the continuum. Robust strength could be described as a form of strength training
were the focus is on the development of strength using exercises that have strong
association with reducing injury, and a smaller impact on performance. For example,
prescribing Copenhagen exercises to an academy footballer the main aim of this
exercise is to strengthen the hip ADD with the aim to reduce groin strain injury.
However, this exercise will also have some positive impact on performing game related
tasks such as linear sprint ability by strengthening the hip ADD which might also
improve hip extension forces in the late swing to early contact phases of sprinting (Delp
& Maloney, 1993; Neumann, 2010).
On the other hand, performance strength could be described as a form of
strength training were the exercises have a stronger association with improving a
distinctive feature or features of sports performance (i.e., maximal force), and have a
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smaller impact on injury reduction.

One exercise that could be classified as a

performance strength exercise is the one repetition maximal barbell half squat. The
main physical adaptation of such an exercise could be to improve force production of
the muscles located around the ankle, knee and hip joints (i.e., hip extension) for sprint
speed (Wisloff et al., 2004), while having a smaller focus on injury reduction. In
chapter 4 some of the participants are described as weak and/or weaker or strong and/or
stronger in relation to their maximal lower limb performance derived from novel fieldbased strength assessments (i.e., eccentric knee flexor, isometric hip ADD and ABD).
Therefore, the term weak is defined as a player that performed below their age group
average for a given maximal lower limb strength assessment. An example of a strong
academy player would be a player that scored above their age group average for a
particular lower limb strength assessment.
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Chapter 2.0
Study 1 Injury incidence, prevalence
and severity in high-level male youth
football: a systematic review and
meta-analysis.
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2.1 ABSTRACT
At a young age, high-level youth footballers enter structured practice where they
engage in regular training and matches.

The academy system is considered

fundamental to a younger footballer’s tactical, technical and physical development.
Yet, with regular training and matches, high-level youth footballers may be exposed to
the risk of injury. This systematic review analyses and summarises published scientific
information on high-level youth football injury characteristics and calculates the risk of
them sustaining an injury over the course of a typical season. The search was performed
using Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. Of the 1346 studies found, 23 fulfilled the inclusion criteria.
Quality assurance scores for the selected research articles ranged between two and five
out of eight. A high degree of heterogeneity between studies was observed. The
probability of sustaining a time-loss injury during a high-level youth season ranged
between <1% and 96% for under-9 to under-16 years age groups and 50% and 91% for
under-18 to under-21year age groups. Pooled estimates for total (training and match)
incidence per 1000 hours was 5.8 for youth players aged under-9 to under-21 years, 7.9
for older players (under-17 to under-21) and 3.5 for younger aged players (under-9 to
under-16 years). Training injury incidence rate ranged from 0.69 to 7.9 per 1000 hours
for all age groups in youth football. Match injury incidence rate for high-level youth
players ranged from 0.4 to 80.0 per 1000 hours. Close to one-fifth (18%) of all highlevel youth football injuries were classified as severe and required >28 days recovery
time. Muscle strain injury accounted for 37% of all injuries reported in youth football.
High probabilities (>90%) of sustaining a time-loss injury over one typical high-level
youth football season were found. High-level youth players lose large portions of their
seasonal development to injury, with players seemingly suffering long absences from
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training and matches, consequently affecting health and well-being and possibly
burdening club/parental finances and healthcare systems.
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2.2 INTRODUCTION
Football clubs worldwide have academy structures for the development of talented
young players. The aim of academy football is to prepare these selected children
through organised practice and competition for senior football. Talented footballers
enter academies at a young age. In England and Wales there are approximately 12500
footballers aged between 8 and 22 years old who are registered with professional youth
development departments (academies) of professional clubs (Calvin, 2017). For under18 and under-23 age groups, football season spans over 9 months per year with a
predefined number of league matches to fulfil. At younger age groups (from under-9
up to under-15 age groups), to promote player development, the match format is
different and scaled to suit the level of player maturation and physical development
with reduced match durations, smaller pitch sizes and reduced player numbers.
Differences between under-15 to under 18-year age groups differ only by duration of
match. Availability to train and gain match exposure and experience are likely essential
for high-level youth footballers to develop physically, and to improve technical and
tactical skill sets necessary for senior football (Ward et al., 2007). The high intensity
activities performed during football training and matches do, however, expose players
to the potential for injury (Russell et al., 2015; Demopoulos, 2016; Tierney et al., 2016).
Sustaining an injury reduces the player’s availability and may also negatively influence
future performance by reducing flexibility (Gleim & McHugh, 1997), strength (Sole et
al., 2012), aerobic fitness (Rowland, 1994) and repeated sprint performance (Røksund
et al., 2017) and impair the progress of development and future career opportunities
(Drawer & Fuller, 2001; Maffulli et al., 2010; Fyfe et al., 2013; Leventer et al., 2016).
These significant consequences of injuries on players’ development and well-being call
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for a greater understanding of injury incidence, prevalence and severity in high-level
youth football to help inform injury reduction programmes.
While numerous epidemiological studies have been conducted on the injury
characteristics of senior male (Bengtsson, Ekstrand & Hägglund, 2013a; Bengtsson et
al., 2013b; Ekstrand, Hägglund & Waldén, 2011b; Hägglund, Waldén & Ekstrand,
2009) and female footballers (Clausen et al., 2014; Giza et al., 2005; Junge & Dvorak,
2007), high-level youth football has received less attention. An early review by Giza
and Micheli (2005) provided a general analysis of the literature up to 2001 in youth
football. Giza and Micheli (2005) reported that youth injury incidence ranged from 2.3
per 1000 training hours to 14.8 per 1000 match hours, concluding that youth football
should be considered ‘relatively safe’. More recently, Faude, Rößler and Junge (2013)
provided an update on youth football injury characteristics, reporting 10% to 15% of
severe injuries. However, how the data were collected and how injury was defined in
those studies reviewed varied considerably. In addition, data were pooled from both
elite and sub-elite, male and female, tournament and league populations, making
comparisons difficult (Faude et al., 2013). Information pertaining to injury in highlevel football is limited and what is available provides an unclear picture of incidence,
prevalence and severity. Our aim was to present the broad spectrum of data on football
injuries for male youth players considered high-level or elite and calculate the
probability of sustaining a time loss injury over one season. To date only a single
systematic review exists investigating injury incidence in male high-level/elite youth
football (Pfirrmann et al., 2016), which only included six articles and did not calculate
pooled estimates of injury incidence per 1000 hour or probability of sustaining a time
loss injury.

The current systematic review expands on this work to include 17

additional studies providing an updated and more detailed report to include extensive
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data on injury incidence, prevalence and severity. Furthermore, this review uses
published injury incidence data to calculate pooled estimates of injury incidence from
studies using similar definitions.

2.3 METHODS
We conducted a systematic review of the literature to identify relevant studies, prior to
analysis of injury data. Our review was in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA; See Flow Chart Figure
2.0) Statement (Liberati et al., 2009).
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Figure 2.0 PRISMA flow chart of literature retrieval and selection.

2.3.1 Eligibility criteria
We searched information sources for any primary research studies that reported data on
high-level/elite football injury in youth (children 8 plus years of age and adolescents
under-21 years of age). Due to the limited language skills of the reviewers, non-English
articles could not be included. Table 2.0 outlines the full inclusion criteria.
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Table 2.0 Study selection criteria.
Inclusion
Population
Male
Children/adolescent/youth (8-21 years old)
Football/soccer player
Elite (professional youth academy or national
team) or highly skilled (based on their league)

Exclusion
Population
Female
Men (aged above 22 years old)
Young child (aged below 8 years old)
Other invasive field sports not football (rugby,
Australian Rules Football, American football,
etc.)
Individual sports (tennis, badminton, etc.)

Outcome
Injury incidence per 1000 hour, type, location,
severity
Injuries sustained in either game or training

Outcome
Injuries sustained outside of training or games

Study design
Prospective cohort; cohort design
Studies of one or more seasons
Original primary peer reviewed studies report
epidemiology ﬁndings

Study design
Retrospective design
Studies less than one season
Conference proceedings
Any review study, case report, or current
concepts
Non-English language

English language

Dental injuries

2.3.2 Information sources
We searched the Academic Search Complete, CINAHL, Cochrane, Medline, PubMed,
SPORTDiscus and Web of Science databases from inception up to and including May
2019. Additionally, we hand-searched for references from key reviews and prior work
on high-level/elite youth football. To ensure that all relevant articles were identified,
citation tracking of all included articles was performed using Google Scholar
(Freckleton & Pizzari, 2013). The following key words were used for the search
strategy for sport (‘football’ or ‘soccer’), population (‘male’ or ‘youth’ or ‘adolescen*’
or ‘young people’ or ‘teen’ or ‘young adult’ or ‘child*’) injury type (‘injur*’ or
‘fracture’ or ‘sprain’ or ‘tear’ or ‘rupture’ or ‘contusion’ or ‘dislocation’ or
‘haematoma’) and study design (‘inciden*’ or ‘prevalence’ or ‘audit’ or ‘surveillance’).
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2.3.3 Study selection
The studies retrieved by the search were initially screened by title and abstract by one
reviewer (SJ) identifying studies on high-level/elite child or youth football injury with
a second reviewer (AG) double checking studies rejected at this stage. Screening of
studies evaluated as being potentially useful by title and abstract was conducted by SJ
and SA collaboratively.

Studies were then selected based on their potential for

containing information fitting the inclusion criteria or being of further use in locating
such studies for evaluation of their full text. Full text articles were then retrieved either
online or via the British Library, leading to the final selection of studies for the
systematic review. Selected studies were assessed by two reviewers (SJ and SA)
independently for quality using the criteria outlined by Loney et al. (1998) for incidence
and prevalence (Table 2.1). This scale comprised of eight dichotomous questions, each
of the eight questions was assigned a score of 1 point making eight the maximum score
possible (Loney et al., 1998). After completing the evaluation both reviewers came to
a consensus for every article reviewed.
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Table 2.1 Quality assurance scores for included studies.
Reference
Bacon & Mauger
(2017)
Bianco et al.
(2016)
Bowen et al.
(2017)
Brink et al.
(2010)
Bult et al. (2018)
Deehan et al.
(2007)
Ergün et al.
(2013)
Hawkins &
Fuller (1999)
Johnson et al.
(2009)
Junge et al.
(2000)
Kemper et al.
(2015)
Le Gall et al.
(2007)
Le Gall et al.
(2006)
Merron et al.
(2006)
Nilson et al.
(2016)
Peterson et al.
(2000)

Question 1a
+

Question 2 b
+

Question 3 c

Question 4 d
+

+
+

Question 6 f

Question 7 g

Question 8 h
+

Total
5

+

+

+

+

5

+

3

+

3

+

5
4

+

2

+

+

4

+

+

4

+

2

+

4

+

+

4

+

+

3

+

+
+
+

Question 5 e
+

+
+
+

+

+
+

+

+
+
+

+
+

+
+
+

+

+

+

+

+

+

+

+

+

4

+

+

+

+

4

+

2

+
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Price et al.
(2004)
Read et al.
(2018)
Renshaw &
Goodwin (2016)
Tears et al.
(2018)
Timpka et al.
(2008)
Tourny et al.
(2014)
Van der Sluis et
al. (2014)

+

+

+

+

+

+

+

+

5

+

4

+

+

+

3

+

+

+

3

+

4

+

+

2

+

+

2

+

+

+

2.3.4 Data collection process
Selected studies were investigated further with respect to the study selection criteria by
three reviewers (SJ, SA and AG) collaboratively. We extracted data from the final
group of studies (Table 2.3) on the topics of incidence (SJ/SA), prevalence (SJ),
severity of injury (SJ/SA), injury type (SJ/SA), nature of injury (SJ/SA), injury
mechanism (SJ/SA) and injury definition (SJ/SA).

2.3.5 Injury incidence, severity, type, location and mechanism
Published injury incidences (Table 2.3) in youth football for training, matches and
overall exposure per 1000 hours are presented with 95% confidence intervals
(incidence / e (1.96 x √ (1/injuries) to incidence x e (1.96 x √ (1/injuries)). In tables 2.4 to 2.8 injury
severity, type, location, mechanism and contact vs non-contact injury are presented in
absolute values with percentages in parentheses.

2.3.6 Pooled injury incidence estimates
Pooled data of overall injury incidence for high-level youth footballers was calculated
where study homogeneity allowed (i.e., injury definition and reporting of injury
incidence by 1000 hours). We calculated these estimates by meta-analysis of log
incidence rate using the metan command in Stata V14 (standard errors of log incidence
rate were calculated as 1/square root [number of injuries]). We reported the metan I2
statistic, which varies between 0% and 100% depending on the variation in pooled
injury incidence estimates due to study heterogeneity (Higgins et al., 2003).

In

addition, the 95% prediction interval for the pooled injury incidence rate was reported,
which is a 95% range for the incidence rate that may underlie the observed rate in any
given study, considering the heterogeneity between studies.
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2.3.7 Transforming exposure data to injury probabilities
Where match injury incidence was given per 1000 hours, post hoc probabilities of
injury over a season were determined using the following equation:
(𝜆𝑡)𝜅 𝑒 −λ𝑡
Ρ(𝜅) =
, for κ = 1, 2, 3 …
𝜅!
The equation shows the Poisson distribution model for youth football injury
probability, where 𝜅 is the total number of injuries occurring in a squad of players and
total time of match play exposure over a single season, t is the time-interval in hours, e
is the base of the natural logarithm (e = 2.71828…), 𝜅! is the factorial of ′𝜅’ and λ𝑡 is
the injury incidence multiplied by length of exposure. For a detailed description of the
Poisson injury distribution model the reader should refer to the work of Parekh et al.
(2012). The Poisson distribution for injury probability has previously been employed
in rugby studies (Parekh et al., 2012; Freitag et al., 2015) and can describe the frequency
of injuries occurring that is assuming these injuries occur independently and take place
over time or space (Nevill et al., 2002). Parekh et al. (2012) found that in order to
calculate injury probability incidence rate, duration and number of matches played in a
single season are required. Therefore, to use Poisson distribution for injury probability
it must be assumed that each player within the squad would have a similar risk of
sustaining injury (Parekh et al., 2012). Probability calculations were based on game
duration being between 40 and 90 minutes as per Elite Player Performance Plan (EPPP),
Royal Dutch Football Association (KNVB), Fédération Francaise de Football (FFF)
and Union of European Football Association (UEFA) youth regulations (UEFA, 2017),
a conservative 30 matches per season as per EPPP regulations, and injuries being
independent events.
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2.4 RESULTS
Of the 1346 studies found via our electronic and manual searching of the data bases 23
were included in the review. Details of exclusion and reason for exclusion are provided
in Figure 2.0.

2.4.1 Study characteristics
The range of publication dates for the selected studies were 1999 to 2018. Quality
assurance scores for the included research studies ranged between two and five out of
a possible eight (Table 2.1). Of the 23 studies in this review, ten were from England
(Bacon & Mauger, 2017; Bowen et al., 2017; Deehan, Bell & McCaskie, 2007;
Hawkins & Fuller, 1999; Johnson et al., 2009; Merron et al., 2006; Price et al., 2004;
Read et al., 2018a; Renshaw & Goodwin, 2016; Tears, Chesterton & Wijnbergen,
2018), four from the Netherlands (Brink et al., 2010; Bult, Barendrecht & Tak, 2018;
Kemper et al., 2015; van der Sluis et al., 2014) three from France (Le Gall et al., 2006;
Le Gall et al., 2007, Carling & Reilly, 2007; Tourny et al., 2014), two from Sweden
(Timpka, Risto & Björmsjö, 2008; Nilsson, Östenberg & Alricsson, 2016), and one
each from the Czech Republic (Peterson, Chomiak, Graf-Baumann & Dvorak, 2000),
Italy (Bianco et al., 2016) and Turkey (Ergun et al., 2013). Another study included data
from the Czech Republic, France and Germany combined (Junge, Chomiak & Dvorak,
2000). Overall seventeen studies (Bacon & Mauger, 2017; Bianco et al., 2016; Bowen
et al., 2017; Brink et al., 2010; Bult et al., 2018; Deehan et al., 2007; Hawkins & Fuller,
1999; Kemper et al., 2015; Merron et al., 2006; Nilsson et al., 2016; Johnson et al.,
2009; Price et al., 2004; Read et al., 2018a; Renshaw & Goodwin, 2016; van der Sluis
et al., 2014; Tears et al., 2018; Tourny et al., 2014) examined professional academy
youth players with three (Ergun et al., 2013; Le Gall et al., 2006; Le Gall et al., 2007)
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investigating national teams. The remaining studies collected data on highly skilled
(Junge et al., 2000; Peterson, et al., 2000) and elite youth players (Timpka et al., 2008).
Twenty studies used a prospective cohort design, collecting data using either
physiotherapists, sports physicians or coaches (Bacon & Mauger, 2017; Bowen et al.,
2017; Bianco et al., 2016; Brink et al., 2010; Deehan et al., 2007; Ergun et al., 2013;
Hawkins & Fuller, 1999; Johnson et al., 2009; Kemper et al., 2015; Le Gall et al., 2007;
Merron et al., 2006; Nilsson et al., 2016; Peterson et al., 2000; Price et al., 2004; Read
et al., 2018a; Renshaw & Goodwin, 2016; van der Sluis et al., 2014; Tears et al., 2018;
Timpka et al., 2008; Tourny et al., 2014) and three studies used a cohort design (Bult
et al., 2018; Junge et al., 2000; Le Gall et al., 2006). Eight studies collected data over
a single season (Bianco et al., 2016; Junge et al., 2000; Kemper et al., 2015; Nilsson et
al., 2016; Peterson et al., 2000; Read et al., 2018a; Renshaw & Goodwin, 2016; Timpka
et al., 2008); the remaining studies collected data over two seasons (Bacon & Mauger,
2017; Bowen et al., 2017; Brink et al., 2010; Hawkins & Fuller, 1999; Price et al.,
2004), three seasons (Bult et al., 2018; Ergun et al., 2013; van der Sluis et al., 2014;
Tourny et al., 2014), four seasons (Merron et al., 2006), five seasons (Deehan et al.,
2007), six seasons (Johnson et al., 2009, et al., 2009; Tears et al., 2018) and ten seasons
(Le Gall et al., 2006; Le Gall et al., 2007). In total, data from 71 playing seasons were
analysed in our review (Table 2.2).
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Table 2.2 Summary of studies on injury characteristics in high-level male youth football.
Reference

Country

Study design

Injury definition

Level of player

Not specified

Professional academy

Consensus statement

Professional academy

Consensus statement

Professional academy

Consensus statement

Professional academy

Consensus statement

Professional academy

Time loss at least 48
hours
Consensus statement

Professional academy

Prospective study cohort

Duration of data
collection
2 seasons
(2012-2014)
1 season
(2013-2013)
2 seasons
(2013-2015)
2 seasons
(2006-2008)
1 season minimum -3
seasons maximum
2013-2016
5 seasons
(1999-2004)
3 seasons

Bacon & Mauger (2017)

Great Britain

Prospective study cohort

Bianco et al. (2016)

Italy

Prospective study cohort

Bowen et al. (2017)

Great Britain

Prospective study cohort

Brink et al. (2010)

Netherlands

Prospective study cohort

Bult et al. (2018)

Netherlands

Cohort study

Deehan et al. (2007)

Great Britain

Prospective study cohort

Ergün et al. (2013)

Turkey

Hawkins & Fuller
(1999)
Johnson et al. (2009)
Junge et al. (2000)

Great Britain

Prospective study cohort

1994-1997

Professional academy

Prospective study cohort
Cohort

2001-2007
1 year

Kemper et al. (2015)

Great Britain
Czech Republic, France,
Germany
Netherlands

Time loss at least 24
hours
Not specified
Time loss at least 1 week

Prospective study cohort

Consensus statement

Professional academy

Le Gall et al. (2007)

France

Prospective study cohort

France

Cohort study

Merron et al. (2006)

Great Britain

Prospective study cohort

Nilson et al. (2016)

Sweden

Prospective study cohort

Time loss at least 48
hours
Time loss at least 48
hours
Time loss at least 48
hours
Consensus statement

National team

Le Gall et al. (2006)

1 season
(2012-2013)
10 seasons
(1995-2005)
10 seasons
(1993-2003)
4 seasons

Peterson et al. (2000)

Czech Republic

Prospective study cohort

Time loss at least 1 week

High skill level

1 season
(2013-2014)
1 year

National team

Professional academy
High skill level

National team
Professional academy
Professional academy
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Price et al. (2004)

Great Britain

Prospective study cohort

Read et al. (2018)

Great Britain

Prospective study cohort

Renshaw & Goodwin
(2016)
Tears et al. (2018)

Great Britain

Prospective study cohort

Great Britain

Prospective study cohort

Timpka et al. (2008)

Sweden

Prospective study cohort

2 seasons
(1999-2001)
1 season
(2014-2015)
1 season
(2012-2013)
6 seasons
(2009-2015)
1 season

Tourny et al. (2014)
Van der Sluis et al.
(2014)

France
Netherlands

Prospective study cohort
Prospective study cohort

3 seasons
2002-2007

Time loss at least 48
hours
Time loss at least 48
hours
Consensus statement

Professional academy

Consensus statement

Professional academy

Medical attention and/or
incomplete match and/or
missing next match
Not specified
Consensus statement

Elite

Professional academy
Professional academy

Professional academy
Professional academy

2.4.2 Injury definition

In 2006 Fuller et al. (2006a; 2006b; 2006c) provided a consensus statement on injury
definition, severity, recurrent injury, match and training exposure for future studies of
football. Ten studies (Bianco et al., 2016; Bowen et al., 2017; Bult et al., 2018; Brink
et al., 2010; Ergun et al., 2013; Kemper et al., 2015; Nilsson et al., 2016; Renshaw &
Goodwin, 2016; van der Sluis et al., 2014; Tears et al., 2018) reported using the
consensus statement definition for time loss injuries (Table 2.2). Six studies (Deehan
et al., 2007; Le Gall et al., 2006; Le Gall et al., 2007; Merron et al., 2006; Price et al.,
2004; Read et al., 2018a) used 48 hours and one (Hawkins & Fuller, 1999) used 24
hours. A single study (Timpka et al., 2008) used medical attention, defining injury as
inability to complete a match or missing subsequent session. Two studies (Junge et al.,
2000; Peterson et al., 2000) used one week without being able to train or play matches,
while a further three studies (Bacon & Mauger, 2017; Johnson et al., 2009; Tourny et
al., 2014) did not specify the duration of time loss. No studies defined ‘overuse
injuries’; where possible we pooled injuries that could be classified as overuse or
growth related (Brukner & Khan, 2012).

2.4.3 Probability of injury
Seventeen studies (Bacon & Mauger, 2017; Bianco et al., 2016; Bowen et al., 2017;
Brink et al., 2010; Ergun et al., 2013; Hawkins & Fuller, 1999; Johnson et al., 2009;
Kemper et al., 2015; Le Gall et al., 2006; Le Gall et al., 2007; Merron et al., 2006;
Nilsson et al., 2016; Peterson et al., 2000; Renshaw & Goodwin, 2016; van der Sluis et
al., 2014; Tears et al., 2018; Tourny et al., 2014) reported match injury rates as per 1000
player hours (Table 4). The highest injury probability (96%) was found for an under15 age group and lowest (1%) under-9 (Renshaw & Goodwin, 2016). The probability
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of the youngest (under-9 to under-13 age groups) high-level players sustaining an injury
over one season ranged from 1% to 39% (Tourny et al., 2014; Renshaw & Goodwin,
2016); for under-14 to under-16 age group footballers, the range was larger 13% to 96%
(Renshaw & Goodwin, 2016); and for under-18 and under-21 age group 23% (Bacon
& Mauger, 2017) to 85% (Tourny et al., 2014), higher than the youngest age groups.
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Table 2.3 Injury incidence synthesis for high-level youth football players.
Reference

Bacon &
Mauger
(2017)
Bianco et
al. (2016)

Bowen et
al. (2017)
Brink et
al. (2010)
Bult et al.
(2018)

Age
(years)

Number
of
players

Number
of
injuries

Exposure
(hours)

Injury incidence per 1000 hours

Ratio
(Ratio of injuries per
1000 hours of matches
to injuries per 1000
hours of training)

Game
duration
(minutes)

Average
probability
of injury
to player
in a
typical
season
(%)

90

23

U18U21

41

85

8054.4

Training
3.72 (2.7, 5.1)

Matches
5.84 (4.4, 7.8)

Overall
10.55 (8.5, 13.1)

1.57

U13U20
U17U20
U13U16
U18U21
U18

77

107

83.760

1.15 (0.9, 1.4)

2.84 (18.8, 4.3)

1.28 (1.0, 1.6)

2.47

23
54

35
72

1.13a
1.16a

4.3a
2.2a

1.4 (1.0, 1.9)
1.22 (1.0, 1.5)

3.81
1.9

80-90

32

38

7.9a

33.5a

21.1 (15.4, 29.0)

4.24

90

78

53

320

6.70

6.74a

26.65a

3.95

90

70

U12U19
U19
U17
U16
U15
U14
U13
U12

170

620

74358

8.34 (7.7, 9.0)

43
38
53
54
54
50
17

93
119
113
139
84
51
21

13475
11761
13066
11175
11332
9965
3583

6.90 (5.6, 8.5)
10.12 (8.5, 12.1)
8.65 (7.2, 10.4)
12.44 (10.5, 14.7)
7.41 (6.0, 9.2)
5.12 (3.9, 6.7)
5.86 (3.8, 9.0)

10-16

60-90
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Deehan et
al. (2007)
Ergün et
al. (2013)

U9U19

210

658

U17U19
U19
U18
U17

52

29

2390.2

7.4a

30.4a

13.56 (9.4, 19.4)

4.11

80-90

62 -75

52
52
52

10
1
18

772.4
330
1287.8

3.2a
0a
11.9a

53.9a
15.2a
21.5a

13.0 (7.0, 24.2)
3.0 (0.4, 21.3)
14.0 (8.3, 22.2)

16.84
0
1.81

90
90
80

91
50
62

Youth

30

166

4.1 (3.2, 5.3)

37.2 (30.8, 44.9)

9.07

90

81

Johnson
et al.
(2009)
Junge et
al. (2000)

U9U16

292

476

1.44 (1.3, 1.6)

10.5 (9.0, 12.2)

2.23 (2.0, 2.4)

7.29

40-90

19-38

U14U18

U12U18

19
17
42
53
134

233.1
292
323.1
298.3

Kemper
et al.
(2015)
Le Gall et
al. (2007)
Le Gall et
al. (2006)

32
36
65
70
101

3.3a

18.82a

2.5 (1.6, 3.9)
2 (1.4, 2.8)
2 (1.6, 2.6)
2.5 (2.0, 3.2)
5.9 (4.9, 7.0)

5.79

60-90

43 -57

U14

233

588

104850

4.7 (4.3, 5.2)

11.8 (10.1, 13.7)

5.6 (5.2, 6.1)

2.51

80

38

U14U16
U16
U15
U14
U16U18

66

1152

2376000

3.9 (3.6, 4.1)

11.2 (10.1, 12.4)

4.8 (4.5, 5.1)

3.8 (3.3, 4.3)
3.7 (3.3, 4.2)
4.1 (3.7, 4.6)
6.1a

14.2 (12.0, 16.8)
10.4 (8.6, 12.5)
9.5 (7.9, 11.5)
25a

5.2 (4.5, 5.4)
4.6 (4.2, 5.1)
4.9 (4.7, 5.8)
8.07 (7.1, 9.2)

2.87
3.74
2.81
2.32

80
80
80
80

36
43
34
32

4.1

80-90

63-68

Hawkins
a& Fuller
(1999)

Merron et
al. (2006)

112

236

30

Nilson et
al. (2016)
Peterson
et al.
(2000)
Price et
al. (2004)
Read et
al. (2018)
Renshaw
&
Goodwin
(2016)

Tears et
al. (2018)
Timpka
et al.
(2008)
Tourny et
al. (2014)

U19

43

61

10367

5.88 (4.4, 7.9)

15.5 (9.8, 24.6)

6.8 (5.3, 8.7)

2.64

90

50

U16U18
U14U16
U9-19

65

136

323.1

7.9a

38.4a

6.6 (5.6, 7.8)

4.86

80-90

78.48-82

70

126

301.3

7.2a

35a

6.0 (5.0, 7.1)

5.53

70-80

71-75

4773

3805

U1118
U9U18
U18
U16
U15
U12U14
U9U11
U12U18
U17
U16
U15
U20
U19
U17
U16
U15
U14
U13
U12

608

804

181

127

29346.15

2.51 (2.0, 3.2)

8.86 (6.5, 12.0)

4.33 (3.6, 5.2)

3.53

40-90

16-33

20
17
17
59

33
24
26
37

3013.33
4218.27
3953.13
6930.2

6.0 (3.6, 10.0)
1.79 (0.9, 3.8)
2.89 (1.6, 5.2)
3.96 (2.6, 6.0)

29.0 (17.2, 49.0)
32.32 (17.4, 60.1)
80.0 (45.4, 140.9)
3.57 (1.3, 9.5)

11.0 (7.8, 15.5)
5.94 (3.7, 9.6)
6.84 (4.7, 10.1)
5.34 (3.8, 7.4)

4.83
18.06
27.68
0.9

90
80
80
40-80

73
73
96
7-13

68

7

11231.22

0.69 (0.3, 1.5)

0.39 (0.1, 2.8)

0.62 (0.3, 1.3)

0.57

40-60

0.78-1

882

1179.86

1.5a

24.1a

2.5 (2.4, 2.7)

16.07

60-90

52-66

16
9
6
618

2361
3227
3227
U16-U20
477

11.11
10.82
6.69
13.36
13.11
12.48
7.5
9.4

90
90
80
80
80
80
60
60

85
74
66
73
77
68
39
25

58
51
52
52
51
57
53
38

U12-U15
368

6.8 (4.2, 11.1)
2.8 (1.5, 5.4)
1.2 (0.5, 2.7)
3.8a
2.8a
3.6a
2.2a
2.8a
2.3a
2.2a
1a

42.2a
30.3a
24.1a
29.4a
36.7a
28.7a
16.5a
9.4a
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Van der
Sluis et
al. (2014)

U12U14
U14
U13
U12

26

108

5.46

60-70
3.84a
2.80a
1.59a

U = under.
a
Did not provide number of injuries for training or matches separately
95% confidence interval are given in parentheses

15.91a
11.77a
9.34a

70
60
60

43
30
24

2.4.4 Pooled injury incidence
For total exposure (Figure 2.1) the calculated pooled estimate of time loss injury to
high-level youth aged under-9 to under-21 was 5.8 (95% CI 3.4 to 10.0) per 1000 hours
(Bianco et al., 2016; Bowen et al., 2017; Bult et al., 2018; Ergun et al., 2013; Kemper
et al., 2015; Nilsson et al., 2016; Renshaw & Goodwin, 2016; Tears et al., 2018).
Pooled data (Figure 2.2) of injury incidence for high-level youth players aged under-17
to under-21 for total exposure was 7.9 (95% CI 4.4 to 14.5) (Bianco et al., 2016; Bowen
et al., 2017; Ergun et al., 2013; Nilsson et al., 2016; Renshaw & Goodwin, 2016; Tears
et al., 2018) and lower for players under-9 to under-16 at 3.7 (95% CI 1.0 to 13.9) per
1000 hours (Bianco et al., 2016; Bult et al., 2018; Renshaw & Goodwin, 2016). There
was a high degree of heterogeneity between studies (Higgins et al., 2003) i.e. I2 = 99.2%
(under-9 to under-21), 96.8% (older than under 17) and 99.4% (under-9 to under-16).
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Incidence
Study

rate (95% CI)

Bianco et al. (2016)

1.28 (1.06, 1.55)

Bowen et al. (2017)

21.10 (15.35, 29.00)

Bult et al. (2018)

8.34 (7.71, 9.02)

Ergün et al. (2013)

13.56 (9.42, 19.51)

Kemper et al. (2015)

5.90 (4.98, 6.99)

Nilsson et al. (2016)

6.80 (5.29, 8.74)

Renshaw & Goodwin (2016)

4.33 (3.64, 5.15)

Tears et al. (2018)

2.50 (2.34, 2.67)

Overall (I-squared = 99.2%, p<0.001)

5.77 (3.35, 9.95)

1

5

10

25 50

Injury
incidence rate
rate per
hours
Incidence
per1000
1000
hours

Figure 2.1 Heterogeneity of match injury incidence rates between studies for players
aged under-9 to under-21. Weights are from random effects analysis. U = under; CI =
Confidence Intervals.

Incidence
rate (95% CI)

Study
U17 & older
Bianco et al. (2016)
Bowen et al. (2017)
Bult et al. (2018)
Ergün et al. (2013)
Nilsson et al. (2016)
Renshaw & Goodwin. (2016)
Subtotal (I-squared = 96.8%, p<0.001)
.
U16 & younger
Bianco et al. (2016)
Bult et al. (2018)
Renshaw & Goodwin. (2016)
Subtotal (I-squared = 99.4%, p<0.001)
.

1.40 (1.01, 1.95)
21.10 (15.35, 28.99)
8.40 (7.34, 9.61)
13.56 (9.42, 19.51)
6.80 (5.29, 8.74)
11.00 (7.82, 15.47)
7.94 (4.35, 14.49)

1.22 (0.97, 1.54)
11.31 (10.27, 12.47)
3.61 (2.95, 4.41)
3.69 (0.98, 13.86)

1

5 10

25 50

Injury incidence rate per 1000 hours

Incidence rate per 1000 hours

Figure 2.2 Heterogeneity of match injury incidence rates between studies for players
aged under-17 to under-21 and under-9 to under-16. Weights are from random effects
analysis. U = under; CI = Confidence Intervals.
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2.4.5 Incidence of injury
Overall, 17 studies (Bacon & Mauger, 2017; Bianco et al., 2016; Bowen et al., 2017;
Brink et al., 2010; Ergun et al., 2013; Hawkins & Fuller, 1999; Johnson et al., 2009;
Kemper et al., 2015; Le Gall et al., 2006; Le Gall et al., 2007; Merron et al., 2006;
Nilsson et al., 2016; Peterson et al., 2000; Renshaw & Goodwin, 2016; Tears et al.,
2018; Tourny et al., 2014; van der Sluis et al., 2014) reported injury incidence per 1000
hours for both training and matches (Table 2.3). Injuries per 1000 hours of total
exposure were reported by 16 studies (Bacon & Mauger, 2017; Bianco et al., 2016;
Bowen et al., 2017; Bult et al., 2018; Ergun et al., 2013; Johnson et al., 2009; Junge et
al., 2000; Kemper et al., 2015; Le Gall et al., 2006; Le Gall et al., 2007; Merron et al.,
2006; Nilsson et al., 2016; Peterson et al., 2000; Renshaw & Goodwin, 2016; Tears et
al., 2018; Timpka et al., 2008). Injury incidence for all age groups sustained at training
ranged from 0.69 (Renshaw & Goodwin, 2016) to 7.9 (Bowen et al., 2017) injuries per
1000 hours. When injury incidence was measured as total exposure per 1000 hours
these ranged from 0.6 (CI 0.3, 1.3) for under-9 to under-11 age groups (Renshaw &
Goodwin, 2016) to 21.1 injuries per 1000 hours for under-18 to under-21 players
(Bowen et al., 2017). Eight studies gave injury incidence per 1000 hours on players
aged between under-18 to under-21 (Bacon & Mauger, 2017; Bowen et al., 2017; Brink
et al., 2010; Bult et al., 2018; Hawkins & Fuller, 1999; Nilsson et al., 2016; Renshaw
& Goodwin, 2016; Tourny et al., 2014); these ranged from 2.8 (Tourny et al., 2014) to
7.9 (Bowen et al., 2017) for training, 5.8 (CI 4.4, 7.8) to 42.2 (Bacon & Mauger, 2017;
Tourny et al., 2014) for matches and 6.9 (CI 5.6, 8.5) to 21.1 for total exposure per 1000
hours (Bowen et al., 2017; Bult et al., 2018).
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Twelve studies provided injury incidence data on high-level youth players per 1000
hours on under-9 to under-18 age groups (Bult et al., 2018; Johnson et al., 2009; Junge
et al., 2000; Kemper et al., 2015; Merron et al., 2006; Nilsson et al., 2016; Peterson et
al., 2000; Renshaw & Goodwin, 2016; Tears et al., 2018; Timpka et al., 2008; Tourny
et al., 2014; van der Sluis et al., 2014) for training these ranged from 0.69 (CI 0.3, 1.5)
to 7.9 (Peterson et al., 2000; Renshaw & Goodwin, 2016). Where injury incidence was
measured for matches per 1000 hours incidence rates ranged between 0.4 (CI 0.1, 2.8)
for under-9 to under-11 players (Renshaw & Goodwin, 2016) to 38.4 for under-16 to
under-18 age groups (Peterson et al., 2000). Measuring injury incidence per 1000 hours
for total exposure ranged from 0.6 (CI 0.3, 1.3) for under-9 to under-11 age groups
(Renshaw & Goodwin, 2016) to 12.4 (CI 10.5, 14.7) for under-16 players (Bult et al.,
2018). Three studies did not provide data for injury incidence in training, matches or
total exposure (Deehan et al., 2007; Price et al., 2004; Read et al., 2018a).

2.4.6 Severity of injury
Seven studies (Bult et al., 2018; Ergun et al., 2013; Hawkins & Fuller, 1999; Nilsson et
al., 2016; Price et al., 2004; Read et al., 2018a; Tears et al., 2018) defined
minimal/slight injuries as requiring 1 to 3 days recovery time (Table 2.4).
Minimal/slight injuries ranged from 7% (Nilsson et al., 2016) to 55% (Ergun et al.,
2013) [median 32% (Bult et al., 2018; Ergun et al., 2013; Nilsson et al., 2016; Tears et
al., 2018) and 12.5% (Price et al., 2004; Read et al., 2018a)] of all injuries. Two studies
(Le Gall et al., 2006; Le Gall et al., 2007) reported minimal injuries taking 2 to 3 days
to return to training and accounted for 26% (Le Gall et al., 2007) to 31% (Le Gall et al.,
2006) of all injuries reported in the study. Minor/mild injuries defined as needing 4 to
7 days were reported in 9 studies (Bult et al., 2018; Ergun et al., 2013; Hawkins &
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Fuller, 1999; Le Gall et al., 2006; Kemper et al., 2015; Nilsson et al., 2016; Price et al.,
2004; Read et al., 2018a; Tears et al., 2018), ranging from 5% (Ergun et al., 2013) to
31% (Hawkins & Fuller, 1999) [median 26% (Bult et al., 2018; ; Ergun et al., 2013;
Nilsson et al., 2016; Tears et al., 2018) and 26% (Le Gall et al., 2006; Read et al., 2018a;
Price et al., 2004)]. Three studies (Bianco et al., 2016; Merron et al., 2006; Renshaw
& Goodwin, 2016) used a scale of 3 to 7 days accounting for between 7% (Renshaw &
Goodwin, 2016) to 41% (Merron et al., 2006).

Minimal/slight and minor were

combined in one study (Tourny et al., 2014), which resulted in 24% of all recorded
injuries. Seven studies (Bianco et al., 2016; Bult et al., 2018; Ergun et al., 2013; Merron
et al., 2006; Nilsson et al., 2016; Renshaw & Goodwin, 2016; Tears et al., 2018)
classified moderate injuries as lasting up to 8 to 28 days and these injuries varied
between 7% (Ergun et al., 2013) to 67% (Renshaw & Goodwin, 2016) [median 37%
(Bianco et al., 2016; Bult et al., 2018; Ergun et al., 2013; Nilsson et al., 2016; Renshaw
& Goodwin, 2016; Tears et al., 2018)]. Moderate injuries were classified as requiring
7 to 28 days to return to training in five studies (Hawkins & Fuller, 1999; Le Gall et al.,
2006; Price et al., 2004; Read et al., 2018a; Tourny et al., 2014) with ranges of 30%
(Le Gall et al., 2006) to 50% (Tourny et al., 2014) [median 43% (Hawkins & Fuller,
1999; Price et al., 2004; Le Gall et al., 2006; Read et al., 2018b)]. Twelve studies
reported severe injuries and defined them as lasting more than 28 days (Bianco et al.,
2016; Bult et al., 2018; Ergun et al., 2013; Hawkins & Fuller, 1999; Price et al., 2004;
Le Gall et al., 2006; Le Gall et al., 2007; Nilsson et al., 2016; Read et al., 2018a;
Renshaw & Goodwin, 2016; Tears et al., 2018; Tourny et al., 2014) and one study used
>29 days (Merron et al., 2006). Severe injuries varied between 3% (Ergun et al., 2013)
to 32% (Tourny et al., 2014) [median 18% (Bianco et al., 2016; Bult et al., 2018;Nilsson
et al., 2016; Renshaw & Goodwin, 2016; Tears et al., 2018) and 16.5% ( Le Gall et al.,
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2006; Price et al., 2004; Read et al., 2018a)] of all injuries sustained in high-level youth
football. Overall, 11 studies (Bianco et al., 2016; Brink et al., 2010; Johnson et al.,
2009; Kemper et al., 2015; Le Gall et al., 2006; Le Gall et al., 2007; Merron et al., 2006;
Price et al., 2004; Read et al., 2018a; Tears et al., 2018; van der Sluis et al., 2014)
reported the average days lost to injury in youth football, which ranged from 12.5 days
(Johnson et al., 2009) for under-9 to under-16 age groups to 28.7 days (Merron et al.,
2006) for under-18 to under-21 age groups. The pooled median number of days lost to
injury were 15.3 (Bianco et al., 2016; Bowen et al., 2017; Bult et al., 2018; Kemper et
al., 2015; Tears et al., 2018; van der Sluis et al., 2014) and 21.9 (Le Gall et al., 2006;
Le Gall et al., 2007; Merron et al., 2006; Price et al., 2004; Read et al., 2018a).
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Table 2.4 Injury severity absolute and percentage (%) as measured by inability to play
or train, or length of absence from playing high-level male youth football.
Reference
Bianco et al.
(2016)
Bult et al.
(2018)
Ergün et al.
(2013)
Hawkins &
Fuller (1999)
Le Gall et al.
(2007)
Le Gall et al.
(2006)
Merron et al.
(2006)
Nilssen et al.
(2016)
Price et al.
(2004)
Read et al.
(2018)
Renshaw &
Goodwin (2016)
Tears et al.
(2018)
Tourny et al.
(2014)

Minimal/slight

201
(32)
16
(55)
24
(14)
357a
(31)
153a
(26)

4
(7)
357
(10)
118
(15)

173
(22)

Minor/mild
44
(41)
116
(19)
5
(17)
52
(31)
337
(29)
194
(33)
84
(34)
13
(21)
868
(23)
164
(20)
9
(7)
151
(19)
147c
(24)

Moderate
52
(49)
208
(34)
7
(24)
69
(42)
344
(30)
182
(31)
88
(37)
25
(41)
1659
(44)
345
(43)
85
(67)
266
(34)
300
(50)

Severe/major
11
(10)
95
(15)
1
(3)
21
(13)
114
(10)
59
(10)
64b
(27)
19
(31)
858
(23)
177
(23)
33
(26)
188
(24)
159
(26)

a

2-3 days
>29 days
c
< 7 days
Percentages (%) are given in parentheses
b

2.4.7 Injury type
Muscle strain injuries/contractures were reported by 12 studies (Bacon & Mauger,
2017; Bianco et al., 2016; Bult et al., 2018; Deehan et al., 2007; Ergun et al., 2013;
Hawkins & Fuller, 1999; Le Gall et al., 2006; Nilsson et al., 2016; Price et al., 2004;
Read et al., 2018a; Renshaw & Goodwin, 2016; Tears et al., 2018) and ranged from
15% (Le Gall et al., 2006) to 87% (Bianco et al., 2016) [median 37% (Bianco et al.,
2016; Bult et al., 2018; Ergun et al., 2013; Nilsson et al., 2016; Renshaw & Goodwin,
2016; Tears et al., 2018) and 27% (Deehan et al., 2007; Le Gall et al., 2006; Price et
al., 2004; Read et al., 2018a)] of all recorded injuries (Table 2.5). Ligament injuries
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were found in ten studies (Bacon & Mauger, 2017; Bult et al., 2018; Ergun et al., 2013;
Deehan et al., 2007; Hawkins & Fuller, 1999; Le Gall et al., 2006; Price et al., 2004;
Read et al., 2018a; Renshaw & Goodwin, 2016; Tears et al., 2018) and accounted for
1% (Bacon & Mauger, 2017) to 21% (Price et al., 2004) [median 15% (Bult et al., 2018;
Ergun et al., 2013; Renshaw & Goodwin, 2016; Tears et al., 2018) and 19% (Deehan
et al., 2007; Le Gall et al., 2006; Price et al., 2004; Read et al., 2018a)] of injuries
sustained in high-level youth football. Tendon related injuries ranged from 3% (Ergun
et al., 2013) to 13% (Bianco et al., 2016) [median 12% (Bult et al., 2018; Ergun et al.,
2013; Renshaw & Goodwin, 2016; Tears et al., 2018) and 5% (Deehan et al., 2007; Le
Gall et al., 2006; Price et al., 2004; Read et al., 2018a)] of all injuries and were reported
in ten studies (Bianco et al., 2016; Bult et al., 2018; Deehan et al., 2007; Ergun et al.,
2013; Le Gall et al., 2006; Nilsson et al., 2016; Price et al., 2004; Read et al., 2018a;
Renshaw & Goodwin, 2016;Tears et al., 2018). Ten studies (Bacon & Mauger, 2017;
Bult et al., 2018; Ergun et al., 2013; Deehan et al., 2007; Hawkins & Fuller, 1999; Le
Gall et al., 2006; Nilsson et al., 2016; Price et al., 2004; Read et al., 2018a; Tears et al.,
2018) found contusions (including tissue bruising) to be responsible for 7% (Nilsson et
al., 2016) to 31% (Le Gall et al., 2006) [median 21% (Bult et al., 2018; Ergun et al.,
2013; Nilsson et al., 2016; Tears et al., 2018) and 18% (Deehan et al., 2007; Le Gall et
al., 2006; Price et al., 2004; Read et al., 2018a)] of all injuries that occurred in youth
football. Overuse combined with growth related injuries were reported in seven studies
(Hawkins & Fuller, 1999; Price et al., 2004; Le Gall et al., 2006; Deehan et al., 2007;
Bacon & Mauger, 2017; Read et al., 2018a) and joint injuries in four studies (Le Gall
et al., 2006; Price et al., 2004; Read et al., 2018a; Tears et al., 2018) accounting for
between 1% (Hawkins & Fuller, 1999) to 18% (Deehan et al., 2007) and 3% (Tears et
al., 2018) to 32% (Read et al., 2018a) respectively. The remaining injuries consisted
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of fractures (2% to 9%) (Bacon & Mauger, 2017; Hawkins & Fuller, 1999; Le Gall et
al., 2006; Nilsson et al., 2016; Price et al., 2004; Read et al., 2018a; Tears et al., 2018),
lacerations (<1% to 3%) (Hawkins & Fuller, 1999; Price et al., 2004; Read et al., 2018a;
Tears et al., 2018), concussions (<1% to 7%) (Ergun et al., 2013; Tears et al., 2018) and
other/unknown 3% (Read et al., 2018a) to 36% (Bacon & Mauger, 2017).
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Table 2.5 Distribution of injury types absolute and percentage (%) sustained by high-level male youth football players.
Reference
Bacon &
Mauger
(2017)
Bianco et
al. (2016)
Bult et al.
(2018)
Deehan et
al. (2007)
Ergün et
al. (2013)
Hawkins
& Fuller
(1999)
Le Gall et
al. (2007)
Nilsson et
al. (2016)
Price et
al. (2004)
Read et
al.(2018)
Renshaw
&
Goodwin
(2016)
Tears et
al. (2018)

Muscle
strain/contracture
28
(33)
93a
(87)
173
(28)
121
(41)
16
(55)
60
(36)

Ligament
sprain/rupture
1
(1)

78
(13)
40
(14)
4
(14)
33
(20)

Tendon

14
(13)
81
(13)
18
(6)
1
(4)

176
(15)
46
(75)
1141
(31)
162
(22)
58
(46)

192
(17)

767
(21)
136
(18)
20
16)

108
(9)
3
(5)
162
(4)
33
(4)
16
(13)

272i
(31)

175
(20)

103
(12)

Contusion/
haematoma/tissue bruising
17
(20)

Fracture/
dislocation
5
(6)

Laceration

174
(28)
64
(22)
6
(21)
44
(27)

56b
(9)

352
(31)
4
(7)
569
(15)
57
(8)

78
(7)
1
(2)
166
(5)
25
(3)

31
(1)
18
(2)

195
(22)

37
(4)

4
(0.45)

Concussion

Overuse/
growth
3
(4)

Joint
injury

Other/
unknown
30
(36)

54
(18)
2
(7)
7
(4)

5
(3)

2
(1)

4
(0.45)

15
(9)

19
(2)

97c
(11)

192e
(5)
51
(7)

230f
(12)
25h
(32)

69
(3)

130d
(8)
7
(11)
439g
(6)
234
(3)
33
(26)

23
(8)

a

includes cramps, strains
includes other bones injuries
c
includes 25 meniscal lesions, 72 osteochondroses,
d
includes 78 vertebral lesions
e
includes 112 Osgoods-Schlatters disease, 57 Sever’s disease, 23 other overuse
f
includes 79 periostitis, 71 inflammatory synovitis, 48 meniscal tears, 32 capsular tear
g
includes 117 lower back pain, 17 groin/abdominal hernias, 305 other diagnoses
h
includes 7 meniscus tears, 5 periostitis, 13 inflammatory synovitis
i
includes cramps, ruptures, strains
Percentages (%) are given in parentheses
b
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2.4.8 Injury location
Sixteen studies (Bacon & Mauger, 2017; Bianco et al., 2016; Brink et al., 2010; Bowen
et al., 2017; Bult et al., 2018; Deehan et al., 2007; Ergun et al., 2013; Hawkins & Fuller,
1999; Le Gall et al., 2006; Merron et al., 2006; Nilsson et al., 2016; Price et al., 2004;
Read et al., 2018a; Renshaw & Goodwin, 2016; Tears et al., 2018; Tourny et al., 2014)
reported injury location (in Table 2.6) with data extraction not possible with three
studies (Junge et al., 2000; Peterson et al., 2000; Timpka et al., 2008). Injuries to lower
limb were most common, ranging from 72% (Read et al., 2018a) to 93% (Nilsson et al.,
2016), with all sixteen studies in agreement (Bacon & Mauger, 2017; Bowen et al.,
2017; Brink et al., 2010; Bult et al., 2018; Deehan et al., 2007; Ergun et al., 2013;
Hawkins & Fuller, 1999; Le Gall et al., 2006; Merron et al., 2006; Nilsson et al., 2016;
Price et al., 2004; Renshaw & Goodwin, 2016; Read et al., 2018a; Tears et al., 2018;
Tourny et al., 2014; van der Sluis et al., 2014). Pooled consensus study (Bowen et al.,
2017; Brink et al., 2010; Bult et al., 2018; Ergun et al., 2013; Nilsson et al., 2016;
Renshaw & Goodwin, 2016; Tears et al., 2018; van der Sluis et al., 2014) data recorded
85%, and 48-hour injury definition studies (Deehan et al., 2007; Le Gall et al., 2006;
Merron et al., 2006; Price et al., 2004; Read et al., 2018a) 79% of all injuries affected
the lower limbs. Ankle in combination with foot injuries was reported in thirteen
studies (Bacon & Mauger, 2017; Bult et al., 2018; Deehan et al., 2007; Ergun et al.,
2013; Hawkins & Fuller, 1999; Le Gall et al., 2006; Merron et al., 2006; Nilsson et al.,
2016; Price et al., 2004; Read et al., 2018a; Renshaw & Goodwin, 2016; Tears et al.,
2018; Tourny et al., 2014) varying between 10% (Ergun et al., 2013) to 38% (Bacon &
Mauger, 2017) [median 22% (Bult et al., 2018; Ergun et al., 2013; Nilsson et al.,
2016;Renshaw & Goodwin, 2016; Tears et al., 2018) and 29% (Deehan et al., 2007; Le
Gall et al., 2006; Merron et al., 2006; Price et al., 2004; Read et al., 2018a)] of all
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injuries. Knee injuries made up 8% (Nilsson et al., 2016) to 21% (Bianco et al., 2016),
[median 15% (Bianco et al., 2016; Bult et al., 2018; Ergun et al., 2013; Nilsson et al.,
2016; Renshaw & Goodwin, 2016; Tears et al., 2018) and 17% (Deehan et al., 2007;
Hawkins & Fuller, 1999; Le Gall et al., 2006; Merron et al., 2006; Price et al., 2004;
Read et al., 2018a)] of injuries that occurred in youth football and was reported in
fourteen studies (Bacon & Mauger, 2017; Bianco et al., 2016; Bult et al., 2018; Deehan
et al., 2007; Ergun et al., 2013; Hawkins & Fuller, 1999; Price et al., 2004; Le Gall et
al., 2006; Merron et al., 2006; Nilsson et al., 2016; Read et al., 2018a; Renshaw &
Goodwin, 2016; Tears et al., 2018; Tourny et al., 2014). Posterior and anterior thigh
injuries were found in seven studies, accounting for 4% (Bacon & Mauger, 2017) to
21% (Ergun et al., 2013); [median 5% (Ergun et al., 2013; Renshaw & Goodwin, 2016;
Tears et al., 2018)] and 8% (Deehan et al., 2007; Merron et al., 2006; Price et al., 2004;
Read et al., 2018a) and 7% (Merron et al., 2006) to 21% (Renshaw & Goodwin, 2016)
[median 7% (Ergun et al., 2013; Renshaw & Goodwin, 2016; Tears et al., 2018) and
7% (Deehan et al., 2007; Merron et al., 2006; Price et al., 2004; Read et al., 2018a)],
respectively, of all recorded injuries (Bacon & Mauger, 2017; Deehan et al., 2007;
Ergun et al., 2013; Merron et al., 2006; Price et al., 2004; Read et al., 2018a; Renshaw
& Goodwin, 2016). Injuries only defined as upper leg were reported in six studies
(Bianco et al., 2016; Bult et al., 2018; Hawkins & Fuller, 1999; Nilsson et al., 2016;
Tears et al., 2018; Tourny et al., 2014) and were responsible, for 18% (Hawkins &
Fuller, 1999) to 34% (Bianco et al., 2016) [median 9% (Bianco et al., 2016; Bult et al.,
2018; Nilsson et al., 2016)] of injuries within high-level youth football. Groin injuries
(including adductor/pelvis/hip area) were found in fourteen studies (Bacon & Mauger,
2017; Bianco et al., 2016; Bult et al., 2018; Deehan et al., 2007; Ergun et al., 2013;
Hawkins & Fuller, 1999; Le Gall et al., 2006; Merron et al., 2006; Nilsson et al., 2016;
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Renshaw & Goodwin, 2016; Price et al., 2004; Read et al., 2018a; Tears et al., 2018;
Tourny et al., 2014), ranging from 7% (Le Gall et al., 2006) to 33% (Nilsson et al.,
2016) [median 19% (Bianco et al., 2016; Bult et al., 2018; Ergun et al., 2013; Nilsson
et al., 2016; Renshaw & Goodwin, 2016; Tears et al., 2018) and 11% (Deehan et al.,
2007; Le Gall et al., 2006; Merron et al., 2006; Price et al., 2004; Read et al., 2018a)]
of sustained injuries.

Other injuries consisted of finger/hand/arm/shoulder (<1%

(Tourny et al., 2014) to 21% (Merron et al., 2006); [median 5% (Bult et al., 2018;
Nilsson et al., 2016; Renshaw & Goodwin, 2016; Tears et al., 2018) and 4% (Le Gall
et al., 2006; Merron et al., 2006; Read et al., 2018a)], head and neck/cervical spine <1%
to 14%; median 2% (Bult et al., 2018; Ergun et al., 2013; Renshaw & Goodwin, 2016;
Tears et al., 2018) and 2% (Merron et al., 2006; Le Gall et al., 2006; Price et al., 2004;
Read et al., 2018a) and upper body which included sternum/ribs/upper back/mid back
<1% (Merron et al., 2006) to 9% (Le Gall et al., 2006); median 1% (Bult et al., 2018;
Tears et al., 2018) and 2% Deehan et al., 2007; Le Gall et al., 2006; Merron et al., 2006).
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Table 2.6 Distribution of injury location absolute and percentage (%) sustained by high-level male youth football players.
Reference

Ankle
and
foot

Bacon &
Mauger
(2017)
Bianco et
al. (2016)
Bult et al.
(2018)
Deehan et
al. (2007)
Ergün et
al. (2013)
Le Gall et
al. (2007)
Hawkins
& Fuller
(1999)
Merron et
al. (2006)
Nilsson et
al. (2016)
Price et
al. (2004)
Read et
al. (2018)
Renshaw
&
Goodwin
(2016)

32
(38)

162
(26)
165
(27)
3
(10)
377
(31)
41
(27)
66
(28)
12
(20)
1062
(28)
233
(30)
22
(17)

Lower
leg
(include
Achilles)
2
(3)

Knee

Posterior
thigh

Anterior
thigh

14
(16)

3
(4)

6
(7)

12
(11)
55
(9)

2
(7)
60
(5)
15
(10)

19
(18)
103
(17)
102
(17)
3
(10)
176
(14)
17
(11)

17
(7)
4
(7)
375
(10)
34
(4)
7
(6)

46
(19)
5
(8)
644
(18)
161
(21)
22
(17)

Upper
leg

14
(17)
36
(34)
106
(17)

72
(12)
6
(21)

77
(13)
4
(14)
282
(23)
37
(18)

11
(5)

16
(7)
16
(26)

414
(11)
49
(6)
17
(13)

313
(8)
76
(10)
27
(21)

Groin/adductor/
pelvis/hips

23
(21)
142
(27)
57
(9)
8
(28)
82
(7)
26
(17)
34
(14)
20
(33)
476
(13)
69
(9)
17
(13)

Upper
body/sternum/
ribs/upper and
mid back
6
(7)

Finger/hand/
arm/shoulder

Other

Head/neck/
cervical
spine

2
(2)

3
(4)

3
(4)

17a
(16)
6
(1)
42
(7)

33
(5)

108
(9)
6
(4)

119
(10)

1
(0.4)

11
(5)
3
(5)
72
(2)
40
(5)
8
(6)

13
(2)
69b
(11)
1c
(3)
5d
(0.41)
8e
(5)
31f
(13)
1g
(2)
362h
(10)
59i
(8)
6j
(5)

2
(7)
20
(14)
14
(9)
3
(1)

37
(1)
55
(7)
1
(1)
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Tears et
al. (2018)
Tourny et
al. (2014)
a

206
(24)
136
(25)

101
(12)
27
(5)

122
(14)
77
(14)

77
(9)

lower limb
5 illiotibial band
e
pelvis, trunk, lower back
d
thorax, abdomen
e
torso
f
abdomen 14, spine 17
g
lower back, pelvis
h
lumbar spine 162, abdomen26, sacro-iliac joint 26, others
i
lower back 40, abdomen, other
j
lower back 3, abdomen 3
k
lower back, pelvis
l
back 12, trunk 4
Percentages (%) are given in parentheses
b

102
(12)
182
(33)

133
(15)
103
(19)

15
(2)

44
(5)
4
(1)

59k
(7)
16l
(3)

16
(2)

2.4.9 Injury spikes
Six studies (Deehan et al., 2007; Hawkins & Fuller, 1999; Le Gall et al., 2006; Le Gall
et al., 2007; Price et al., 2004; Read et al., 2018a) reported injury spikes that were time
points during the course of a football season when injury occurrence was notably high.
September (end of preparation period) was found to be the prominent month for
sustaining an injury (Deehan et al., 2007; Le Gall et al., 2006; Le Gall et al., 2007; Read
et al., 2018a), although one study observed an injury spike during (August) the
preparation period (Price et al., 2004). Three studies (Le Gall et al., 2007; Price et al.,
2004; Read et al., 2018a) recorded injury spikes in season during the winter (January)
and one study towards the end of the season in March (Deehan et al., 2007). A single
study (Hawkins & Fuller, 1999) observed a gradual increase in injuries as the season
progressed with a peak at the end of the season in May.

2.4.10 Mechanism of injury
Three studies (Hawkins & Fuller, 1999; Nilsson et al., 2016; Price et al., 2004) reported
the activity during which the injury occurred (Table 2.7). Running which included very
high speed, high speed and jogging accounted for over a quarter of all injuries in one
study (Nilsson et al., 2016) and only 9% in another (Hawkins & Fuller, 1999). Being
tackled by an opponent was responsible for 7% (Nilsson et al., 2016) to 26% (Hawkins
& Fuller, 1999) of injuries to youth football players. Tackling an opponent or being
kicked was responsible for 7% to 16% (Hawkins & Fuller, 1999; Price et al., 2004) and
5% to 6% (Nilsson et al., 2016; Price et al., 2004) of the total injuries recorded,
respectively.

Situations involving non-contact with an opponent such as,

twisting/turning or landing ranged from 2% to 8% (Hawkins & Fuller, 1999; Nilsson et
al., 2016) and 3% to 7% (Nilsson et al., 2016; Price et al., 2004). Overall, nine studies
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(Bacon & Mauger, 2017; Deehan et al., 2007; Ergun et al., 2013; Nilsson et al., 2016;
Price et al., 2004; Renshaw & Goodwin, 2016; Read et al., 2018a; Tears et al., 2018;
Tourny et al., 2014) reported contact vs non-contact injuries with eight studies (Bacon
& Mauger, 2017; Deehan et al., 2007; Ergun et al., 2013; Nilsson et al., 2016; Price et
al., 2004; Read et al., 2018a; Renshaw & Goodwin, 2016; Tourny et al., 2014) finding
non-contact more common than contact injuries. Non-contact injuries accounted for
between 53% (Ergun et al., 2013) and 72% (Renshaw & Goodwin, 2016) [median 66%
(Ergun et al., 2013; Nilsson et al., 2016; Renshaw & Goodwin, 2016; Tears et al., 2018)
and 66% (Deehan et al., 2007; Price et al., 2004; Read et al., 2018a)] of all injuries
involving youth players from under-9 to under-21 age groups (Table 2.8). Four studies
(Bacon & Mauger, 2017; Deehan et al., 2007; Hawkins & Fuller, 1999; Price et al.,
2004) reported that match play was responsible for the majority of injuries ranging from
51% (Price et al., 2004) to 66% (Bacon & Mauger, 2017) [median 51% (Deehan et al.,
2007; Price et al., 2004)]. However, training was found to account for 34% to 72%
[median 64% (Nilsson et al., 2016; Renshaw & Goodwin, 2016) and 71% (Le Gall et
al., 2006; Le Gall et al., 2007)] of injuries for under-9 to under-21 age groups in nine
different studies (Bacon & Mauger, 2017; Deehan et al., 2007; Hawkins & Fuller, 1999;
Le Gall et al., 2006; Le Gall et al., 2007; Nilsson et al., 2016; Price et al., 2004; Renshaw
& Goodwin, 2016; Tears et al., 2018).
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Table 2.7 Injury mechanisms absolute and percentage (%) in high-level male youth
football.
Injury mechanisms

Running
Tackled/blocking

Reference
Hawkins & Fuller
(1999)
15
(9)
43
(26)

Nilsson et al. (2016)

Price et al. (2004)

17
(26)
4
(7)

14
(8)
26
(16)

1
(2)

736
(19)
585
(15)
291
(8)
274
(7)
264
(7)
244
(7)
244
(7)
158
(4)
145
(4)
137
(4)
115
(3)
71
(2)
45
(1)
44
(1)
35
(1)
33
(1)
14
(0.4)
8
(0.2)
3
(0.1)
362
(10)

Other non-contact
Twisting/turning
Tackling
Kicked/knee
Collision

15
(9)

Passing
Shooting

21
(13)

Stretching
Landing

8
(5)

Falling

3
(5)
2
(3)
1
(2)
6
(10)
2
(3)
4
(7)
5
(8)

Hit by ball
Jumping

1
(1)

Diving
Other contact
Use of elbow
Dribbling
Heading
Not specified
Overuse

4
(2)
11
(7)
8
(5)

10
(15)
10
(15)

Percentages (%) are given in parentheses
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Table 2.8 Distributions of absolute and percentage (%) contact and non-contact injuries
in high-level make youth football.
Reference
Bacon & Mauger (2017)
Deehan et al. (2007)
Ergün et al. (2013)
Nilsson et al. (2016)
Price et al. (2004)
Read et al. (2018)
Renshaw & Goodwin (2016)
Tears et al. (2018)
Tourny et al. (2014)

Contact injury
36
(45)
210
(31)
8
(47)
19
(31)
1165
(34)
385
(38)
36
(28)
315
(46)
226
(36)

Non-contact injury
44
(55)
475
(68)
9
(53)
42
(69)
2281
(66)
499
(62)
91
(72)
377
(54)
408
(64)

Percentages (%) are given in parentheses

2.4.11 Playing Position
Six studies (Bacon & Mauger, 2017; Deehan et al., 2007; Le Gall et al., 2006; Le Gall
et al., 2007; Price et al., 2004; Tears et al., 2018) provided data on injury and playing
position, but data could only be extracted from four studies (Bacon & Mauger, 2017;
Le Gall et al., 2006; Price et al., 2004; Tourny et al., 2014). Only one study (Bacon &
Mauger, 2017) provided positional incidence rates per 1000 hours. Central midfielders
displayed the highest risk of injury (14.22±15.46 per 1000 hours) and lateral
midfielders had the lowest risk of injury (2.15±2.49 per 1000 hours). In the remaining
four studies, goalkeepers sustained the fewest injuries ranging, from 8% to 14% (Le
Gall et al., 2006; Tourny et al., 2014), followed by attacking players 15% to 22% (Price
et al., 2004; Tourny et al., 2014). Midfielders and defenders incurred the highest
number of injuries, accounting for 37% to 41% (Tourny et al., 2014) and 26% to 44%
(Le Gall et al., 2006; Tourny et al., 2014), respectively.
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2.5 DISCUSSION
The aims of this systematic review were to provide an updated and comprehensive
summary of high-level/elite youth football injuries and to calculate the risk of incurring
an injury over one season. The main findings of this review was that the probability of
high-level youth football players sustaining a time loss injury during a season was 50%
for studies (Bianco et al., 2016; Bowen et al., 2017; Brink et al., 2010; Ergun et al.,
2013; Kemper et al., 2015; Nilsson et al., 2016; Renshaw & Goodwin, 2016; Tears et
al., 2018; van der Sluis et al., 2014) that used the injury consensus statement (Fuller et
al., 2006a; Fuller et al., 2006b; Fuller et al., 2006c). A further aim of our review was
to provide pooled data of injury incidence per 1000 hours for total exposure were injury
definitions permitted (Fuller et al., 2006a; Fuller et al., 2006b; Fuller et al., 2006c). For
players aged under-17 to under-21 pooled injury incidence per 1000 hours was 7.9
(95% CI 4.4 to 14.5) (Bianco et al., 2016; Bowen et al., 2017; Ergun et al., 2013;
Nilsson et al., 2016; Renshaw & Goodwin, 2016; Tears et al., 2018) and for players
from under-9 to under-16 groups, was 3.7 (95% CI 1.0 to 13.9) (Bianco et al., 2016;
Tears et al., 2018). The pooled overall injury incidence per 1000 hours for age groups
from under-9 to under-21 was found to be 5.8 (95% CI 3.4 to 10.0) per 1000 hours
(Bianco et al., 2016; Bowen et al., 2017; Bult et al., 2018; Ergun et al., 2013; Kemper
et al., 2015; Nilsson et al., 2016; Renshaw & Goodwin, 2016; Tears et al., 2018). Of
all injuries reported, between 3% (Ergun et al., 2013) and 32% (Tourny et al., 2014)
[median 18% (Bult et al., 2018; Ergun et al., 2013; Nilsson et al., 2016; Price et al.,
2004; Read et al., 2018a; Renshaw & Goodwin, 2016; Tears et al., 2018) and 23% (Le
Gall et al., 2006; Price et al., 2004; Read et al., 2018a)] were severe, requiring an
absence from training and playing for more than 28 days. In general, the most
frequently occurring injuries resulted in soft tissue damage, with more serious injuries
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such as fractures featuring less. Lower limb injuries were the most common, with those
to the ankle, knee, hip/groin region featuring the most. Running (including sprinting)
and being tackled by an opponent were the most reported injury mechanisms.
Defenders and midfielders were the positions associated with higher injury rates.

2.5.1 Injury incidence, prevalence and severity
To the best of our knowledge, this is the first review that reports on the probabilities of
a high-level youth footballer sustaining an injury over one season (Table 2.3). Playing
youth football over a season was associated with a greater than 50% risk of sustaining
a time loss injury (Bowen et al., 2017; Brink et al., 2010; Ergun et al., 2013; Hawkins
& Fuller, 1999; Kemper et al., 2015; Merron et al., 2006; Nilsson et al., 2016; Peterson
et al., 2000; Renshaw & Goodwin, 2016; Tears et al., 2018; Tourny et al., 2014). Seven
studies also reported a time loss injury probability greater than 70% (Bowen et al.,
2017; Ergun et al., 2013; Hawkins & Fuller, 1999; Nilsson et al., 2016; Peterson et al.,
2000; Renshaw & Goodwin, 2016; Tourny et al., 2014) and two cohorts greater than
90% (Ergun et al., 2013; Renshaw & Goodwin, 2016). Calculating injury risk in the
form of percentage probability has been used previously in rugby (Parekh et al., 2012;
Freitag et al., 2015) with a 6% to 98% risk of injury being reported (Freitag et al., 2015).
Direct comparisons between high-level youth football and youth rugby are not advised.
These sports are very different; however, our results do highlight that playing youth
football at a high-level poses a substantial risk of injury over the course of a typical
season. While injury at senior levels can have negative effects on the team and its
success rate (Eirale et al., 2013; Williams et al., 2016), the impact of injury on
development within high-level football is yet to be established. It could be assumed
that time away from training and matches would likely be associated with impaired
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tactical, technical and physical progress that would be anticipated if the injury had not
been acquired. The effect of injury on a youth player’s development is difficult to
quantify and recognising the risk of injury for a young person participating in youth
football of a high-level is essential for parents, players, coaches and other stake holders.
Communicating injury incidence as a percentage probability can assist in a
comprehensive understanding of the risk associated with high-level youth sports
(Calman, 2002). The high probability of injury in high-level football occurred despite
the introduction of the ‘11+’ injury prevention programme in 2008 (Soligard et al.,
2008). This warm up programme focuses on reducing lower limb injuries by educating
coaches and players on exercise execution and progression to performing the
programme at least twice a week. A narrative review (Bizzini & Dvorak, 2015),
concluded that the ‘11+’ was effective in preventing non-contact injuries in youth
amateur players. More recently, Rössler and co-workers (2018; 2019) using a cluster
randomised controlled trial over a single season, reported the ‘11+ Kids’ for under-9 to
under-13 players reduced football injuries by 50% and health care costs by 51%;
however, the effectiveness of the ‘11+’ and ‘11+ Kids’ remains to be investigated
within high-level youth football. The burden of youth football injury to professional
clubs’ finances and national health care systems also remains unknown.
In the studies reviewed, training was associated with lower rates of injury when
compared to matches, which is consistent with previous reviews (Faude et al., 2013;
Giza & Micheli, 2005), a systematic review (Pfirrmann et al., 2016) and other field
sports (Bathgate et al., 2002; Pierpoint & Comstock, 2017). Similarly, observations on
senior professional players also have shown a reduced injury incidence when training
compared to match play (Ekstrand et al., 2011b ; Waldén, Hägglund & Ekstrand, 2005b;
Waldén, Hägglund & Ekstrand, 2005b). In general, the older aged players [under-18
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and under-21 (Bacon & Mauger, 2017; Bowen et al., 2017; Brink et al., 2010; Ergun et
al., 2013; Hawkins & Fuller, 1999; Merron et al., 2006; Nilsson et al., 2016; Peterson
et al., 2000; Renshaw & Goodwin, 2016)] had the highest rate of injury during training,
which is comparable to the 4.3 to 5.8 per 1000 hours reported for senior professional
players competing in UEFA Champions League, Swedish and Middle Eastern football
leagues (Bengtsson et al., 2013a; Eirale et al., 2013; Waldén et al., 2005b; Waldén et
al., 2005b). Ergun and co-workers (2013) reported a training incidence rate of 0.0 per
1000 hours however, this was most likely due to the data being collected at national
team training camps and limited exposure time (330 hours) for that particular age group.
Match injury rates for under-18 to under-21 (Bianco et al., 2016; Ergun et al., 2013;
Renshaw & Goodwin, 2016) age groups were also similar to those reported in elite
senior players [28.0 (Ekstrand et al., 2011b) to 65.9 (Eirale et al., 2012) per 1000 hours
exposure]. Although it should be noted that the match injury incidence rates per 1000
hours are higher than those reported in past reviews investigating injury in youth
football (Faude et al., 2013; Giza & Micheli, 2005). For younger ages (under-9 to
under-16), injury rates exceeded both the minimum and maximal range for elite senior,
under-18 to under-21 groups (Renshaw & Goodwin, 2016) and also the 4.47 (95% CI,
4.0, 5,2) injuries per 1000 hours reported in amateur boys’ and girls’ football (Rössler
et al., 2016). Players in the younger cohorts would have less tactical knowledge and
may have to rely on a greater physicality during matches, presenting different injury
risks compared to older players (Gastin et al., 2013). Maturation, may partly affect the
findings of similar injury rates between older youth and senior footballers, since most
of these cohorts would have cleared the rapid growth stage, which can cause disruption
to motor control, heightening injury risk (Philippaerts et al., 2006; van der Sluis et al.,
2014). Malina (2010c) found that footballers below 14 years old were at the greatest
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risk of injury due to maturity status, but also the time spent training and playing in
matches. A combination of sport specialisation before puberty (Bridge & Toms, 2013)
and full-time training resulting in faster and stronger players (Barnes et al., 2014;
Bradley et al., 2009) could explain the high injury probability and incidence rates for
high-level youth players. Although growth is relevant for those at peak height velocity
(PHV), its impact on injury seems smaller for the older cohorts (under-18 and older) as
these would have likely cleared the rapid changes in PHV. Monitoring growth related
variables to individualise exposure to systematic training and game play during periods
of rapid physical growth and biological maturity could be beneficial for reducing injury
rates in youth football players (Dvorak et al., 2007; Malina, 2011; Malina et al., 2015).
However, more research is required focusing on the use of longitudinal measures of
growth such as height change velocity or cross-sectional measures of maturation (bone
age) and their relationship with injury rates in youth football.
Increased injury rates have previously been associated with advancing
chronological age in youth football (Le Gall et al., 2006; Peterson et al., 2000; Price et
al., 2004; Read et al., 2018b; Timpka et al., 2008). Information in this review suggests
that injury incidence, whether in training or matches, does not always increase with
chronological age, as reported in a recent systematic review (Swain et al., 2018). Three
studies in our review reported younger age groups having a higher injury incidence per
1000 hours than their older peers at the same club /national team (Renshaw & Goodwin,
2016; Tourny et al., 2014; Ergun et al., 2013). It is possible that younger players
‘playing up’ (i.e., competing against older players with advanced maturity) may have
affected the injury rates reported in these studies (Renshaw & Goodwin, 2016). When
selecting a youth player to ‘play up’, medical and technical staff may consider
discussing the players growth phase and ability to cope against stronger more mature
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players, and if required, implement an individualised periodised training/match plan to
off-set injury risk (Bahr, 2014; Malina et al., 2015). While growth may be associated
with some injuries, it may be that increased physicality and competitiveness are likely
to have greater impact (Price et al., 2004). The strength of evidence for injury incidence
in high-level youth football, however, is limited by the heterogeneity of research design,
sample sizes and injury definitions. Caution should also be exercised when interpreting
injury incidences from the literature, as each club’s training and match selection process
would be unique (Renshaw & Goodwin, 2016) and dependent upon the club principles
of play.
Over two thirds of the studies analysed in this review found that severe injuries
(return to training beyond 28 days) accounted for more than one-fourth of all injuries
[range 3% to 32%; median 18% (Bianco et al., 2016; Bult et al., 2018; Nilsson et al.,
2016; Renshaw & Goodwin, 2016; Tears et al., 2018) and 16.5% (Le Gall et al., 2006;
Read et al., 2018a; Price et al., 2004)] sustained in youth football, in comparison to 16%
reported by Ekstrand et al. (2011b) for senior players. In youth football severe injuries
has been previously reported to make up 23.7% (Rössler et al., 2016) and 10% to 15%
(Faude et al., 2013). One severe injury per season to a high-level football player
represents a minimum of 10% of their development time lost. The potential for
significant time loss through injury in youth football appears to be high, which could
affect training, competing, education and family finances. More research is required to
provide a holistic understanding of the impact of injury on high-level youth players.
Our review included 7953 players with 2346 reported muscle strain injuries, translating
to 27% (median; 48 hours injury definition) to 37% (median; consensus statement) of
all injuries sustained by youth football players, similar to the 31% reported in senior
professional players (Ekstrand et al., 2011b). While the precise locations of these
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muscle injuries are difficult to identify due to varying definitions and research designs,
the regions most affected suggest musculature of the lower leg, hip/groin, posterior and
anterior thigh, which is comparable with professional players (Ekstrand et al., 2011b).
During adolescence, the hip/groin/pelvis region undergoes morphological changes that
may predispose high-level youth players to increased injury risk (Tak et al., 2015). In
the adult literature, hip/groin and hamstring strain injuries have received substantial
attention (Ekstrand, Waldén & Hägglund, 2016; Thorborg et al., 2014; Timmins et al.,
2015; Werner et al., 2009). Studies have shown that it is possible to reduce hamstring
(Petersen et al., 2011) and groin (Harøy et al., 2019; Ishøi et al., 2018) injuries;
therefore, attention should be paid to evidence-based strengthening exercises for these
susceptible regions. Currently, however, little information is available on normative
levels of strength required to avoid injury or other causative factors of hamstring, hip
and groin injuries in youth football. This is despite the fact that hip, groin, hamstring
strain and overuse injury have been linked to chronic maladaptation’s (Fyfe et al., 2013;
Timmins et al., 2014; Sole et al., 2012) that may go onto influence pathology at senior
level (Gabbe et al., 2010) potentially impacting upon player availability and club
finances (Hickey et al., 2014).

2.5.2 Injury occurrences
The preparation (pre-season) periods used in youth football may be too short to
adequately prepare players to with stand the loads placed upon them during the season
(Ekstrand, Spreco & Davison, 2018b), especially since academic assessments may
overlap with the preparation period in youth football. It is also possible that fatigue can
accumulate over the preparation period, as coaches look to push players tactically,
technically and physically without providing sufficient recovery and rest (Price et al.,
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2004; Read et al., 2018a). Differences in physiological recovery ability between
established senior players and younger emerging players transitioning into the senior
squad have been reported (Hunkin, Fahrner & Gastin, 2014). It is possible that new
recruits into high-level youth teams from lower levels of play may inefficiently recover
compared to their more established peers. Little information is available relating to
youth football players or athletes undergoing rapid growth and their ability to recover
fully from training or competition. More attention may be paid to the implementation
of a gradual build-up of training activities during the preparation period alongside
appropriate monitoring of training loads and off-season conditioning. January (Le Gall
et al., 2007; Price et al., 2004; Read et al., 2018a) was also identified as a period of
elevated injury occurrence, which coincides with the Christmas holidays.
Accumulation of fatigue during the first part of the season and a shorter break over the
Christmas period may explain the injury spike in January. In senior football reducing
a winter break from 6.5 to 3.5 weeks was found to increase knee and training injury
incidence rates (Fünten et al., 2014). It was suggested that too little recovery time
promoted lower levels of neuromuscular control, altering biomechanics and increasing
injury (Alentorn-Geli et al., 2009b; Alentorn-Geli et al., 2009a; Cortes et al., 2013).
Regional difference in climate could also be important to considered for youth football
and injury. In the northern hemisphere, it is likely that the shift in climate around this
time may have an impact on player safety. Colder, wetter weather might cause
variations to playing surfaces leading to tougher playing and training conditions, adding
to injury risk (Orchard, 2002). Ekstrand et al (2018b) found that teams training and
playing in northern Europe had a higher overall injury incidence than teams located in
southern Europe. However, it is also possible that periods of total inactivity or
insufficient stimulus may lead to de-training and then when footballers are exposed to
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large jumps (spikes) in training loads post-winter break they do not cope well and break
down. It may therefore be important that coaches and support staff understand the
principles of volume and intensity within a football context. More research is needed
on the effects and time scale of de-training and off-season conditioning of youth
players.

2.5.3 Injury mechanisms and consequences
When all of the studies were analysed according to injury definition [i.e., 48 hours
(Deehan et al., 2007;Price et al., 2004; Read et al., 2018a) consensus statement], noncontact injuries accounted for 66% of all injuries independent of definition. Two
studies observed that running (including sprinting) was the most injurious activity
within high-level youth football (Nilsson et al., 2016; Price et al., 2004). Given that
non-contact injuries may be regarded as preventable, training strategies to address these
issues should be considered for youth players. These preventive strategies should focus
on the ankle, knee and hip of high-level youth football players. Evidence to support
such approaches to physical preparation is available in recent meta-analyses (Faude et
al., 2017; Steib et al., 2017) suggesting that 10-15 minutes, 2-3 times weekly of
neuromuscular training activities would be sufficient to reduce non-contact injuries by
45%. Faude et al. (2017) also reported larger effect sizes (g = 0.34 - 1.18) in studies
that used high-level players, although these results should be carefully interpreted
especially since CI overlapped. More research into appropriate exercise selection and
timing (before or after training) for injury prevention with a specific focus on high-level
youth athletes is required. Time lost to injuries in studies included this review varied
between from 5% (Johnson et al., 2009) to 11% (Merron et al., 2006) of the youth
season, similar to that reported for elite senior football (Ekstrand et al., 2011b).
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Ekstrand et al. (2011b) found that a senior player would suffer on average 2.0 injuries
per season. Translating this finding to youth football may cause an absence from
training and playing due to injury of 10% (Johnson et al., 2009) and 22% (Merron et
al., 2006) for under-9 to under-16 and under-18 to under-21 age groups, respectively.
Such time loss to injury could be devastating for high-level youth players, since regular
engagement in training exercises that are designed to improve performance have been
proposed as contributing to achieving elite status (Ward et al., 2007).
However, the professionalization of youth football has meant that many
youngsters in professional high-level youth systems become single sport specialists.
Early specialisation has raised concerns in the sports medicine and exercise science
literature, questioning the benefits of these developmental programmes (Brenner, 2016;
Bergeron et al., 2015; La Prade et al., 2016; Lloyd et al., 2016; Valovich McLeod et al.,
2011). Recently a systematic review found that athletes who had a high-level of single
sport specialisation were at an increased risk of sustaining musculoskeletal overuse
injuries compared with athletes with low [pooled relative risk (RR) ratio: 1.81; 95% CI:
1.26-2.60] and moderate [pooled RR: 1.39; 95% CI: 1.04-1.87] specialisation (Bell et
al., 2018). An article excluded from that systematic review due to age range also
reported a higher number of serious injuries (0.54±0.83) when compared to athletes
who did not (0.23±0.42) focus on a single sport (Wilhelm, Choi & Deitch, 2017). High
training volume (Jayanthi et al., 2015) associated with early specialisation may promote
limited athletic exposure and sampling of other sports, decreasing motor and athletic
development, and increasing injury risk as players transition development cycles
(Mostafavifar, Best & Myer, 2013). Injury occurrence early in youth players career
would heighten the risk of future injury with previous injury being an established injury
risk factor (Hägglund et al., 2006; Waldén et al., 2006). Early occurrence of injury to
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a young footballer could result in low availability for training and matches, limiting
time that the technical staff have to develop players’ tactical, technical and physical
competence and reducing the chances of players securing further contracts. The
negative long-term health consequences of sustaining an injury early in a youth players
career includes degenerative changes (Drawer & Fuller, 2001), suboptimal and/or loss
of neuromuscular function (Fyfe et al., 2013) or career termination (Grimmer, Jones &
Williams, 2000). A youth player injured for the first time may not understand how to
handle loss of identity (Von Rosen et al., 2018), parent, coach and peer performance
expectations (Merkel, 2013) or setbacks within the rehabilitation process. Injuries
could also negatively affect the psychology of the injured player and possibly the whole
squad if the injury was sufficiently traumatic. Reducing physical activity due to injury
may encourage ‘over protection’ from parents, club staff and players’. Such ‘over
protection’ could limit youth players physical ‘robustness’, leaving the player
vulnerable to injury in subsequent development cycles (Malina, 2010a). Further
research is required to investigate the longitudinal impact of injury on the development
of high-level youth football players from a multi-disciplinary perspective.

2.6.0 METHODOLOGICAL CONDSIDERATIONS
2.6.1 Strengths
To date this is the first comprehensive systematic review of its kind to examine all
published data for injury probability, incidence, prevalence, and severity in high-level
youth football that combines the results of analytical studies to strengthen the results.
Given the large number of studies consisting of several teams and the fact that they
examined players across a number of diverse regions, the findings within this
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systematic review could be generalised to youth football players competing at a highlevel of play across Europe.

2.6.2 Limitations
The heterogeneity of injury definitions may explain the large ranges found in injury
incidence rate in matches and training, location, type and severity. Large variations in
injury location may be the result of some studies combining injury categories into
regions such as groin, hip and pelvis and others differentiating hip joint injuries from
groin injuries. This may under or overestimate injuries in these regions, making reliable
comparisons between studies difficult. Reporting injuries using a medical attention
definition (Timpka et al., 2008) may have resulted in a much larger injury rate per 1000
hours than a definition of injuries severe enough to prevent a player from training or
competing in football for 7 days (Junge et al., 2000). Studies using a medical attention
definition have the potential to record injuries with less reliability, clinical importance
and interest, and they may also record a higher number for injuries (Orchard & Hoskins,
2007; Bleakley, Tully & O’Connor, 2011). Only seven studies (Bacon & Mauger,
2017; Bult et al., 2018; Deehan et al., 2007; Hawkins & Fuller, 1999; Le Gall et al.,
2006; Price et al., 2004; Read et al., 2018a) in this review reported injuries that could
be classified as overuse or growth related, but no definitions were provided. Since
players can often train and play on with such an injury (Clarsen et al., 2015), this may
have resulted in under reporting of injuries in some of the articles evaluated in the
present review. The definition, recording and reporting of overuse injuries in highlevel youth football warrants further investigation (Clarsen & Bahr, 2014; Clarsen,
Myklebust & Bahr, 2013). Further evidence in the literature of under reporting of time
loss injuries also exists. Bjorneboe et al. (2011) found that Norwegian medical staff
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working in professional football failed to report around 20% of time loss injuries. More
recently, clinicians collecting injury data for research purposes have also been observed
to significantly affect reported rates of injury (Wik et al., 2019). The individual or team
making the injury diagnosis may be another factor that contributes to variation in injury
incidence reporting. In addition, differences in levels of expertise have been shown to
account for variations of diagnosis outcomes (Finch, Valuri & Ozannw-Smith, 1998).
For the studies included in our review a wide range of personnel were involved in the
reporting process, including physiotherapists, sports physicians and coaches, and it is
possible that these different personnel also introduce a source of bias (Renshaw &
Goodwin, 2016).

To make future injury data comparable in youth football, the

consensus statements by Fuller et al. (2006a; 2006b; 2006c) should be adopted and
followed. Due to a lack of suitable data our review was unable to convert pooled match
incidences into probabilities of injury over one season. We recommend that future
studies should consider reporting the number of injuries sustained in training and match
separately, and the severity, injury type and location as per 1000 hours exposure to
ensure standardisation. Injury burden (the product of severity and incidence (Bahr,
Clarsen & Ekstrand, 2018) should also be reported in future youth football injury
surveillance studies to conform to health care research and allow comparisons with
other sports for the same injury (Bahr et al., 2018). It is clear that many factors, both
internal and external, contribute to injury of high-level youth football players, such as
pitch, maturation status, anthropometric characteristics, strength, speed, previous
injury, age of specialisation, match selection, training process, playing and coaching
style. Future research is needed to address injury prevention for lower-limb injuries,
specifically ankle, thigh, groin and hip, in youth football players. A perceived weakness
of this study may be that it was limited to English language publications only, resulting
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in total 30 papers being excluded. To address this concern, post-hoc, these studies were
reviewed to explore bias as a result of the restriction. Of those 30 papers excluded,
only one paper (Müller-Rath et al., 2006) contained any data of interest, however, the
retrospective study design, meant it failed to meet the inclusion criteria. A lack of
evidence of language bias has previously been reported in other fields of study
(Morrison et al., 2012), potentially strengthening the findings of our review.

2.6.3 Future perspectives
The information gathered in our review demonstrates the need for well-designed injury
prevention programmes to limit the negative effects associated with injury in high-level
youth football. To meet the epidemiological challenges presented by youth football,
routine injury surveillance needs to be improved so it can be used to assist the
developmental needs of youth players.

2.7 CONCLUSION
We found high probabilities of sustaining a time loss injury over one typical high-level
youth football season. Many similarities exist between youth and senior football injury
patterns such as training and matches incidence, prevalence and severity rates. Youth
players lose large portions of their seasonal development potential to injury, with
players seemingly suffering longer absences from training and matches, consequently
affecting health and well-being and possibly burdening club/parent finances and health
care systems.
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Chapter 3.0
Literature review
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3.1 INTRODUCTION
This chapter provides the reader with an overview of the rationale behind the
introduction, aims and structure of the EPPP and the available research surrounding
competition and training demands associated with this programme. The findings from
chapter 2 suggest that academy players were subject to a high prevalence of lower limb
injuries during training and competition.

Furthermore, this chapter assesses the

literature related to the impact of injury on the central nervous system (CNS), lower
limb muscles and development (e.g., skill and well-being) of academy footballers. In
particular, this review focuses on the purposes of lower limb strength testing, muscle
strength as a predictor of future injury and association of strength tests with training
and competition-based tasks (i.e., sprinting and COD).

3.2 Elite player performance plan
In reaction to poor English national team performances in the 2008 European
Championship and 2010 World Cup, the English Premier League introduced the EPPP.
The aims of the EPPP were to increase the talent pool available to the national team
and develop efficiency in the money spent on youth development in England and Wales
while reducing the financial costs incurred by professional clubs when importing
players from abroad (Premier League Academy Elite Player Performance, 2012). It
was proposed that by providing young players with high standard coaching, training
facilities, sports science and medical resources, the EPPP objectives would be attained,
bringing the national team’s success (The English Premier League, 2011). The EPPP
identifies those academies that provide the highest level of service via a four-tier
ranking system determined from regular audits; however, clubs are free to up or
downgrade their status. An independent report by Crane in 2017 claimed that 24 clubs
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provide the highest level of service, and therefore operate at tier 1 (Crane, 2017).
Twenty-one clubs compete at tier 2, with 41 clubs appearing to operate with category
3 level academies. It is worth noting, the author declared that no information was
accessible to the public at the time of their publication regarding the number of tier four
academies (Crane, 2017). Currently there remains no formal documentation identifying
how many academies operate at tier 1, 2, 3 or 4. A possible reason for the lack of
disclosure could be to avoid direct comparisons between academies on indices such as
their success in developing professional players for senior professional football. Within
each academy there are three age-based cycles: foundation phase (under-9 years to
under-11 years), youth development phase (under-12 to under-16) and professional
development phase (under-18 to under-23). Based on the EPPP view that player
development is a linear process, each of the development cycles has specified
requirements for contact time depending upon tier level (Table 3.0). One of the most
notable characteristics of the model is that as age advances, so too do the number of
hours assigned for coaching players (Premier League Academy Elite Player
Performance, 2012).
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Table 3.0 Coaching hours assigned to each phase of the EPPP’s development cycles.
Adapted from Premier League Academy Elite Player Performance (2012).
Academy
Tier

Foundation Phase under
9 to 11teams

1

Under-9 four coaching
hours per week

Youth Development
Phase under 12 to 16
teams
Under-12 ten coaching
hours per week

Under-11 eight hours
coaching per week

Under-16 twelve hours
coaching per week

Under-9 three coaching
hours per week

Under-12 six coaching
hours per week

Under-11 five hours
coaching per week

Under-16 twelve hours
coaching per week

Under-9 to -11 three
coaching hours per week

Under-12 four coaching
hours per week

2

3

Under16 six hours
coaching per week
4

N/A

N/A

Professional Development
Phase under18 to 23 teams
14 coaching hours per week
Reducing to 12 for a player
with commitments to the
professional squad
14 coaching hours per week
Reducing to 12 for a player
with commitments to the
professional squad
12 coaching hours per week
for a player with
commitments to the
professional squad

14 coaching hours per week

The designated hours of coaching are suggested by the authors of the EPPP to provide
the developing footballer sufficient exposure to systematic tactical, technical, physical
and psychological training (Premier League Academy Elite Player Performance, 2012).
As a result of these EPPP guidelines, coaching hours have escalated by 126% from
3760 to 8500 (Elite Player Performance Plan, 2011; Read et al., 2018a). It has been
highlighted in the literature that the greater training exposure (i.e., number of hours)
associated with the EPPP increases the physical demands placed on academy
footballers (Read et al., 2018a; Renshaw & Goodwin, 2016).
Academy football typically involves a commitment by players that spans nine
months per year. During this commitment, league games that are specified yearly by
the EPPP must be fulfilled by players in the under-18 and -23 age group teams. Players
of all age groups are expected to train to improve tactical, technical, physical and
psychological qualities, while playing competitively in both youth league and/or cup.
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In addition to the demands of competition and training are players’ educational
obligations and also potential challenges associated with leaving the family home.
Education for under-18 players normally consists of 14 hours per week of teaching.
Players in the under-16 age group and below must undertake 25 hours of education if
they are on a full-time programme at a tier 1 academy. Clubs that operate from tier 2
to 4 must comply with normal schooling regulations; therefore, players would attend
training during the evening. The training time commitments of EPPP recommend that
aspiring footballers ideally undertake 8500 hours deliberate field-based practice during
their academy life (Elite Player Performance Plan, 2011). Yet, to date, research
describing the additional physical demands and their impact spanning the
developmental pathways of young talented footballers at academies are very rarely
published. Knowledge of the increased physical demands, the impact of these demands
on youth football development and training are important since with more time
dedicated to training, academy footballers are more likely to be exposed to greater
injury risk (Price et al., 2004; Read et al., 2018a). The following sections aim to
evaluate the demands of competition, training and focus attention on issues specific to
the three EPPP phases of development.

3.2.1 Demands of competition
Football is characterised by repeated explosive linear and multi-directional intermittent
actions (Anderson et al., 2016; Malone et al., 2015a) over a 90-minute period divided
into 45-minute halves. Since football is a complex sport that involves an unpredictable
environment whilst under fatigue there is a need for coaching staff to understand
competition related physical requirements (Goto et al., 2015). Such understanding can
help coaching/support staff to prepare footballers and plan training schedules. Players
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in the under-9 age group compete in a 7-a-side format with the under-10 and under-11
age groups playing 8- and 9-a-side respectively. From under-12, all older age groups
play 11v11 games. The demands of competitive game play have been extensively
studied with adults, but the literature regarding competitive demands of EPPP games at
various ages is limited (Tierney et al., 2016).
It has been proposed that academy football stresses a combination of energy and
neuromuscular systems (Stølen et al., 2005). This is reflected by the total distances for
outfield players ranging from 5715±2060 m (Harley et al., 2010) to 10893±573 m
(Russell et al., 2015) for under-14 and under-21 players respectively. Most of this time
would be spent walking and jogging at low intensity, supporting the predominant use
of the aerobic energy system. Academy players of all ages also undertake frequent
explosive muscular actions that include sprints, changes of direction, jumps, blocks and
tackles (Jones & Drust, 2007; Russell et al., 2015). Sprint distances (i.e., distance
covered >19.1 km.h-1) covered during matches have been shown to increase with
chronological age from 186±92 m at under 13 to 666±256 m for under-18 players
(Buchheit et al., 2010). More recently, Goto et al. (2015) reported that advanced age
was related to greater high speed (time spent above 6.0 m.s-1) running distance in
footballers aged between under-11 and under-16 years. Distance covered metrics are
descriptive in nature and do not provide objective information into physical
development or capacity of players (Buchheit et al., 2010). These data could be also
confounded by the different duration of games and pitch sizes altered to suit maturation
status. Assessments of individual physical qualities (i.e., strength and speed) are
therefore, more appropriate for the purposes of understanding individuals.
The importance of sprint ability or speed to an academy footballer can be further
demonstrated by the fact that 51% of goals scored in 153 German national league games
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involved either linear or COD sprinting (Faude, Koch & Meyer, 2012). Sprinting has
also been shown to discriminate between elite and sub-elite players (Deprez et al., 2015;
Gissis et al., 2006; Lago-Peñas et al., 2014; Reilly et al., 2000; Vaeyens et al., 2006;
Waldron & Murphy, 2000) and used to assess athletic development (Mujika et al.,
2009). High-speed running or sprinting requires a rapid coordinated cyclic movement
in which large forces are applied to the ground in short periods of time.

The

predominant muscles engaged in an orchestrated effort in high speed running and
sprinting include: quadriceps, knee flexors, gluteal, gastrocnemius and triceps surae
(Handsfield et al., 2017; Pandy et al., 2021; Xie et al., 2020). In addition, greater
normalised muscle volume of hip ADD has been reported to be valuable for sprint
performance (Handsfield et al., 2017) in fifteen NCAA Division 1 sprinters (mean±
SD: age 18±0.6 years; stature 176.8±8.1cm; body mass 68.9±8.5 kg). Groin (i.e., hip
ADD) strength has been suggested to increase the mechanical advantage of the midswing phase, thus producing greater hip extension forces in the late swing to early
contact phases of sprinting (Delp & Maloney, 1993; Neumann, 2010). While, on the
other hand reduced hip ADD strength has been related to higher levels of proximal knee
flexor activity in explosive actions like sprinting in an effort to maintain the required
hip extension (Neumann, 2010; Sugisaki et al., 2010). Collectively, these findings
suggest that greater hip ADD strength can assist in the rapid extension needed during
sprinting and may also mitigate knee flexor strain injury. As already noted in chapter
2, high prevalence of groin, hip and knee flexor injury featured in the youth footballers
that were studied. Currently, there is limited data spanning the academy system that
addresses the association of groin/hip/knee flexor strength assessments and key football
tasks such as sprinting or COD.
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3.3 TRAINING DEMANDS OF EPPP
3.3.1 Training durations of the EPPP
As highlighted earlier and shown in Table 3.0, the introduction of the EPPP has led to
an increase in contact time for players and clubs across all age groups (Elite Player
Performance Plan, 2011). With this increase in contact time dedicated for on-field
coaching comes an increase in the training volume (i.e., load by training duration) that
academy players will be exposed too. Training volumes (i.e., load by training duration)
of academy footballers are rarely reported, however, professional development phase
players in a tier 1 academy completed 320±20 minutes field-based training per week
(Brownlee et al., 2018b) based on data collected over an 8-week period (Figure 3.0),
while a 20% (68 minutes) increase was observed for players of the same age at another
club (Hannon et al., 2021). The same tier 1 academy also observed training durations
for a typical season of 323±29 to 339±25 minutes per week for cohorts aged between
under-12 to under-14 (Hannon et al., 2021).

When considering the EPPP

recommendations for total training contact time, (i.e., tier 1 ages 9 to 14 years 240 to
720 minutes per week and professional phase 840 minutes per week [Table 3.0]), all
studies fall short of reaching these goals (i.e., 34% to 68% less for under-14 to under23 age groups respectively).
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Figure 3.0. Total training time from under-9 to under-21 age groups. Adapted from
Brownlee et al. (2018b).

Despite the published training contact data falling short of the EPPP recommendations,
previous research has (Price et al., 2004; Read et al., 2018a) associated higher training
volume (i.e., training duration) with fulltime academy football, and propose it may in
part explain the higher injury prevalence observed at the older cohorts (i.e., those in the
under-18-year group and older). With this in mind, it is well accepted that injuries
sustained in academy football are most likely a complex combination of a multitude of
internal and external factors and simply goes beyond field-based training load exposure.
While field-based training is critical to the development of tactical and technical skills,
other vital non-football activities such as, strength and injury reduction training can be
of benefit to academy players.
In an effort to improve physical fitness and limit injuries to academy footballers,
many clubs implement a variety of non-football activities for example athletic
development programmes. Non-football activity (Figure 3.1) accounted for 26% of

74

total training time of the four oldest cohorts and only 3% for the remaining ages groups
(Brownlee et al., 2018b). Recently, Read et al. (2018c) observed that academy
practitioners devote a large portion of this non-football activity to injury reduction
protocols (Figure 3.2). In the same study, increasing lower limb and eccentric knee
flexor strength were ranked as being ‘very important’ physical components of injury
reduction strategies by those working in academies (Read et al., 2018c). Despite clubs
within the EPPP system providing injury reduction strategies, there is little available
data concerning lower limb strength for regions commonly injured like the hip/groin
and knee flexor. The limited data that is available provides an unclear picture of the
EPPP since not all development pathways are included.

Figure 3.1 Training distributions for under-9 to under-14 and under-15 to under-21
players in a tier 1 EPPP academy. Adapted from Brownlee et al. (2018b).
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Figure 3.2 The number of reported injury prevention sessions deliver per week within
the EPPP. Adapted from Read et al. (2017).

3.3.2 External training loads within the EPPP
Using training duration (i.e., the time spent training) to monitor the volume of training
that academy footballers are exposed to provides an incomplete picture of the training
activity and intensity involved. To qualify as a tier 1 academy, the EPPP have made
the use Global Positioning Systems (GPS) mandatory to objectively monitor the
volumes and intensities that players are exposed to on a daily basis. These data
concerning academy players’ field-based training loads across EPPP development
cycles are not often published and remain sparse. Of the few studies that did quantify
weekly training load obtained from GPS devices, reports have observed that under-18
to under-21 players cover between 18967±2212 m to 26100±2600 m per week (Bacon
& Mauger, 2017; Hannon et al., 2021; Malone et al., 2015a). Hannon and co-workers
(2021) also reported weekly distances covered ranged from 19900±2200 m to
26200±2500 m for under-12 (n = 15) and under-15 (n = 10) players, respectively. High
speed running and sprinting for these studies represented 1% and 4% of the total weekly
distance (Bacon & Mauger, 2017; Hannon et al., 2021; Malone et al., 2015a). It must
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be noted that between study comparisons are somewhat problematic due to the different
formations used for competitive games, tactical training (Tierney et al., 2016),
frequency of sessions, different methods of on field conditioning, measures of training
loads, coaching and playing styles (Hannon et al., 2021).
Generally, a lack of training data accessible for the professional phase of
development is currently available, with even fewer studies exploring the training
demands of players in the youth development and foundation phases. Moreover, one
study published prior to EPPP inception, suggested that generalisations of the findings
obtained in adults data cannot be made to youth. Specifically, based on a comparison
between 8v8 and 4v4 small sided games, the number of players were not so critical to
the physiological responses and game demands in foundation phase footballers aged
7±1 year’s (Jones & Drust, 2007). Data from that study suggests, those players in the
youngest age groups may respond to training differently to older academy cohorts. One
explanation for the different responses may be a lack of tactical knowledge and lower
skill levels. A limited understanding of positional play might reduce the impact of
players numbers on the physical (i.e. sprinting) demands of football for players in this
development phase (Gastin et al., 2013). However, it is clear that academy footballers
of all ages are exposed to spurts of high intensity actions (e.g. sprinting, jumping and
COD), and also suffer a high injury prevalence in training compared to adults (chapter
2; Bacon & Mauger, 2017; Bowen et al., 2017). It is therefore, important to understand
the physical abilities such as, lower limb strength that underpin explosive football
activities to learn more about how injuries can be reduced across all of the development
phases.

77

3.3.3 Professional development phase
The professional development phase of the EPPP is the final period before a decision
is made by the club to ‘sign’ (e.g., offer a professional contract), making it the most
important stage for both club and player. Academy footballers can be offered a
professional contract at any point during their academy life, but traditionally clubs sign
players towards the end of a players second year as a scholar. Being released by the
club can for most players mean a loss of employment opportunity in football, and a
change of career. For the club, releasing a player presents as a loss of investment for
potentially 10 years of development. There is little data in the literature concerning
how many players are released from academies. Although, a report from around the
time of the EPPP inception suggested that around 420 to 525 out of the 700 scholars
would be released by clubs at the age of 18 years (James, 2010). To improve the
number of players achieving professional status the EPPP provided clubs with guidance
on the number of contact hours, facilities, medical and sports science/conditioning
provisions for this particular development phase.
The EPPP recommends that during the professional development phase,
footballers should be exposed to a maximum of 14 hours of coaching per week
translating to 3.5 hours per day, based on a four-day training week. Players in the
under-18 squad would normally consist of a mixed cohort of first and second-year
scholar’s, which is a combination of two separate school years. Vulnerability of under18 players to injury has been previously reported with continental amateur (Peterson et
al., 2000), international (Junge et al., 2000) and academy players (Price et al., 2004).
Similarly, progressing from the youth development to professional phase was
associated with a 2~fold increase of injury per 1000 hours of total football exposure
(Renshaw & Goodwin, 2016). This increase of injury prevalence was linked with
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exposure to fulltime football were both volume and intensity of training are increased
to the level similar to senior players (Price et al., 2004; Read et al., 2018a).
In support of the link made between increased exposure to injury with greater
training loads, Bowen et al. (2017) found that in (n = 32) tier 1 academy players
(age:17.3±0.9 years; stature 180.0±7.3 cm; body mass 74.1±7.0 kg) accumulated GPSderived loads of 3-weekly accelerations (>9254; Relative Risk [RR] = 3.84), high 4weekly total distance (112, 224-143, 97m; RR = 1.64) and 1-weekly training loads
(474-647 AU [arbitrary units]; RR = 1.65) were significantly associated with increased
the risk of non-contact injury. Despite some reports of training durations falling short
of those initially recommended by the EPPP for players in the professional development
pathway. Footballers in these cohorts do have to withstand substantial external training
and competition loads, which heightens injury risks (Bacon & Mauger, 2017; Bowen
et al., 2017). Given the chronological age of these players it is likely that for some,
skeletal and muscular structures may not be able to deal with the external loads
associated with training and competition leading to similar injury incidences and
severities seen in senior football. Therefore, novel insights may be revealed when
variables other than external training loads (i.e., lower limb strength) in a large cohort
of academy footballers are explored. These data might further justify the use of lower
strength assessments within an academy setting, enable the evaluation of injury
reduction strategies and also inform return to play (RTP) judgements following injury.

3.3.4 Youth development phase
The youth development phase, precedes the professional development phase, the EPPP
recommends as the player progresses from under-12 to under-16 they are exposed to
10 increasing to 12 hours of coaching. Similar to when players transfer from the youth
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to professional development phases, when a player progresses from the foundation
phase to the under 12 age group, there is a increase of injury incidence from 0.62 (CI
0.3, 1.3) to 5.34 (CI 3.8, 7.4) per 1000 hours of total exposure (Renshaw & Goodwin,
2016). As previously noted, the higher injury occurrence may be associated with the
sudden increase of the volume (i.e., training duration) and/or intensity (i.e., high speed
running, sprinting, COD and jumping) of training and match exposure. In addition,
players in this development phase are likely to undergo periods of rapid growth, with
approximately 10% of total adult height being acquired (Beunen & Malina, 2008) and
when combined with the increased exposure to training and competition loads these
might further increase injury prevalence.
Van der Sluis and co-workers (2014) observed an increased predisposition to
injury during rapid increases in height of youth players. In twenty-six Dutch academy
players (age 11.9±0.84 years; stature 157.0±9.1cm; body mass 45.89±9.52 kg), Kemper
et al. (2015) reported that >0.6 cm increase in stature per month was associated with
greater risk of injury. More recent work confirmed the relationship between periods of
rapid growth and injury to players in this development phase (Johnson et al., 2020).
Those players experiencing rapid growth are likely to undergo changes in bone length
leaving them less equipped to coordinate and control their lower limbs (i.e., ‘adolescent
awkwardness’) resulting in altered movement patterns and greater injury risk (Davies
& Rose, 2000; Malina, 2010b). These rapid periods of growth can also cause an
imbalance of longitudinal bone and the musculotendinous unit, which results in joints
becoming ‘stiff and tight’ (Kidd, McCoy & Steenbergen, 2000). Lower limb structures
would then be more sensitive, reducing the capacity of muscle, bone, cartilage, tendon
and ligaments to deal with repetitive training and competition loads. Given the issues
for players in this development pathway that includes potential for rapid growth, high
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training exposure (Brownlee et al., 2018b) and injury prevalence (chapter 2), it would
be of practical importance to understand the seasonal variation of lower limb strength
scores in regions sensitive to injury (Hodgson et al., 2015; Jones et al., 2019). Such
information would better inform strength training prescription and exercise selection
for injury reduction and athletic enhancement regimes of academy players in this
pathway.

3.3.5 Foundation phase
The foundation phase includes under-9 to under-11-year-old players, and marks the
beginning of the EPPP pathway to senior football. Academy players in this phase can
be coached for 4 to 8 hours per week, equivalent to between 144 to 288 hours per
season. Few studies have investigated injury prevalence and incidence in academy
players aged under-9 to under-11. Prior to the EPPP, Price and colleagues (2004)
recorded injuries over a two-year period, but failed to investigate the relationship with
exposure time. They reported that players of foundation phase age sustained the lowest
number of injuries compared to their older academy peers. A more recent study
examined injury occurrence at a single tier 1 EPPP academy and found that under-9 to
under-11 players had the lowest incident (0.62 [CI 0.3, 1.3] per 1000 hours of total
exposure) compared to other ages (Renshaw & Goodwin, 2016). A combination of
factors is likely to contribute to the lower injury prevalence reported for players training
and competing in this pathway. For example, few players of the foundation phase age
ranges would be under-going rapid growth, which is often associated with injuries in
academy football (Johnson et al., 2020; van der Sluis et al., 2014). The lower training
volumes (4 to 8 hours) and lower intensity at these ages limit early sports specialisation,
potentially shielding players from repetitive training and competition loads observed in
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the other EPPP phases (Bahr, 2014). To date, few studies that have explored the
physical abilities of academy footballers have included players from this phase. As a
result, an incomplete picture of the physical profiles of academy footballers training
and competing under the EPPP framework has been presented.
To support players through the three EPPP development phases into senior
football, some clubs have been reported to have invested up to £3 million annually
(European Club Association, 2019). Such substantial investments made by these clubs
to develop young talented players, highlights the importance placed on the process and
the value held by the club in producing future talent. The time spent coaching, training
and competing is essential for the development of key skill sets specific to football
(Figueiredo et al., 2009; Ward et al., 2007). Yet, with advanced age a delicate balance
between training/competition exposure and injury exists for those who are responsible
for the development of academy players.
In chapter 2, this programme of research found that a high prevalence of lower
limb injuries was associated with training and competing in academy football, which is
similar for the older cohorts (i.e., under-17 and above) to that found in adult football.
Minimising time lost due to injury is increasingly important not only to increase
exposure to practice, but also limit the transfer of injury to senior levels (Gabbe et al.,
2010). When an injury is sustained at senior level it can have serious implications for
the player. It is therefore important to critically review the literature related to impact
of sustaining a non-contact lower limb injury on the physical systems (i.e., CNS, muscle
strength and morphology) and development (i.e., skill and well-being).
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3.4 THE IMPACT OF PREVOUS INJURY
3.4.1 Pain acute/chronic reorganisation of nervous system
Sustaining a lower limb injury can be acutely painful and develop into chronic pain
with re-injury (Brughelli, Nosaka & Cronin, 2009; Croisier et al., 2002).
Experimentally induced pain has been shown to alter muscle activation, mechanical
behaviour and motor unit discharge, which was explained as a compensatory strategy
to protect structures and limit additional damage (Henriksen et al., 2007; Hug et al.,
2014; Lund et al., 1991). These protective compensatory strategies in response to pain
would translate to reduced strength, agonist activation, increased antagonistic activity,
reduced muscle endurance, altered co-ordination patterns both static and dynamic
(Bourne et al., 2016; Diederichsen et al., 2009). Lower limb injuries (i.e., anterior
cruciate ligament [ACL] rupture) have also been associated with long lasting persistent
deficits in maximum voluntary activation of surrounding skeletal muscles (Urbach &
Awiszus, 2002; Urbach et al., 2001). Even with intensive rehabilitation, voluntary
activation deficits due to athrogenic inhibition are difficult to overcome (Messer et al.,
2020).

In general, the results in the literature propose that pain controls neural

pathways, and can therefore, interfere with activation of motor unit pools. Although it
should be noted that, to date, most of the information concerning pain and the
reorganisation of the CNS has focused on adults and therefore, its translation to youth
cohorts is not confirmed.

3.4.2 Reduced activation and strength
Acute loss of strength due to non-contact lower limb injury that persists chronically has
been reported in the literature (Ernst et al., 2000; Hart et al., 2010; Williams et al.,
2003), yet little information is available on muscle strength defects relating to academy
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footballers.

Initially this decline in strength via motor unit firing rates and/or

recruitment (Webber & Kriellaars, 1997), could serve a purpose in limiting the amount
of pain, tissue loading to the injured region and reducing the potential for additional
damage during subsequent activity (Fyfe et al., 2013).

These compensations in

locomotion may be the CNS’s effort to diminish the risk of re-injury by limiting the
load on the injured limb and over stretching (Opar et al., 2013b; Silder et al., 2008;
Torry et al., 2000). A continued loss of lower limb strength for a sustained duration
may lead to muscle atrophy, alterations in muscle architecture, reduce force generation
and absorption capacities (Hart et al., 2010; Timmins et al., 2016).

These

maladaptation’s if not addressed within rehabilitation processes, might cause
permanent changes to locomotors patterns such as jumping, landing and running
mechanics (Opar et al., 2013c).
Therefore, academy footballers may return to training and competition post
non-contact lower limb injury with loss of muscle strength and disruption in locomotor
control further heightening future injury risk. To date, the majority of research that has
explored the impact of injury on lower limb strength has focused exclusively on adults
(Bourne et al., 2016; Messer et al., 2020; Opar et al., 2013c; Timmins et al., 2016;
Timmins et al., 2017). The information that is obtained from adults may not be
generalisable to academy aged footballers; therefore, research is required to understand
the impact of non-contact lower limb injury to academy footballers and to determine
the impact it may have on the development of muscle strength in regions that are
susceptible to injury. Such data might also assist to establish baseline measures of
lower limb strength that can inform RTP and conditioning practices within an academy
setting.
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3.4.3 Effect of injury on skill levels, league standing and individual well-being
In accordance with the EPPP, academy footballers dedicate a specified number of hours
to deliberate practice per day (depending upon the development cycle) for 10 years in
order to achieve expert skills (Ericsson et al., 1994). Such practice times are difficult
to achieve when recent work suggests that injuries have increased three-fold in academy
football (Read et al., 2018a). If accumulated practice time is reduced as a consequence
of injury this may hinder the tactical, technical and physical progress of academy
footballers. Early findings from Ward et al. (2007) using (n = 203) academy footballers
reported that players considered higher skilled, received greater training exposure and
those with a lower technical ability received less exposure to training. A reduced
exposure to training and competition was also associated with lower levels of technical
proficiency (Table 3.1) and high rates of drop-out from their respective club’s in a
cohort of Portuguese academy footballers (Figueiredo et al., 2009). In support of this
earlier work, a recent survey of (n = 18) academy technical directors found that 61%
believed injury limited the possibility of an academy footballer securing a professional
contract on account of impaired tactical (17%), technical (44%), physical (89%) and
psychological (78%) development (McCall, Dupont & Ekstrand, 2016). Collectively,
this information indicates that time absent from team training and competition can have
a negative effect on player development by reducing structured practice and learning
(Ford et al., 2011). Protecting players from injury by using evidence-based best
practice to maximise their availability to train and compete should be a high priority for
football academies. If the impact of injury incidence and severity are minimised this
could provide the best opportunity for players to develop and reach their potential.
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Table 3.1 Training exposure and football technical qualities (ball control, dribbling,
wall pass and shooting accuracy) of academy footballers whom dropped out, remain or
progress within Portuguese football academies. Adapted from Figueiredo et al. (2009).

Training in
youth
football
Ball control
(number of
hits)
Dribbling
speed (s)
Wall pass
(points)
Shooting
accuracy
(points)

Drop out
(n = 21)
1.8

Under 11 to 12
Remained
Progressed
(n = 54)
(n = 12)
2.7
3.1

Drop out
(n = 15)
4

Under 13 to 14
Remained
Progressed
(n = 36)
(n = 21)
4.3
5.4

15.8

25.4

31.1

36.1

61.8

103.1

16.6

15.8

14.2

14.0

13.3

13.0

17

18

19.7

18.3

21.1

23.4

6.7

6.3

7.3

7.6

8

8.6

Injury can not only be detrimental to tactical and technical qualities, but can also impact
on the development of physical fitness such as, reducing flexibility (Gleim & McHugh,
1997), strength (Sole et al., 2012), aerobic fitness (Rowland, 1994) and repeated sprint
performance (Røksund et al., 2017) amongst multiple other maladaptation’s (Fyfe et
al., 2013). Literature solely related to senior football has observed lower league
positions for teams that sustained a greater number of injuries compared to teams with
a higher injury prevalence (Eirale et al., 2013; Hägglund et al., 2013). Since some
injuries can require surgical procedures, there are also health risks including loss of
functional range of motion and longer-term issues like arthritis that accompany certain
injuries (Fanelli et al., 2014; Swain et al., 2018). For example, ACL rupture has been
associated with an increased likelihood of osteoarthritis (Drawer & Fuller, 2001).
Tissue that is damaged and requires long-term rehabilitation may result in poor sensory
motor control increasing the susceptibility to another injury (Leventer et al., 2016).
These factors have implications for academy players future career and development
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prospects (Drawer & Fuller, 2001; Maffulli et al., 2010; Kuijt et al., 2012); however,
almost all of this information relates exclusively to established senior footballers.

3.4.4 Financial cost of injuries
The consequences of injury are far reaching and are not exclusively detrimental to a
player’s skill development or physical abilities. The financial cost incurred by the
player, their family and the football club for using specialist equipment such as, X-ray
to investigate damage to a bone or Magnetic Resonance Imaging (MRI) to diagnose
injury grade together with cost of treatment and/or rehabilitation can be substantial.
The club might also foot further costs as older academy footballers would still be
collecting a monthly salary, but unable to train or compete, and therefore, not
developing skill sets. In support of this, McCunn et al. (2018) found that two-thirds of
47 applied practitioners working in academy football consider a youth player’s
availability for both training and competing before offering a professional contract. At
the top senior level, a player injured for a month has been estimated to cost around
£440, 600 (Ekstrand, 2013). It is unlikely that injury to a single academy player would
result in such large monthly costs, however, this could impact the potential income from
player sales. More recently, the cost of injury per team to English Premier League clubs
was reported to be approximately £45 million (Eliakim et al., 2020). Although these
figures are likely to exclude the costs of injury within the academy systems. The
prevalence of injuries in academy football (chapter 2) and their association with missed
competition time at senior level is a cause for concern (Gabbe et al., 2010). Given the
potential economic, physical and developmental impact of injury on academy
footballers, further exploration of the causative factors responsible for injury is
justified.
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To mitigate the potential implications of injury within academies and maximise
player development, football clubs invest significant time to injury reduction (Read et
al., 2018c) and athletic development (Brownlee et al., 2018b) protocols. A popular
component of these protocols is lower limb strength (Paul & Nassis, 2015; Read et al.,
2018c). The following section addresses the use of lower limb strength tests within
football academies, their role as a predictor of injury and how strength tests relate with
training and competition-based tasks.

3.5 LOWER LIMB MUSCLE STRENGTH
3.5.1 Lower limb muscle strength testing in academy football
Assessments of lower limb muscle strength within academy football have traditionally
been used to evaluate training interventions (Enright et al., 2015) and to track long-term
development (Emmonds et al., 2016; Paul & Nassis, 2015). However, the standard
method for assessing lower limb muscle function for clinical and sports settings has
been isokinetic dynamometry (Gleeson & Mercer, 1996). To employ isokinetic testing
across an academy would be time consuming, since approximate assessment time is
around 48 to 65 hours for 143 to 196 players based 20 minutes per player (Opar et al.,
2013a). The use of isokinetic dynamometry in an academy setting is further limited by
expense, logistical issues that surround off site access to such equipment, and
familiarisation required to minimise measurement error (Sconce et al., 2015).
Moreover, isokinetic dynamometry studies that have included academy players have
used a seated testing position (Iga et al., 2009), potentially limiting their transfer to
field-based tasks (Croisier et al., 2002).

Therefore, there was need to develop

alternative assessment methods that could provide relevant clinical and performancebased strength data in a reliable, valid, time efficient and cost-effective manner. Recent
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novel field-based testing equipment (e.g. Nordbord(patented) and Force FrameTM Vald
Performance, Albion, Australia) allow practitioners to test large groups of players with
minimal disruption. Despite the growing uptake of these devices (including prototypes)
within research and team sports (Bourne et al., 2020; Drury et al., 2019; Timmins et al.,
2016) there remains limited information available related to academy footballers.
Moreover, few researchers have longitudinally tracked strength across a typical season
of academy football using these novel field-based devices in an effort to better
understand athletic development and variation of strength scores across a season.

3.5.2 Role of muscle strength as a predictor of lower limb injury
Screening to identify football players at an increased risk of future injury is becoming
common place and is an important component of professional sports team’s player
evaluation practices (Bahr, 2016). Identifying academy footballers who are likely to
sustain specific injury or injuries would be advantageous, since this would allow the
prescription of individualised reduction measures to off-set injury risk factors (Bahr,
2016; Ljungqvist et al., 2009). For example, a recent meta-analysis reported large effect
sizes (g = 0.34 to 1.18) for neuromuscular injury reduction training in high-level youth
athletes (Faude et al., 2017), while another meta-analysis observed a 45% reduction of
non-contact injuries when youth athletes performed such programmes 10-15 minutes,
2-3 times per week (Steib et al., 2017).
Muscle strength testing is a commonly used method to screen senior football
players to identify injury risk (McCall et al., 2014), suboptimal muscle strength or
deficits that have been associated with predisposing an individual to lower limb injury
(Bourne et al., 2015; Croisier et al., 2008; Cronström et al., 2016; Crow et al., 2010;
Emery, 1999; Fousekis et al., 2011; Lauersen, Andersen & Andersen, 2018; Opar et al.,
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2015b; Ryan, DeBurca & McCreesh, 2014; Timmins et al., 2015). For example,
isokinetic quadriceps/knee flexor muscle strength (Bakken et al., 2018; Croisier et al.,
2008; Freckleton & Pizzari, 2013) and eccentric knee flexor strength (Bourne et al.,
2015; Opar et al., 2015b) have been associated with acute lower limb muscle and
ligament injuries in senior level invasive field-based sports. Timmins et al. (2016)
using a Nordbord prototype device reported that preseason eccentric knee flexor
strength below 337 N (RR = 4.4; 95% CI 1.1 to 17.5) significantly increased the risk of
knee flexor muscle injury in a large cohort (n = 152; age 24.8±5.1 years; stature
1.80±0.06 m; body mass 76.9±7.5 kg) of elite footballers.
Similarly, low levels of hip ADD (Ryan et al., 2014; Whittaker et al., 2015;
Wollin et al., 2018) and hip ABD (Khayambashi et al., 2016; Nadler et al., 2002;
Shimozaki et al., 2018) strength have been observed to increase lower limb injuries
across sports. Though not all researchers agree since Bakken et al. (2018) cited that a
battery of isokinetic strength screening tests was unable to predict lower limb injuries
in (n = 336; age 26.0±4.4 years; stature 176.8±6.9 cm; body mass 72.2±9.1 kg) elite
footballers competing in the Qatar Stars League. In a study that used 133 male youth
footballers (age 12.7±2.1 years), increased hip extension strength was associated with
a reduction (hazard ratio, 0.3; CI 95% 0.1 to 0.9; p = 0.028) of lateral ankle sprains
(De Ridder et al., 2017). Likewise, Bourne and colleagues (2020) reported a decreased
likelihood of injury when senior football players (n = 204; age 24.5±5.1 years; stature
181.3±6.7 cm) presented with hip ADD imbalance of the dominant limb (odds ratio
[OR] = 0.58; 95% CI: 0.38, 0.90; p = 0.011), higher hip ADD and ABD strength (OR
= 0.71; 95% CI: 0.51, 1.00; p = 0.045) combined with high HAGOS (OR = 0.77; 95%
CI: 0.62, 0.96; p = 0.022) scores. Despite the popularity of muscle strength testing in
professional football (McCall et al., 2014), few studies have focused on the role of
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muscle strength and injury prediction in academy footballers (McCall et al., 2015) with
even less attention paid to the effect of injury on lower limb strength development.

3.5.3 Lower limb muscle strength and its association with competition specific tasks
Given the demands of high-level football and the pace it is played at, it is essential for
an academy football player’s progression that they develop the necessary tactical,
technical, physical and psychological skill sets (Jones et al., 2019; Jones et al., 2020).
Physical qualities including linear sprint and COD have been shown to discriminate
between elite and non-elite youth football players (Deprez et al., 2015; Gissis et al.,
2006; Lago-Peñas et al., 2014; Reilly et al., 2000; Vaeyens et al., 2006; Waldron &
Murphy, 2000). Linear sprinting has also featured in a prominent role for 51% of goals
scored in the German First League (Faude et al., 2012), indicating speed is important
for football players. Another important attribute for a footballer is the ability to rapidly
change direction since these explosive actions have been noted to influence the outcome
of games (Mujika et al., 2009). Strength training programmes are often implemented
to improve both linear sprint and COD abilities in footballers of academy age (Marques
et al., 2013; Sander et al., 2013; Griffiths et al., 2019). Although other factors such as,
technique and perception contribute to sprint and COD performance in football, these
are not easily quantified in an applied setting (Brown, Vescovi & Vanheest, 2004);
however, they do form important trainable components (Gabbett et al., 2006; Polman
et al., 2004). To inform training and physical preparation, monitoring key physical
qualities like sprint, COD ability and strength performance can be useful for tracking
the longitudinal development of talented youth football players (Emmonds et al., 2016).
Yet it is critical that the strength measures used are sports specific.

91

The association between strength and linear sprint/COD abilities have
previously been reported in football (Kuki et al., 2017; Northeast et al., 2017), rugby
union (Wang et al., 2016), rugby league (West et al., 2011), netball (Thomas et al.,
2017) and a variety of other sports (Conlon et al., 2013). For example, Kuki et al.
(2017) reported that maximal strength attained from isometric mid-thigh pull (IMTP)
force-time curves was significantly related to flying 10m to 20m (r2 = 0.83) and 20m30m linear sprint times (r2 = 0.58) in collegiate football players. In support Northeast
et al. (2017) identified that isometric relative peak force attained via an IMTP accounted
for 55% of the variance in linear 20m-sprint performance in senior elite football players.
The existing body of research has predominately focused on one specific performancebased strength measurement (i.e., squat or IMTP) and their individual role within linear
sprints/COD abilities (Kuki et al., 2017; McBride et al., 2009; Wisloff et al., 2004).
Few studies have explored a wider view involving a suite of strength assessments with
a large cohort of academy footballers.
In recent years, strength test batteries, specifically, the countermovement jump
(CMJ), eccentric knee flexor and hip/groin have been included for the purpose of injury
screening for professional sport (Bourne et al., 2020; Engebretsen et al., 2010;
Henderson, Barnes & Portas, 2010; Opar et al., 2013a Venturelli et al., 2011). While
the information obtained from strength screening is used to help reduce injuries, it
remains limited how useful the novel lower limb strength assessments are to explain
training and competition tasks (i.e., sprinting/COD). One study that involved young
footballers (n = 119; age range 11 to17 years; stature range 151.7±7.5 to 177.7±5.8 cm;
body mass index range 17.2±1.2 to 22.9±1.6 kg.m-2) investigated eccentric knee flexor
strength (derived from a prototype similar to a Nordbord) and 20m sprint times
reporting (r = -0.52; 95% CI -0.36 to 0.63) an inverse relationship (Markovic et al.,
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2018). However, the association between eccentric knee flexor strength and COD
performance was not explored.

Eccentric knee flexor strength measured using

isokinetic dynamometry has shown associations with COD ability (Lockie et al., 2012;
Naylor & Greig, 2015). Naylor and Greig (2015) observed a moderate to strong (r2 =
0.61, p <0.01) relationship in nineteen amateur intermittent team sport players (age 22.1
±1.9 years; stature 182.9 ±5.5 cm; body mass 77 ±4.9 kg) between eccentric knee flexor
strength at 180o.s-1 and COD ability. To date, no study has explored associations
between eccentric knee flexor strength derived from Nordbord(patented) individually or in
combination with other strength assessment and linear sprint/COD performance. Given
that strength is highly task and mode specific, and movement tasks performed during
football such as sprinting and COD involve a range of strength abilities during the
execution of different phases of movement. It could be anticipated that collectively, a
combination of strength assessments would better explain performance measures
compared to a single strength test alone.
A CMJ test is another strength assessment that has been used in both youth and
adults (Chamari et al., 2004; Chelly et al., 2010; Henderson et al., 2010; Köklü et al.,
2015; Köklü et al., 2015; Northeast et al., 2017; Venturelli et al., 2011; Vescovi &
Mcguigan, 2008; Wisloff et al., 2004). The relationship between CMJ and sprint
performance has also been extensively studied (Chamari et al., 2004; Chelly et al.,
2010; Emmonds et al., 2019; Köklü et al., 2015; Northeast et al., 2017; Vescovi &
Mcguigan, 2008; Wisloff et al., 2004), but with no clear agreement on the strength of
association. A strong to moderate association (r = -0.63; p = 0.01) was found between
30m sprint time and CMJ in (n = 15) academy footballers (age 16±0.8 years; stature
168.4±4.7 cm; body mass 62.6±7.7 kg) competing in Turkey (Köklü et al., 2015). In
contrast, earlier research using a small sample size (n = 30) of young male footballers
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(age 17.2±0.7 years; stature 1.75±0.04 m; body mass 64.7±6 kg) observed a nonmeaningful correlation between CMJ height and 20m and 30m sprint performance
(Chamari et al., 2004). It should be noted that both studies used small sample sizes
(<30) and players of similar chronological age. The data from those studies provides
an incomplete picture of the relationships between CMJ and sprint performance since
the majority of academy age cohorts were not included. Therefore, further research is
warranted to confirm the associations between CMJ performance and a range of sprint
distances using a larger cohort of academy aged players.
Likewise, the relationship between CMJ and COD ability remains unclear
(Barnes et al., 2007; Köklü et al., 2015; Nimphius, Mcguigan & Newton, 2010; Vescovi
& Mcguigan, 2008). Studies that have explored CMJ and COD performance have been
unable to explain more than 50% of the variance in assessments (Barnes et al., 2007;
Vescovi & Mcguigan, 2008). These findings have been supported by more recent work
using ten female softball players (age18.1±1.6 years; stature 1.66±8.9 cm; body mass
72.4±10.8 kg) were only small to moderate correlations (r = -0.05 to -0.23) between
jump height and agility 505 performance (Nimphius et al., 2010). However, in a study
that used Turkish academy footballers, CMJ and COD abilities were strongly (r = -0.51;
p = 0.01) associated (Köklü et al., 2015). As previously identified, very few studies
have explored a combination of novel field-based strength measures (e.g.
Nordbord(patented) and Force FrameTM Vald Performance, Albion, Australia) and their
relationships with a battery of linear sprint/COD tests. While even fewer studies have
done so using a large sample size of academy footballers that includes all EPPP
development phases. Therefore, given the importance of high-speed movements such
as, sprinting and COD in football, an exploratory analysis is needed to better inform
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researchers and those working within the academy system about the effectiveness of
their assessment and exercise selection.

3.6 CHAPTER CONCLUSIONS
The literature review in this chapter has summarised the current evidence base
surrounding the training and competition demands, the potential negative consequences
of sustaining injury and different uses of lower limb muscle strength tests. Recently,
novel field-based testing devices (e.g. Nordbord(patented) and Force FrameTM Vald
Performance, Albion, Australia) that assess lower limb strength to regions identified as
having a high injury prevalence (i.e., hip/groin and knee flexor) have been developed,
which overcome some limitations of more traditional equipment (O’Brien et al., 2019;
Opar et al., 2013a; Ryan et al., 2018). Using the commonly employed Nordic, hip ADD
and hip ABD exercises; these devices can record maximal eccentric knee flexor and
isometric hip ADD and ABD strength efforts, reliably in a short time period. This ease
and speed of use makes these tests attractive to those working with large groups of
athletes in, for example, football academies. Exploring the individual and collective
relationships between these novel field-based strength testing devices and key
performance tasks using a large cohort of academy footballers is of practical
importance. These data would help to justify their use within academies and assist in
the evaluation of exercise selection, screening, RTP and conditioning protocols to
reduce the prevalence of injury.
Since these novel field-based testing devices assess strength of sites previously
identified in academy football as ‘injury prone’ (i.e., hip/groin and knee flexor) it would
also be important to investigate the impact of injury on these regions (Jones et al., 2019).
In adult cohorts lower limb non-contact injury has resulted in reduced strength
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(Morrissey et al., 2012; Opar et al., 2013b; Opar et al., 2015a), leaving those injured at
greater risk of future injury and potentially behind their peers in terms of football and
physical development. It remains to be seen whether strength deficits are present in
academy footballers that sustain a non-contact lower limb injury, to date this
information is rarely presented in the literature.
Lower limb (hip/groin and knee flexor) muscle weakness is not only a
consequence of previous injury, but a well-established underlying contributor to future
injury in professional football cohorts (Bourne et al., 2020; Timmins et al., 2016).
Previous work using novel field-based strength tests has observed associations between
reduced lower limb strength and future injury (Bourne et al., 2020; Timmins et al.,
2016).

Although when using laboratory-based strength assessments eccentric

hamstring strength was not identified as being associated with subsequent hamstring
injury in a range of athlete cohorts that included professional footballers (Green et al.,
2020; van Dyk et al., 2017). Therefore, it is of practical importance to explore this
relationship in younger cohorts with high injury incidence rates, in an effort to reduce
the burden of injury and improve health, well-being and athletic development.
The overreaching aim of this programme of research is to explore the
associations of lower limb strength, injury, and performance in academy footballers.
To achieve this, the following questions are addressed in chapter 4; (1) Do field-based
lower limb strength tests for hip and groin provide an insight into sprint and change of
direction ability in academy footballers? (2), What is the impact of non-contact lower
limb injuries on strength development in academy footballers across age groups? (3),
Do pre-season lower limb strength scores predict future non-contact injury in academy
footballers? Within these questions the data responds to the recent calls for normative
strength scores of regions (i.e., hip/groin and knee flexor) that are commonly injured
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(Jones et al., 2019), information on how these strength scores vary during an academy
season (Hodgson et al., 2015) and offers a periodic update of reference values for sprint,
COD and jump performance (Gonaus et al., 2019) of academy footballers.
Moreover, using multiple novel-field based strength assessments also addresses
the limitations of studies that have used similar strength testing equipment (Bourne et
al., 2015; Bourne et al., 2020; Opar et al., 2015b; Timmins et al., 2016). The findings
from studies that employ multiple strength tests are anticipated to offer a unique insight
into the relationships of holistic lower limb strength, performance and injury in
academy footballers. Therefore, the data generated from this approach would be novel
in terms of application and cohort assessed (Jones et al., 2019; Jones et al., 2020; Jones
et al., 2021).
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Chapter 4.0
Empirical studies
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4.1 Study 2 Field based lower limb
strength tests provide insight into
sprint and change of direction ability
in academy footballers.
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4.1.1 ABSTRACT
Conducting field-based strength assessments is embedded within football academy
development processes. Yet, there is a limited understanding of how hip and groin
strength assessments relate to vital game-based tasks such as, sprinting and change of
direction (COD) performance. Our aim was to explore field-based strength assessments
and their relationships with both sprint and COD performance in male academy
footballers. Participants (n = 146; age 14.2 ± 2.2 years; stature 166.3 ± 15.4 cm; body
mass 55.6 ± 15.6 kg) performed maximal countermovement jump (CMJ), Nordic
hamstring strength (NHS), isometric hip adductor (ADD)/abductor (ABD), 5m, 10m,
20m sprints and modified 505 agility test. All strength measures were allometrically
scaled to account for body weight. Between limb differences were reported as
imbalance scores. Principal component analysis reduced sprint and COD variables to
a single ‘running ability’ component score. Scaled strength and imbalance, when
controlled for age, were associated with ‘running ability’ (adjusted R2 = 0.78, p <0.001).
Significant effects on ‘running ability’ included: age, CMJ-impulse, NHS and hip
ADD. When the sprint and COD variables were explored independently, age and CMJimpulse featured in all sprint and COD models. For 10m and 20m sprint distances, hip
ADD emerged as a significant effect. Mean 505 performance was explained by age,
CMJ-impulse, hip ADD, but also with the addition of NHS. Our findings suggest that
insight into the underpinning strength qualities of ‘running ability’ of academy
footballers can be obtained from a suite of field-based tests.
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4.2 INTRODUCTION
Worldwide, football academies exist to develop talented young players.

These

academies select aspiring young footballers and prepare them through structured
training and competition for the subsequent development cycles and ultimately,
professional football. For players to transition through these development cycles it is
important that they have sufficient exposure to training and competition so they can
improve on tactical, technical, physical and psychological qualities.

Given their

influence on game outcomes (Mujika et al., 2009), sprinting and change of direction
(COD) are important football fitness components used for talent identification and
development (Le Gall et al., 2010). Underpinning sprinting and COD are strength
qualities that form the basis of regular strength assessments for academy footballers
(Paul & Nassis, 2015). Recently, novel field-based hamstring, hip and groin strength
assessment devices (Nordbord(patented) and Force FrameTM, Vald Performance, Albion,
Australia) have been developed that allow rapid, reliable and valid strength testing
(O’Brien et al., 2019; Opar et al., 2013a; Ryan et al., 2018). Research has previously
reported strength data for academy footballers using these devices (Jones et al., 2020),
but it remains to be seen if these measures provide an insight into sprint or COD
performance in this population. One study, using a replica device, reported an inverse
relationship (r = -0.52; 95% CI = -0.36 to -0.63) between normalised Nordic hamstring
strength (NHS) and 20m sprint time (Markovic et al., 2018) however, that study did
not investigate the association between NHS and COD. The association between
eccentric hamstring strength and COD performance has been supported in the literature
(Jones et al., 2017; Lockie et al., 2012; Naylor & Greig, 2015), but these data are
exclusively centred around adult cohorts and laboratory assessments.
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The countermovement jump (CMJ) has also been an established assessment in
academy football (Köklü et al., 2015; Vescovi & Mcguigan, 2008); however, its
association with sprint performance in football remains unclear, with some studies
reporting meaningful relationships (Köklü et al., 2015; Vescovi & Mcguigan, 2008;
Wisloff et al., 2004) and others finding the opposite (Chamari et al., 2004; Chelly et al.,
2010; Emmonds et al., 2019). Similarly, the relationship between CMJ and COD ability
is also unclear (Castillo-Rodríguez et al., 2012; Chaouachi et al., 2012; Emmonds et
al., 2019; Nimphius et al., 2010; Pereira et al., 2018), with little information relating
specifically to academy footballers. Potential associations between hip adduction
(ADD) and abduction (ABD) strength, have featured to a lesser extent in the sprint and
COD literature, although their involvement has been articulated and evidenced by
imaging studies (Handsfield et al., 2017; Xie et al., 2020). Given the limitations
outlined above, understanding how field-based hip and groin strength exercises relate
to game-based tasks such as sprinting and COD would help to inform those tasked with
physical preparation of academy footballers to develop a strength profile and target
specific individual needs. The aims of our investigation were therefore, (1) to explore
the relationships between a combination of field-based strength assessments with sprint
and COD performance; and (2) present age-group data for all tests.
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4.3 MATERIALS AND METHODS
4.3.1 Participants
All participants invited to volunteer for this study were contracted to one of two English
Premier League academies, attending between 5-7 training sessions and taking part in
one competitive game per week. Descriptive statistics for the participants are provided
in Table 4.1.0. Participants were included in the study if they were available for
unrestricted training and competitive games at the time of testing as determined by
academy medical staff (i.e., club physiotherapists or doctors). One hundred and fortysix out of a possible 169 academy footballers participated in this study. Twenty-three
participants were excluded based on the inclusion criteria. This study was conducted
in accordance with the declaration of Helsinki and approved by the ethics committee of
University of South Wales (18JA0401HR). Parental consent and player assent were
obtained prior to testing.

Table 4.1.0 Anthropometrics (mean ± SD) for 146 professional academy youth soccer
players.
Group
Under-10
Under-11
Under-12
Under-13
Under-14
Under-15
Under-16
Under-18
Total

N
9
13
19
15
17
24
21
28
146

Age (years)
10.2±0.3
11.1±0.4
12.0±0.2
12.9±.03
14.0±0.3
15.0±0.2
15.9±0.3
17.1±0.6
14.2±2.2

Mass (kg)
31.3±4.2
35.6±3.4
41.7±5.4
47.8±7.5
54.9±8.7
62.0±8.5
64.3±7.2
74.5±6.4
55.6±15.6

Stature (cm)
137.9±4.6
145.2±6.2
151.6±5.1
159.9±8.7
168.1±9.1
174.1±8.2
176.2±5.7
181.1±5.7
166.3±15.4
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4.3.2 Experimental design
All testing was carried out over a two-day period at the mid-way point of season
2018/19. On the first day, after a standardised warm-up that consisted of 15-minutes
jogging and dynamic flexibility (Appendix I), players performed a single set of three
maximal repetitions of isometric hip ADD, ABD and bilateral NHS tests. Maximal
NHS and isometric hip strength were defined as the highest score recorded from the
three attempts for each test. No load was added to the Nordic exercise, all players had
previous experience of all strength tests and underwent additional test familiarization
during 6-10 weeks before the start of testing. Day two consisted of performing the
standardised warm up (Appendix I), followed by CMJ tests, 20 meter (m) sprints tests
split at 5m and 10m, along with three trials (per side) of a modified 505 run (Gabbett,
Kelly & Sheppard, 2008). All tests were undertaken on an indoor 3-G surface. To
address order effects, each group of players completed each station in a random order
and, consistent with previous research, rested for 15-minutes between each testing
station (Emmonds et al., 2019). Cleated footwear worn for competitive games and
training was used by all players for sprint and CMJ assessments. All tests were
completed after a rest day and prior to any training to limit fatigue effects.

4.3.3 Nordic hamstring strength
Assessment of NHS was performed using a Nordbord(patented) (Vald Performance,
Albion, Australia), which has previously demonstrated very good reliability ([intraclass
correlation coefficient = 0.83-0.90; typical error, 21.7-27.5 N; typical error as a
coefficient of variation, 5.8% - 8.5%; minimal detectable change at a 95% confidence
level, 60.1-76.2 N] Opar et al., 2013a). As described elsewhere (Opar et al., 2013a),
participants knelt on the Nordbord, with the ankles secured immediately superior to the
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lateral malleolus by individual ankle hooks. Investigators ensured strict adherence to
technique and players received verbal encouragement throughout each repetition to
encourage maximal effort. Eccentric peak and mean hamstring force (N) were recorded
while between limb imbalance ration was converted to a percentage strength imbalance
(Opar et al., 2013a).

4.3.4 Isometric hip strength
Isometric hip ADD and ABD strength was assessed using Force FrameTM (Vald
Performance Albion, Australia) and has been shown to be reliable ([smallest
worthwhile change = 5.0N; CV = 6.6%] Ryan et al., 2018). Players first adopted a
standardised position as described by Ryan et al. (2018), where they lay in a supine
position. For the isometric hip ADD test, the femoral and tibial condyles were
positioned central to the force pads. For the isometric hip ABD test, the lateral femoral
condyle and head of the fibula were central to the outer force pads. To standardise
position, the investigator ensured that all players-maintained contact with the floor, not
raising the legs, tilting the pelvis or lifting their heads. Isometric hip strength was
determined for each leg from the peak and mean force during the best of three
repetitions of 5-seconds (s), with a 10s rest period between efforts (O’Brien et al., 2019;
Ryan et al., 2018). The between limb imbalance for hip ADD and ABD was calculated
as per previous work (Bourne et al., 2020).

4.3.5 Countermovement jump testing
All players were given standardised instructions to stand on the force platform (HUR
Labs Force Platform 3.8.0.2, Finland) with 1s period of quiet standing and then asked
to jump on the command of the investigator. The force platform was calibrated before
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testing using masses that were tracible to national standards. All players performed
three CMJ with 1-minute recovery between repetitions, with hand on hips and squatting
to self-selected depth before immediately extending into a maximal vertical jump. The
highest jump was recorded for the data analysis and jump impulse (CMJ-impulse)
determined post-hoc, so all measures were expressed as force (N).

4.3.6 Sprint testing
The players performed three maximal 20m sprints with 1-minute recovery between
each sprint. Each sprint started 30cm behind the start line from a two-point stance and
was recorded using light gates (Brower Timing System, Salt Lake City, UT, USA) at
5m, 10m and 20m. For all sprints, players were instructed to run as fast as possible all
the way through the timing gates. A flying 10m sprint time was determined by the time
taken to sprint between 10m and 20m light gates, removing the initial acceleration. The
fastest time (s) for 5m, 10m and 20m sprint was used for analysis.

4.3.7 Modified 505 testing
Every trial started 30cm behind the start line from a two-point stance and was timed
using light gates (Brower Timing System, Salt Lake City, UT, USA) at 0m and 5m. As
described by Gabbett et al. (2008), players were instructed to accelerate as quickly as
possible, turn on the line and return through the timing gate. The left, right and mean
time (s) of the two trials was used for analysis.

4.3.8 Control for the effects of body size
To control for the effects of body weight on strength measures an allometric modelling
approach was used based on the recommendations of Nevill and Holder (1995). This
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was preceded by Pearson product moment correlation coefficients to determine the
degree of relationship between body weight and strength variables.

Logarithmic

transformation was performed on each strength variable and body weight. A linear
regression analysis was then applied to the logarithmic transformed data to determine
the regression coefficients. Allometric scaled variables were then obtained using the
following equation:

𝐴𝑙𝑙𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑆𝑐𝑎𝑙𝑒𝑑 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 =

Where BW = body weight (N) and b = coefficient obtained from the regression analysis.

4.3.9 Statistical analysis
Descriptive data are presented as means and standard deviations (SD). All statistical
analyses were performed using JMP V.15.02 Pro Statistical Discovery Software (SAS
Inc., Cart, North Carolina USA) and data screened for the appropriate assumptions.
Body weight was related to all strength measures (R2 range = 0.58 to 0.95, p <0.001).
Following allometric scaling the association was removed (R2 < 0.001; p range = 0.82
to 0.98). Log strength score by log body weight provided the slope using equations that
are displayed in Appendix II.

To reduce the dimensionality of the sprint and COD variables and to encapsulate
a measure of ‘running ability’, principal component analysis (PCA) was used. For an
explanation of PCA for similar purposes, please refer to Bourne et al. (2020). Multiple
regression was used to predict the principal component for ‘running ability’, which
included the allometrically scaled strength measures (i.e., CMJ-impulse, NHS, hip
ADD and ABD forces) and the associated between-limb imbalance scores as the
independent variables, while controlling for age (years). For descriptive purposes only,
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an exploration into the association of all strength and imbalance measures with each
sprint distance (5m, 10m, 20m and flying 10m) and COD (mean score of left and right),
was completed by a series of follow-up multiple regression analyses. To provide
perspective for practice and assist with the interpretation of the findings, decision tree
induction (DTI) was also used. Age-group and all scaled strength measures were
included in DTI to predict the ‘running ability’ component score derived from PCA.

4.4 RESULTS
Descriptive statistics for strength and ‘running ability’ variables are shown by agegroup in Table 4.1.1 and for all age groups combined, see Appendix III.
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Table 4.1.1 Mean ± SD running abilities (5m, 10m, 20m, mean 505 and flying 10m [s]) and strength (allometric [N.BWb-1] and absolute [N]
Nordic, hip adduction, abduction and CMJ-impulse [Ns.BWb-1]) scores for 146 professional academy footballers.
Age
group

Under-10
Under-11
Under-12
Under-13
Under-14
Under-15
Under-16
Under-18
Age
group
Under-10
Under-11
Under-12
Under-13
Under-14
Under-15
Under-16
Under-18

CMJ-impulse
Allometric
(Ns.BWb-1)
0.03±0
0.03±0
0.03±0
0.03±0
0.03±0
0.03±0
0.03±0
0.03±0
Allometric
(N.BWb-1)
0.03±0.01
0.02±0.01
0.02±0.01
0.02±0.01
0.03±0
0.02±0.01
0.02±0.01
0.03±0.01

Absolute
Ns
60.2±12.4
72.8±8.9
94.5±12.3
113.1±27.6
124.9±25.1
155.4 ±22.1
171.5±24.8
201.6±22.6
Hip abduction
Absolute
(N)
78±27
85±29
105±29
106±38
173±40
163±48
201±50
295±64

Nordic hamstring strength
Allometric
(N.BWb-1)
0.29±0.05
0.29±0.04
0.25±0.05
0.24±0.05
0.27±0.03
0.26±0.05
0.29±0.04
0.28±0.04

Absolute
(N)
144±26
168±19
175±45
188±46
255±46
273±55
317±51
369±58

Imbalance
(%)
10±11
8±16
8±19
-1±22
1±12
-3±15
8±16
6±10

5m
(s)
1.22±0.07
1.25±0.06
1.14±0.07
1.08±0.06
1.08±0.09
1.05±0.06
1.02±0.06
0.99±0.06

Imbalance
(%)
5±10
3±12
5±11
5±15
3±11
7±9
2±9
4±11

Hip adduction

Allometric Absolute
(N.BWb-1)
(N)
0.29±0.09
141±46
0.29±0.05
167±30
0.29±0.09
195±50
0.25±0.10
192±57
0.24±0.05
271±44
0.27±0.07
277±67
0.31±0.09
336±80
0.34±0.05
429±52
Running abilities
10m
20m
Mean 505
(s)
(s)
(s)
2.10±0.07
3.6±0.22 2.83±0.06
2.11±0.10 3.65±0.22 2.84±0.11
1.98±0.10 3.57±0.15 2.74±0.14
1.90±0.08 3.33±0.16 2.70±0.13
1.83±0.19 3.27±0.17 2.56±0.08
1.83±0.09 3.25±0.18 2.52±0.06
1.77±0.08 3.08±0.08 2.45±0.12
1.73±0.07 2.98±0.11 2.44±0.07

Imbalance
(%)
-1±11
3±5
2±7
-1±17
7±11
3±7
3±8
4±8
Flying 10m
(s)
1.58±0.21
1.54±0.19
1.59±0.15
1.42±0.08
1.45±0.22
1.38±0.08
1.28±0.06
1.24±0.05

PC
2.96
3.03
1.82
0.46
-0.36
-0.63
-1.85
-2.29

Sprint and COD measures were highly correlated (range r = 0.64 to 0.92; see Appendix
V), justifying the use of PCA to reduce the dataset and form a single variable
representing ‘running ability’. All linear sprint/COD variables were entered and loaded
on 1 principal component (see loading matrix; coefficients ranged from 0.82 to 0.97
[Appendix V]).

4.4.1 Multiple regression analysis
Age, strength and imbalance measures were included in the multiple regression model
to predict the ‘running ability’ component score. The whole model predicted ‘running
ability’ (adjusted R2 = 0.78, p <0.001). Age; scaled CMJ-impulse; NHS and hip ADD
were significant main effects (Table 4.1.2). When the sprint and COD variables were
considered separately, age and allometrically scaled CMJ-impulse predicted 5m sprint
performance (adjusted R2 = 0.59, p <0.0001). Both 10m and 20m sprint times (s) were
predicted by age, allometrically scaled CMJ-impulse and hip ADD (adjusted R2 = 0.59,
p <0.001 and R2 = 0.71, p <0.001, respectively). Mean 505 (COD) performance was
predicted (adjusted R2= 0.70, p <0.001) by age, allometrically scaled CMJ-impulse, hip
ADD and NHS. Finally, flying 10m sprint time was predicted (adjusted R2 = 0.52, p
<0.001) by age alone. Imbalance scores for strength (NHS, hip ADD and ABD) had
little effect on sprint/COD performance, see Table 4.1.2.
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Table 4.1.2 Estimate, standard error and p values for allometrically scaled (Ns.BWb-1; N.BWb-1) and absolute (N) strength qualities for 146
professional academy footballers.
Beta
Intercept
Age
Scaled CMJimpulse
(Ns.BWb-1)
Scaled eccentric
knee flexor
(N.BWb-1)
Knee flexor
imbalance
Scaled hip
adduction
(N.BWb-1)
Hip adduction
imbalance
Scaled hip
abduction
(N.BWb-1)
Hip abduction
imbalance

^1.328

^1.0873

^1.0839

^1.4045

Running ability PC

5m

16.48±1.44;
p <0.0001*
-0.807±0.04;
p <0.0001**
-153.37±40.85;
p = 0.0003*

Mean 505

Flying 10m

1.85+0.083;
p <0.0001**
-0.03±0.002;
p <0.0001**
-9.471±2.365;
p <0.001**

20m
Estimate±Standard error; p value
3.033+0.107;
5.274±0.215;
p <0.001**
p <0.0001**
-0.053±0.003;
-0.106±0.006;
p <0.001**
p <0.001**
-12.67±3.07;
-14.66±6.117;
p <0.001**
p = 0.0182*

3.882+0.119;
p <0.0001**
-0.062±0.003;
p < 0.0001**
-10.968±3.422;
p = 0.0017*

2.239+0.158;
p <0.001**
-0.054±0.005;
p < 0.001**
-1.118±4.468;
p = 0.8028

-5.081±2.54;
p =0.0481

-0.183±0.139;
p = 0.1918

-0.296±0.181;
p = 0.1034

-0.512±0.381;
p = 0.08979

-0.545±0.201;
p = 0.0077*

-0.235±0.278;
p = 0.3993

-0.841±1.45;
p =0.5641
3.982±1.65;
p =0.0175*

-0.086±0.083;
p = 0.3069
0.175±0.094;
p = 0.0640

-0.094±0.108;
p = 0.3843
0.244±0.122;
p = 0.0475

-0.027±0.217;
p = 0.8979
0.557±0.247;
p = 0.0262*

-0.154±0.121;
p = 0.2018
0.285±0.136;
p = 0.0383*

0.086±0.16;
p = 0.5889
0.236±0.181;
p = 01944

1.29±1.69;
p =0.4470
-14.705±17.22;
p = 0.3950

-0.114±0.080;
p = 0.1566
0.099±0.989;
p = 0.9198

-0.078±0.104;
p = 0.4557
-0.056±1.283;
p = 0.9653

0.203±0.253;
p = 0.4254
-2.950±2.579;
p = 0.2550

0.224±0.116;
p = 0.0555
-0.168±1.431;
p = 0.9066

0.22±0.185;
p = 0.2365
-2.221±1.884;
p = 0.2409

1.516±1.06;
p = 0.1578

0.111±0.059;
p = 0.0649

0.136±0.077;
p = 0.0794

0.069±0.159;
p = 0.6665

0.118±0.086:
p = 0.1707

-0.101±0.117;
p = 0.3899

*denotes significance at the level of p <0.05.
** denotes significance at the level of p <0.001.
PC = Principle component

10m

4.4.2 Decision tree induction
The variables that featured in the DTI model in order of contribution were age-group,
scaled CMJ-impulse, NHS and hip ADD (Figure 4.1.0 ). Of note, the fastest group
(‘running ability’ = -3.213±0.262) was characterised by players in the older cohorts
(under-16 and under-18), with scaled CMJ-impulse ≥0.031 Ns.BWb-1, hip ADD ≥0.033
N.BWb-1 and NHS ≥0.307 N.BWb-1. Whereas, the slowest group (‘running ability’ =
3.61±1.23) consisted of under-10 and under-11 players with scaled CMJ-impulse of
<0.030 Ns.BWb-1.
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Figure 4.1.0 Decision tree induction analysis of field-based strength tests for the hip and groin provide insight into sprint and change of direction
ability in 124 academy footballers (1 represents the fastest academy footballers and 11 characterises the slowest players).

4.5 DISCUSSION
The ability of academy footballers to cover short distances and change direction quickly
is an essential component of on-field performance and improving this aspect of
performance is a focus of training. We found that ‘running ability’ was associated with
age, and allometrically scaled strength measures obtained from a suite of field-based
strength assessments, which included scaled CMJ-impulse, hip ADD and NHS. Further
exploration highlighted that scaled CMJ-impulse and hip ADD featured in the sprint
and COD performances.

Nordic hamstring strength contributed solely to COD

performance and muscle imbalances had a little impact on ‘running ability’ in academy
footballers. These findings suggest the underpinning strength qualities that explain
‘running ability’ can be assessed from the suite of field-based assessments examined
here.
Our data suggest that scaled CMJ-impulse score was the major contributor to
‘running ability’ in academy footballers. Previously, moderate to strong correlations
between CMJ and linear sprint performance in high school and collegiate (Vescovi &
Mcguigan, 2008) and academy (Köklü et al., 2015) footballers were reported, in line
with the findings of this study. Linear sprint and CMJ are both characterised by triple
extension movement patterns to impart force for propulsion. The importance of muscle
groups (i.e., gluteal, quadricep, hamstring, and triceps surae) used to rapidly extend the
hip, knee and ankle joints during sprinting (Handsfield et al., 2017) and CMJ (Xie et
al., 2020) has been previously confirmed using magnetic resonance imaging (MRI).
Our data also indicated that when controlled for age, scaled CMJ-impulse contributed
to COD ability, which is also consistent with previous research (Castillo-Rodríguez et
al., 2012; Chaouachi et al., 2012; Emmonds et al., 2019; Pereira et al., 2018). The
coordinated joint flexion to extension sequence of the hip-knee-ankle in the CMJ is
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dominated by the concentric muscles actions, similar to that observed during the pushoff phase of sprinting and during the turn when changing direction (Emmonds et al.,
2019). The present study differed to previous reports (Nimphius et al., 2010; Pereira et
al., 2018) in that the addition of scaled hip ADD strength and NHS increased the ability
of CMJ-impulse to account for COD performance. These findings suggest that a suite
of strength tests measures could be used to gain a more in-depth insight into the
academy footballer’s strength base before decisions about strength training to improve
COD and sprint performance are made.
The current investigation demonstrated a positive contribution of scaled NHS
to speed in academy footballers (Table 4.1.2). Previous research has reported links to
greater NHS and faster sprint performance (Ishøi et al., 2018; Krommes et al., 2017;
Markovic et al., 2018; Mjølsnes et al., 2004; Siddle et al., 2019) and COD (Siddle et
al., 2019). Markovic et al. (2018) found that NHS accounted for 27% of the variance
in 20m sprint performance in youth athletes; possibly the result of architectural force
generating and muscle volume adaptations connected with NHS training (Bourne et al.,
2017). Scaled NHS did not feature significantly in any of our predictive sprint models
when each distance was considered separately, suggesting that the importance of NHS
and sprint speed in academy footballers may be overestimated when the contribution of
additional strength variables are not considered. Limitations around single strength
measures and correlational analysis could offer a potential reason for heterogeneity
between our findings and those of previous research (Ishøi et al., 2018; Krommes et al.,
2017; Markovic et al., 2018; Mjølsnes et al., 2004; Siddle et al., 2019). Nordic
hamstring exercises are viewed as supra-maximal (Cuthbert et al., 2020), suggesting a
closer relationship with maximal strength and limited impact on sprinting when the time
to express force is constrained to short intervals. Scaled NHS, CMJ-impulse and hip
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ADD all contributed to the COD performance. In support of our findings, eccentric
hamstring strength derived from isokinetic assessments has also been shown to be
significantly correlated with COD performance in male (r = 0.60) and female (r = 0.63)
cohorts (Jones et al., 2017; Naylor & Greig, 2015). The importance of eccentric
hamstring strength has been established due to its role in stabilising the knee (Jones et
al., 2017), force absorption (Lockie et al., 2012), controlling trunk flexion and assisting
whole body deceleration (Harper, Jordan & Kiely, 2018). Such factors have been
proposed to combine and assist eccentrically stronger athletes enter into the COD at a
greater speed (Chaabene, 2017; Jones et al., 2017). Nordic hamstring strength, when
scaled, may assist with the retention of motor skills used in COD performance for short
term injuries of <3 weeks (Siddle et al., 2019). Given the importance of eccentric
strength of the hamstrings during COD movement tasks and the contribution of scaled
NHS and COD performance in the present study, inclusion of the NHS test in a battery
of assessments used to assist the development of academy footballers would appear to
be justified.
Previously, normalised muscle volume of hip ADD measured by MRI was
observed to be valuable for CMJ (Xie et al., 2020) and sprint (Handsfield et al., 2017)
performance. The mid-swing phase of sprinting requires deep hip flexion, which
creates a longer moment arm for the hip ADD compared to other hip muscles (Delp &
Maloney, 1993).

This mechanical advantage increases their contribution to hip

extension during the late swing to early contact phase offering another potential
mechanism to explain our findings (Neumann, 2010). Furthermore, scaled strength
imbalance measures did not feature in any of the models used in the present study. Past
research using single leg CMJ in academy footballers, found that inter-limb imbalances
negatively impacted performance (Bishop et al., 2019). When jumping, inter-limb
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imbalances might accumulate over a number of joints and muscle groups increasing
their magnitude so that they impact on performance. However, we assessed individual
muscles (e.g., hamstrings, hip ADD/ABD) at a single joint and the imbalances that were
detected in this study may not be of the level required to impact on running abilities.
Further work is required in this area to validate the impact of specific muscle imbalance
on running performance in academy footballers. Such work should include limb length
and other body asymmetries as these may also affect running abilities in cohorts that
are undergoing growth and maturation.

4.5.1 Methodological considerations
Since the current data was collected in-season in two professional football academy
settings, it must be acknowledged that there are limitations to the present study
associated with the inherent challenges of conducting research in the field.

For

example, some players might not have reported non-time loss injuries like heel, knee
and groin pain. Often players can continue to train and compete with such issues
(Clarsen et al., 2015; Harøy et al., 2017), but the impact on sprint, COD and lower limb
strength remains unclear. The lack of maturational offset could be viewed by some as
another weakness, but maturational equations are associated with limitations.(Malina
& Kozieł, 2014). With this in mind, to account for the significant variation of body
weights observed in our data, allometric scaling of strength and CMJ variables was used
(Nevill & Holder, 1995). A further weakness could be the time constraints for testing
a large cohort prior to in-season training. The testing schedule might have provided
insufficient recovery periods between maximal contractions, but the protocols used are
consistent with past research (O’Brien et al., 2019; Jones et al., 2020; Ryan et al., 2018).
Testing sprint and COD performance on a 3G playing surface could also be seen as
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limitation, since matches are usually played on natural grass and this may have altered
the players’ normal movement patterns. However, presenting in-season strength and
performance data of a large sample size of academy footballers in an applied setting
could also be viewed as an advantage as it addresses the paucity of research in this
population (Jones et al., 2019; Jones et al., 2020).

4.6 PERSPECTIVES
Too often linear sprinting for football is considered important when the focus should
be placed on the ability to cover short distances, involving COD, quickly.

The

associations between different strength measures and ‘running ability’ found in this
study demonstrate the importance of considering a suite of field-based tests. To offer
a deeper perspective on the results a DTI analysis was included to provide those
working in football academies with a frame of reference for the development of strength
by providing age-group relevant thresholds that differentiate between the fastest and
slowest players. It is important to note that the values presented in our DTI should be
interpreted with caution since other youth cohort’s scores may vary as there is always
some variation in training regimes. Future work is required to validate strength
thresholds further research could also identify strength losses and their negative impact
on ‘running ability’
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4.7 THESIS MAP

Chapter 4 Study 2: Field based lower limb strength tests provide insight into sprint and
change of direction ability in academy footballers
Objective
Explore the collective and individual associations between a combination
of field-based lower limb strength assessments with sprint and COD
performance
Key findings
Collective associations between scaled field-based strength assessments
(CMJ-impulse, hip ADD and eccentric knee flexor) exist with game and
training-based task such as sprint and COD (adjusted R2 = 0.78, p <0.001).
Scaled CMJ-impulse and hip ADD showed greater relationships with
linear sprints (5m; adjusted R2 = 0.59, p <0.001; 10m; adjusted R2 = 0.59,
p<0.001; 20m; adjusted R2 = 0.71, p <0.001). Mean 505 performance was
also predicted by scaled CMJ-impulse, hip ADD and eccentric knee flexor
(R2 = 0.70, p <0.001). On and individual basis scaled CMJ-impulse and
hip ADD contributed more to linear sprint while eccentric knee flexor was
more related to COD. Such information justifies there use within for
assessing lower limb strength in academy football.
Chapter 4 Study 3: Strength development and non-contact injury in academy footballers
across age groups
Objective

Investigate the impact of sustaining a non-contact lower limb injury on hip,
groin and knee flexor strength development in male academy footballers
using field tests.

Key findings

Chapter 4 Study 4:

Objective

Key findings
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4.8 Study 3 Strength development
and non-contact lower limb injury in
academy

footballers

across

age

groups.
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4.9 ABSTRACT
Non-contact lower limb injuries are common in academy football. Yet, the impact these
injuries have on strength development in academy footballers remains unclear. This
study aimed to investigate the impact of non-contact lower limb injury on hip, groin
and knee flexor strength development in male academy youth footballers. Furthermore,
this study: reports normative strength data of emerging field-based tests that can be
easily deployed in football academies; explores the effect of age on injury occurrence;
and highlights the number of days lost from injury in male youth footballers.
Assessments of hip adductor, abductor and eccentric knee flexor strength were obtained
from 195 academy football players during pre-season and at the end of season. In
season injuries were recorded by medical staff. Those footballers who sustained noncontact lower limb injury were compared to those who did not sustain a non-contact
lower limb injury. No between group differences were observed for any strength
assessments when controlled for pre-season measures. Stronger footballers at preseason, experienced strength loses while those weaker players gained strength across
the season. Hip strength development was impaired in older age-group footballers.
Sustaining a non-contact lower limb injury had minimal impact on strength
development. In the absence of in-season lower limb strength monitoring, development
in academy youth footballers may not progress as expected, and in particular stronger
and older youth athletes may benefit from individualised strength training.
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4.10 INTRODUCTION
Football clubs worldwide invest up to €10 million annually into academies hoping to
develop future stars (European Club Association, 2019). Talented young footballers
enter an academy programme of structured training and regular competition that at the
age of 16 years becomes full-time, and continues until the age of 18 years. With
advanced age, time exposure to training and competition increases, bridging the gap
from youth to senior football. Ultimately, successful transition to senior football is
dependent upon the development of tactical, technical, physical and psychological
abilities as players progress through the academy system. Time spent in training and
competition so players can practice football specific skill sets is therefore essential for
development. Yet, football training and competition involves activities associated with
injury risk (Jones et al., 2019; Price et al., 2004). Therefore, with the demand to provide
development opportunities to prepare players for successful transition to senior
football, coaching staff face a significant challenge of balancing the potential gains
from training and competition exposure against the risk of injury.
In academy football, injuries to the ankle, knee, hip and groin regions (i.e., lower
limb) is a major contributor to absence from training and competition (Jones et al.,
2019; Price et al., 2004; Read et al., 2018b). A recent systematic review (Jones et al.,
2019) found that lower limb injuries accounted for 79% to 85% of all recorded injuries
sustained by academy footballers, of which 66% could possibly be preventable since
they occurred via non-contact mechanisms. The impact of non-contact lower limb
injury can be long lasting with cohorts experiencing diminished capacity to respond to
training adaptations as a result of tissue damage (Mueller-Wohlfahrt et al., 2013);
training absence (Meylan et al., 2014); and persistent muscle weakness (Morrissey et
al., 2012; Opar et al., 2013b; Opar et al., 2015a). To date, most studies that have
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explored the effect of injury on muscle strength have focused on senior athletes
(Morrissey et al., 2012; Opar et al., 2013b; Opar et al., 2015a). For academy footballers,
little is known about the impact non-contact lower limb injury might have on muscle
strength development in regions susceptible to injury (i.e., lower limbs) during a typical
season. Understanding the impact of non-contact lower limb injury at academy level
may improve talent development practices for the future. Revealing potential negative
effects of training and competition absence on development may lead to more focused
approaches to enhance strength adaptations and greater compliance with injury
reduction initiatives. Our aim was to explore the impact of sustaining non-contact
lower limb injury on hip, groin and knee flexor strength development in male academy
footballers using field tests. In addition, the study describes seasonal variation of
strength in the regions commonly injured, the effect of age on injury occurrence and
number of days missed within the academy football. We hypothesised that a noncontact lower limb injury to an academy footballer would result in reduced strength
development compared to their injury free peers across a typical football season.

4.11 MATERIAL AND METHODS
4.11.1 Participants
During the 2018/19 season, contracted players (n =195) who were eligible to train or
compete at the time of testing, were recruited from two (a category one and a category
two) Premier League football academies in England. From those who volunteered for
the study, 143 completed both testing sessions. The remaining 52 footballers were
excluded on the basis of sustaining a contact injury, an incomplete data set, currently
injured, de-selection or transferred to another club (Figure 4.2.0). Descriptive statistics
for age and anthropometric measures are provided in Table 4.2.0. An overview of
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typical training schedules from both academies are presented in Appendix VI. Ethical
approval was obtained from the University of South Wales ethics committee
(18JA0401HR). Parental written consent and player written assent were obtained prior
to testing.
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Figure 4.2.0 Flowchart demonstrating the movement of players and repeated strength tests between 2018/19 (U= Under).
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Table 4.2.0 Descriptive (mean ± SD) anthropometric information for 143 professional academy youth football players (U= Under).
Age Group

Number

Age (Yrs)

Under-10

16

9.8±0.3

Pre-season
33.68±5.94

Under-11

19

10.8±0.4

35.64±3.01

Under-12

20

11.7±0.2

39.93±2.90

Under-13

17

12.6±0.3

47.0±6.61

Under-14

15

13.7±0.3

53.79±8.50

Under-15

22

14.6±0.3

61.33±9.85

Under-16

10

15.5±0.3

65.95±4.54

Under-18

24

16.7±0.6

73.28±6.71

95% confidence intervals are presented in parentheses

Body Mass (kg)
Change of score (95% CI)
2.26±0.89
(1.81 to 2.67)
1.90±0.62
(1.63 to 2.17)
1.88±0.22
(1.78 to 1.98)
4.15±1.53
(3.42 to 4.88)
2.10±0.22
(1.99 to 2.21)
3.81±1.39
(3.23 to 4.39)
2.85±0.11
(2.78 to 2.92)
1.99±0.41
(1.82 to 2.16)

Effect size
0.4

Pre-season
140.27±7.78

0.6

143.45±4.29

0.6

148.72±5.7

0.6

157.58±7.55

0.2

167.74±7.77

0.4

169.65±8.08

0.6

175±6.04

0.3

181.36±6

Stature (cm)
Change of score (95% CI)
2.8±0.67
(2.5 to 3.1)
3.1±0.92
(2.7 to 3.5)
2.6±1.77
(1.9 to 3.4)
3.2±1.26
(2.6 to 3.8)
2.1±1.12
(2.7 to 1.5)
2..4±1.2
(1.9 to 2.9)
2.4±1.71
(3.5 to 1.4)
1.6±0.96
(1.9 to 1.2)

Effect size
0.4
0.6
0.5
0.4
0.2
0.4
0.4
0.3

4.11.2 Experimental design
The study was a longitudinal case control comparison design. Data from three strength
tests (isometric hip adductor [ADD], isometric hip abductor [ABD] and eccentric knee
flexor) were collected by three sports science and medical staff who had received a
minimum of six hours training in the protocols. All players had previous experience of
all strength tests and underwent additional test familiarisation 6 to 10 weeks before the
start of testing. Strength testing took place at two separate time points, spanning 42weeks from preseason to end of the season. All strength tests were performed in a
rested state (24-hours without physical exertion) and before scheduled team training.
The order of strength tests was randomised with maximal force defined as the highest
numerical value for each test. Before the strength tests were conducted, all players were
weighed (Maul Global, China) and their stature (Seca, 213, United Kingdom)
measured. A self-directed 5- to 10-minute warm up routine, consisting of cycling on a
stationary exercise bike was also performed prior to the testing sessions.

4.11.3 Isometric hip strength
Isometric hip ADD and ABD strength was assessed using the Force FrameTM, (Vald
Performance Albion, Australia). This device has previously reported moderate to good
correlations (0.53 to 0.71) against current practice devices in football players (O’Brien
et al., 2019) and high reliability ([CV = 6.6%] Ryan et al., 2018). Players first adopted
a standardised position, where they lay in a supine position. For the isometric hip ADD
strength test, the femoral and tibial condyles were positioned central to the force pads
and the isometric hip ABD test lateral femoral condyle and head of the fibula were
central to the outer force pads. To standardise position the investigator ensured that all
players-maintained contact with the floor, not raising legs, tilting pelvis or lifting their
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heads. Players completed one set of three maximal repetitions of the bilateral isometric
hip ADD and ABD exercises. Force data for the right and left ADD and ABD exercises
was measured from force transducers sampling at 50Hz. Isometric hip strength was
determined for each leg from the peak force during the best of three repetitions of five
seconds of ADD and ABD (Ryan et al., 2018) each repetition was separated by a period
of ten seconds (O’Brien et al., 2019).

4.11.4 Eccentric knee flexor strength
The assessment of eccentric knee flexor strength using a Nordbord(patented) (Vald
Performance, Albion, Australia) and its reliability has been previously reported with
the prototype device displaying good reliability ([CV = 5.8% to 8.5%] Opar et al.,
2013a). As previously described (Opar et al., 2013a), players performed the one set of
three maximal repetitions by kneeling on the device, with the ankles secured
immediately superior to the lateral malleolus by individual ankle hooks. Investigators
ensured strict adherence to technique and players received verbal encouragement
throughout each repetition to encourage players to give their best efforts. Peak force
imparted to the left and right force transducer sampling at 100Hz and was combined to
represent eccentric knee flexor force.

4.11.5 Injury registration
Injury data were obtained from the Performance Management Application Premier
League system (The Sports Office, UK) at each academy. For this study an injury was
eligible if it was classified as non-contact and the player was unable to fully participate
in future football training or competition because of a time loss injury to lower limbs.
The player was considered injured until declared fit by club medical staff for full
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participation in training and available for match selection (Fuller et al., 2006c). For
each injury recorded, a member of the respective club’s medical staff completed a
standardised injury card including body part (e.g., ankle), tissue type (e.g., ligament),
and injury mechanism (e.g., contact or collision), days and matches missed. Overuse
injuries were only eligible for inclusion if they resulted in time loss but defined
according to the injury consensus statement (Fuller et al., 2006c). Injury severity was
defined (Fuller et al., 2006c; Price et al., 2004; Read et al., 2018a) as the number of
days absent from training or competition due to injury and was classified as mild (1-3
days), minor (4-7 days), moderate (8-28 days) or severe (>28 days). Injury data were
collected quarterly; data were screened, and any questions clarified with clubs’
respective medical departments. Those players that did not sustain non-contact lower
limb injury were deemed injury free and formed the control group (Figure 4.2.0).

4.11.6 Control effects of body size
Given the heterogeneity of the sample (Table 4.2.0), all strength measures were
associated with body weight, where heavier players tended to have higher scores. To
control for the effects of body weight on strength measures, an allometric modelling
approach was used (Nevill & Holder, 1995).

𝐴𝑙𝑙𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑆𝑐𝑎𝑙𝑒𝑑 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 =

Whereby BW = body weight (N) and b = coefficient attained from regression analysis
from BW and the investigate variable.
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4.11.7 Statistical analysis
Data were analysed with JMP V.14.2 Pro Statistical Discovery Software (SAS Inc.,
Cart, North Carolina USA). Descriptive data are presented as mean ± standard
deviation (SD). All strength variables were correlated with bodyweight (ADD R2 =
0.57; ABD R2 = 0.69 and eccentric knee flexor force R2 = 0.73). Once allometrically
scaled, the associations with body weight were removed for all strength measures (R2
< 0.01). Change in score (end of season – baseline pre-season score) was used to
represent the development of strength or weight gain over the season, distributions for
all strength tests and bodyweight were assessed using a one-sample t-test against a mean
of zero. Analysis of covariance (ANCOVA) for change of score between groups
(injured vs uninjured), controlled for pre-season baseline scores were used to assess the
impact of injury on strength measures. Comparisons of strength development across
age-groups were analysed using a one-way ANOVA. Dunnett’s post hoc-tests, were
used to compare groups against the control (i.e., under-10 the youngest age-group).
Fisher’s exact test was used to examine the distribution of injured and uninjured players
in each age group. Statistical significance was set at p <0.05 with Cohen’s d employed
to assess the magnitude of the effect (mean change/SD of change); and interpreted as
<0.2 small; medium 0.5 and large 0.8.

4.12 RESULTS
4.12.1 Descriptive data
Anthropometric information for baseline and the change in score are presented in Table
4.2.0. Injury data is reported in Table 4.2.1. Forty-three players from the sample of
143 sustained lower limb injuries, with 5 players sustaining two injuries. Muscle strain
injury was the most prominent type of injury. Across age groups non-contact lower
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limb injury were not evenly distributed p = 0.0543 (Figure 4.2.1).

The lowest

proportion of injured to non-injured was 2:14 (14%) for under-10 and the highest 13:12
(52%) in the under-18 group. No location was predominantly injured. Groin/hip;
anterior thigh; knee and ankle were all similar with knee flexor then foot and calf. Days
lost to injury by age group are presented in Table 4.2.2 ranging from 30 days to 245
days for under-11 and under-18 cohorts, respectively. Nearly three quarters of all
injuries resulted in a minimum of 8 days of absence with the average number of days
missed per injury stable across all age groups (p = 0.765).
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Table 4.2.1 Injury location, type, severity and classification (total number and
percentage) of 48 non-contact lower limb injuries (includes 5 secondary injuries; 3
minor; 2 moderate; 4 ankle; 1 knee; 3 ligament; 2 unknown) in 143 professional
academy youth football players over one season.

Injury location

Groin/Hip
Knee Flexor
Anterior Thigh
Knee
Calf
Ankle
Foot

n
11
6
9
9
1
11
1

%
23
13
19
19
2
23
2

Injury type

Muscle
Tendon
Ligament
Cartilage
Unknown

25
6
6
1
10

52
13
13
2
21

Severity

1-3 days
4-7days
8-28 days
>28 days

2
9
22
10

10
19
50
21

Classification

Acute
Overuse

45
3

94
6
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Table 4.2.2 Days lost to training and matches (mean ± SD) by age group in 143
professional academy youth football players over one season (U = under).
Age Group

Number of
injuries

Total
number of
days lost

Median (inter
quartile
range)
number of
days lost

Minimum
number of days
lost

Maximum
number of days
lost

Under-10
Under-11
Under-12
Under-13
Under-14
Under-15
Under-16
Under-18

2
3*
4
5
6*
10**
5
13*

38
30
72
86
100
199
127
245

19 (9)
6 (9)
19 (8)
20 (11)
13 (20)
18 (19)
16 (22)
12 (18)

10
3
12
2
6
3
13
3

28
21
23
31
30
48
46
97

*Denotes a player sustaining more than one injury
Inter quartile range are given in parentheses
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Figure 4.2.1 Distribution (%) of non-contact lower limb time loss injuries according to chronological age group across one season of academy
youth football (U= Under).

4.12.2 Impact of non-contact lower limb injury
Collectively (n = 143) players in this study increased in all strength scores (Table 4.2.3).
At preseason the players that went on to sustain a non-contact lower limb injury were
statistically stronger in absolute terms (ADD, ABD and eccentric knee flexor all p
<0.05) than the players that remained injury free. The impact of injury on absolute and
scaled strength measures can be found in Table 4.2.3. When controlled for baseline
measures, no differences between injured and non-injured footballers were found for
scaled ADD (0.1 N.BWb-1, 95%CI = -0.13 to 0.32, p = 0.4078 ES 0.3) ABD (-0.002
N.BWb-1, 95%CI = -0.06 to 0.06, p = 0.9464, ES 0.1) or eccentric knee flexor (0.1
N.BWb-1, 95%CI = -0.01 to 0.02, p = 0.5107, ES 0.3). Pre-season strength scores were
all, however, negatively associated with the change in score observed at the end of the
season (ADD r = -0.61; ABD r = -0.62; eccentric knee flexor r = 0.65, all p <0.0001).
Those with low levels of strength from the outset gained strength, while those with high
strength scores lost strength (ADD R2 = 0.38; ABD R2 = 0.38 and eccentric knee flexor
force R2 = 0.43).
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Table 4.2.3 Pre-season and change in score (mean ± SD) of absolute (N) and scaled (N.BWb-1) strength for injured and non-injured academy
football players over one season. Effect size (Cohens d) denotes change in scores from pre to end of season.

Strength Measure
Isometric Adduction
(N.BWb-1)
Isometric Adduction (N)
Isometric Abduction
(N.BWb-1)
Isometric Abduction (N)
Eccentric Knee Flexor
(N.BWb-1)
Eccentric Knee Flexor
(N)

Injured players n = 100
PreChange in score
season
Mean
Mean ±SD
±SD
(95%CI)
2.86±0.82 0.14±0.78
(-0.10 to 0.37)
600±227
47±183
(-8 to 101)
0.79±0.24 0.01±0.23
(-0.06 to 0.08)
396±181
7±119
(-28 to 43)
0.24±0.05 0.02±0.05
(0.00 to 0.03)
531±188
68±114
(34 to 102)

95% confidence intervals (CI) are given in parentheses

Effect
Size
0.2
0.2
0.0
0.0
0.4
0.4

Non-injured players n = 43
PreChange in score
season
Mean
Mean ±SD
±SD
(95%CI)
2.52±0.66 0.28±0.93
(0.10 to 0.47)
458±185
65±158
(34.39 to 96.35)
0.72±0.2
0.05±0.26
(0.00 to 0.10)
308±154
29±89
(11 to 46)
0.24±0.05 0.01±0.07
(0.00 to 0.02)
436±166
57±89
(40 to 75)

Effect
Size
0.4
0.0
0.3
0.3
0.2
0.5

Total n = 143
PreChange in score
season
Mean
Mean ±SD
±SD
(95%CI)
2.62±0.73 0.24±0.89
(0.09 to 0.38)
500±208
60±165
(33 to 87)
0.74±0.21 0.04±0.25
(0.00 to 0.08)
335±167
22±99
(6 to 38)
0.24±0.05 0.01±0.06
(0.00 to 0.02)
464±178
60±97
(45 to 76)

Effect
Size
0.3
0.3
0.1
0.2
0.3
0.3

4.12.3 Change in scaled score by age group
Change in absolute and scaled strength score by age group are presented in Tables 4.2.4
and 4.2.5. Scaled ABD (p <0.0001) was the only change in strength measure to differ
across age-groups. The under-10 group, gained more than both under-16 (-0.22 N.BWb1

, 95% CI -0.42 to -0.03 N.BWb-1, p = 0.0172, ES -0.7) and under-18 cohorts (-0.30

N.BWb-1, 95% CI -0.45 to -0.14; ES -0.9, p <0.001. Scaled changes in ADD strength
ranged from -0.30 N.BWb-1 (95% CI -0.62) to -0.02 N.BWb-1 (ES 0.5) loss for under-16
to a 0.51 N.BWb-1 (95% CI 0.01 to 1.01; ES 0.7) gain at under-12, but no main effect
for age (p = 0.0973) was found. Changes in scaled knee flexor strength were no
different across age-groups (p = 0.1046) with notable gains found in the older groups
(i.e., under-14 to under-18).
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Table 4.2.4 Pre-season and change in score (mean ± SD) of absolute strength (N) by age group for 143 academy football players over one season
(U=under). Effect size (Cohens d) denotes change in scores from pre to end of season.
Isometric
Adduction
(N)
Pre - season
Under-10

356±96

Under-11

345±73

Under-12

374.±105

Under-13

371±118

Under-14

441±106

Under-15

597±151

Under-16

830±162

Under-18

727±166

Isometric
Abduction (N)
Change of score (95%
CI)
15±92
(-31 to 60)
76±85
(38 to 114)
77±88
(38 to 115)
107±128
(46 to 168)
108±117
(49 to 168)
91±150
(28 to 153)
-3±182
(-116 to 110)
4±294
(-121 to 114)

Effect
size
0.1

Pre - season

0.9

199±43

0.9

227±43

0.9

257±90

0.8

265±90

0.6

398±84

0.0

534±90

0.0

593±87

95% confidence intervals (CI) are given in parentheses

177±70

Change of score (95%
CI)
54±54
(27 to 80)
64±58
(38 to 90)
38±59
(12 to 64)
48±82
(9 to 86)
69±48
(45 to 113)
42±94
(3 to 81)
-33±109
(-101 to 35)
-87±127
(-137 to -38)

Effect
size
0.8

Eccentric Knee
Flexor
(N)
Pre - season
277±52

1.2

318±72

0.8

362±72

0.5

399±98

0.9

443±91

0.4

563±138

-0.3

677±142

-0.8

671±142

Change of score (95%
CI)
23±100
(-25 to 72)
20±61
(-8 to 47)
19±64
(-10 to 47)
63±61
(34 to 92)
89±47
(65 to 113)
81±102
(38 to 123)
54±186
(-61 to 168)
117±101
(76 to 157)

Effect
size
0.4
0.3
0.3
0.6
0.9
0.7
0.5
0.8
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Table 4.2.5 Pre-season and change in strength score (mean ± SD) of scaled strength by age group for 143 academy football players over one
season (U=under). Effect size (Cohens d) denotes change in scores from pre to end of season.
Isometric
Adduction
(N.BWb-1)
Unstandardised
Coefficients
(Beta) 0.842
Pre - season

Under-10

2.71±0.66

Under-11

2.49±0.51

Under-12

2.46±0.73

Under-13

2.16±0.86

Under-14

2.32±0.64

Under-15

2.70±0.56

Under-16

3.58±0.76§

Under-18

2.84±0.58

Change of
score
(95% CI)
-0.06±-0.69
(-0.40 to 0.28)
0.33±0.64
(0.04 to 0.62)
0.51±1.14
(0.01 to 1.01)
0.40±0.082
(0.01 to 0.79)
0.47±0.64
(0.15 to 0.79)
0.32±0.89
(-0.05 to 0.69)
-0.3±0.52
(-0.62 to -0.02)
0.03±1.12
(-0.41 to 0.48)

Effect
size

Isometric
Abduction
(N.BWb-1)
Unstandardised
Coefficients
(Beta) 0.897
Pre - season

0.1

0.62±0.22

0.7

0.66±0.13

0.7

0.68±0.15

0.5

0.66±0.26

0.8

0.60±0.15

0.5

0.78±0.13*

-0.5

0.98±0.17*

0

0.98±0.14*

Change of
score
(95% CI)
0.13±0.20
(0.3 to 0.23)
0.15±0.20
(0.06 to 0.24)
0.11±0.23
(0.01 to 0.21)
0.04±0.25
(-0.08 to 0.16)
0.15±0.17
(0.06 to 0.23)
0.03±0.21
(-0.05 to 0.12)
**-0.14±0.03
(-0.31 to 0.03)
**-0.15±0.27
(-0.26 to -0.05)

95% confidence intervals (CI) are given in parentheses.
* Denotes statistical significance from control (under-10) group at preseason at the level of p< 0.05.
** Denotes statistical significance from control (under-10) group for change in score at the level of p< 0.05.

Effect
size

Eccentric Knee
Flexor
(N.BWb-1)
Unstandardised
Coefficients
(Beta) 1.214
Pre - season

0.8

0.25±0.07

1.1

0.26±0.05

0.6

0.26±0.05

0.2

0.23±0.05

0.9

0.22±0.04

0.2

0.23±0.03

-0.8

0.26±0.06

-0.9

0.23±0.04

Change of
score
(95% CI)
-0.01±0.08
(-0.05 to -0.03)
0.00±0.08
(-0.04 to 0.03)
0.00±-0.07
(-0.03 to 0.03)
0.01±0.04
(-0.01 to 0.03)
0.03±0.04
(0.01 to 0.05)
0.03±0.07
(0.0 to 0.06)
0.01±0.07
(-0.04 to 0.05)
0.03±0.04
(0.01 to 0.05)

Effect
size
-0.1
0.0
0.0
0.2
0.9
0.6
0.3
0.9

4.13 DISCUSSION
The purpose of our study was to explore the impact of sustaining non-contact lower
limb injury on hip, groin and knee flexor strength development over a season in male
academy footballers. The main results showed no differences in any of the lower limb
strength assessments between injured and non-injured academy footballers, when
controlled for baseline measures.

Moreover, stronger footballers at pre-season,

experienced strength loses while those weaker players gained strength across the
season, and hip ABD strength development was impaired in older age-group
footballers.

Based on previous reports involving predominantly adults, it was

anticipated that injury would hinder strength development due to tissue damage
(Mueller-Wohlfahrt et al., 2013), training absence (Meylan et al., 2014) and subsequent
neural inhibition (Morrissey et al., 2012; Opar et al., 2013b; Opar et al., 2015a).
However, the lack of group differences observed suggests that the impact of noncontact lower limb injury on strength development was trivial (Table 4.2.5). The trivial
impact on strength development recorded in those who sustained an injury could partly
be explained by the severity of those injuries. Once injured, return to competition for
more than a third of all cases was achieved in less than 14 days. From a previous report,
only small changes of maximal force (-7% to 1%) were found following much longer
periods of detraining (56 days) in a male youth cohort (Meylan et al., 2014). In our
study, only one participant from the cohort was absent from football for that length of
time. Suggesting that lengthier absences than those experienced by some academy
footballers in this study are required to significantly affect strength development. Other
factors, may explain the trivial impact of injury on strength development: rehabilitation
provided by the medical staff is one example of where the focus is to return the athlete
to football having addressed any structural and function deficits that may have
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presented due to the injury. Using evidence-based return to training criteria, Serner and
colleagues (2020) reported greater hip strength (24% and 9%) following previous
adductor injury. Similarly, eccentric knee flexor maximum force was also observed to
be higher 7% in Gaelic football players that had suffered a knee flexor injury in the
previous 12 months compared to those that remained injury free (Roe et al., 2018).
Since these athletes from other studies returned to sport following rehabilitation with
greater strength levels post injury, it suggests that time away from sport with a specific
focus and sufficient stimulus may enhance strength development. Moreover, for those
who avoided injury, and missed less training, the focus on aspects beyond strength
development such as, technical and tactical training, interspersed by recovery from
competition may have been prioritised. Brownlee et al. (2018b) observed that an eightweek period of specialized football training loads were unlikely to result in any
potential for maladaptation. However, our data was collected over a season, and
therefore, might provide a greater insight into the transient nature of training priorities
within an academy.
Further support for training focus to explain the lack of between group
differences in strength development was evidenced by those stronger footballers at
preseason who subsequently lost strength by the end of the season. This may suggest
that the stronger footballers were exposed to insufficient training stimulus to maintain
or drive further strength gains. Exercises that are used to target commonly injured
regions of academy footballers such as, Copenhagen and Nordic Hamstring Exercise
are often administered using only body weight. Our data suggests that when players
present with high preseason lower limb strength, individualised programmes should be
considered with additional loads as outline by Presland and co-workers (2018) for
example. Alternately, the loss of strength observed in the stronger players may be
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explained by insufficient recovery during nine months of high training and competition
volumes associated with the academy system. Such a prolonged period of frequent
training and competition may cause fatigue to accumulate and likely result in
suboptimal neuromuscular performance over a season (Caldwell & Peters, 2009; Lloyd
et al., 2020). To mitigate the build-up of fatigue we recommend the adoption of regular
monitoring to guide the planned recovery periods included in the periodised training
programme and the implementation of evidenced based recovery strategies (Buchheit
et al., 2011; Rowsell et al., 2009). Caution should be exercised when interpreting the
reduction in lower limb strength observed in our study, as each club’s training and
match selection process would be unique and other youth cohorts could respond
differently.
By the end of the season substantial losses in scaled ABD baseline strength were
observed for both under-16 and -18 groups (Table 4.2.5). These older age groups are
closer to senior football, and the pressure to perform during matches at this stage
possibly is the focus at the expense of specific strength development to protect against
injury. Low levels of hip strength have been associated with increased the risk of ankle
(De Ridder et al., 2017), knee (Read et al., 2018b) and hip/groin (Bourne et al., 2020)
injury in football cohorts. Incidentally, the under-16 and -18 ages had the highest injury
prevalence in our study compared to younger groups (Figure 4.2.1).

A further

complexity to understanding the findings of hip strength loss might be explained by the
omission of non-time loss injuries (i.e., overuse). Some of the academy footballers in
our study may have experienced non-time loss hip or groin problems, but were able to
still train and compete (Harøy et al., 2017). Non-time loss injuries are associated with
pain, requiring adjustments in training/competition loads and may hinder strength
development. Our findings, do highlight the need for regular strength monitoring of
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regions susceptible to injury in academy football in particular the hip. Targeted
monitoring provides medical and conditioning staff with an opportunity to identify
areas of weakness and deliver focused interventions for example, lateral bands walks,
lateral step ups, hip hikes, resistance band single limb squat and sagittal plane hurdle
hops (Ford et al., 2015). Exercises like these may help to offset the undesired
movement mechanics that increase injury risk and have been associated with poor hip
ABD strength (De Ridder et al., 2017; Neumann, 1989; Read et al., 2018b). Unlike hip
ABD, eccentric knee flexor strength improved in the oldest groups (under-16 to under18) and was also not affected by injury. When calculating absolute eccentric knee
flexor strength as a mean of both limbs, the scores of the under-16 and -18 cohorts used
in this study are similar to those of French under-19 players (Buchheit et al., 2016).
Examining the absolute (N) strength scores (Table 4.2.3) in isolation suggests that the
stronger players at pre-season went on to sustain injury. It is not a surprise given that
41% of all injuries occurred in oldest two cohorts (Jones et al., 2019; Hall et al., 2020)
(Table 4.2.2) and these heavier players tended to have higher strength scores.
A consequence of any injury to an academy footballer is time lost training and
competing. Jones et al. (2019) reported that time lost to injury in male youth football
was between 5% to 11% of the season, similar to 6% (median 16 days; inter quartile
range 18) observed in our study. Substantial time lost to injury would limit exposure
to tactical and technical skill training, which are suggested to support academy players
reaching professional levels (Ward et al., 2007). In line with past research, our data
also found that injuries increased with age (Price et al., 2004; Read et al., 2018b). This
is likely the result of the increased training volume, intensity, and competitiveness
closely associated with the full-time nature of player engagement at older ages (Jones
et al., 2019; Price et al., 2004; Read et al., 2018b). Differences in injury prevalence,
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training volume and intensity between ages may have further confounded the impact
that injury had strength on development in our study. Therefore, academy footballers
should not be treated as mini adults, since these players experience a complex
interaction of frequently changing internal and external mechanisms (Read et al.,
2018b). Careful consideration should be given to these mechanisms that include
biology, morphology, torso/limb growth, brain structure/function (McKay, Broderick
& Steinbeck, 2016), sleep (Dwivedi et al., 2019), club match selection policy (Renshaw
& Goodwin, 2016), coaching style (Ekstrand et al., 2018a), playing surface, climate
and fatigue (Ekstrand et al., 2018b), for future assessment of injury risk modelling
within the academy system.

4.13.1 Methodological considerations
While our study addresses the paucity of research exploring injury and its impact on
strength in academy footballers, it is not without limitations. First, medical staff at the
respective clubs were not blinded to the muscle strength scores. Furthermore, no
controls were put in place for any preventative measure that the club’s medical teams
may have prescribed based on a player’s strength scores during the study. Given the
relatively low number of injuries over the course of one academy season (Jones et al.,
2019), a combination of the above factors may have increased the risk of bias. The low
occurrence of injuries also limited the possibility of subgroup analysis. Using a time
loss injury definition likely contributed to the under-reporting of non-times loss overuse
injuries (Clarsen et al., 2015). Although players can continue to train and compete with
overuse injuries (Clarsen et al., 2015; Harøy et al., 2017), such as knee and groin pain
their impact on lower limb strength remains unclear. Another perceived weakness of
this study may be the lack of maturational offset, although these equations have
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indicated limitations (Malina & Kozieł, 2014). In an effort to account for significantly
different body weights, as seen in youth athletes of a wide age range, allometric scaling
of all assessed strength variables was employed (Nevill & Holder, 1995). It is possible
that the practical arrangements required to allow the testing of a large cohort might have
provided some players with insufficient recovery periods between maximal
contractions, but the protocols are consistent with past research (O’Brien et al., 2019;
Opar et al., 2013a; Ryan et al., 2018). Our study was also unable to include training
and match exposure, or training load data, limiting our knowledge of the transient
increases in competition/training volume/intensity and their impact on strength levels
and injuries in academy football. A further point of note is that data were collected at
the start and end of the 2018/19 season, providing information on how strength scores
of body regions susceptible to injury vary during a typical male academy football
season. This study also focused solely upon male academy footballers, reducing the
generalisability of the findings to other sports, athletes, performance levels and genders.
Therefore, future research is warranted to explore the impact of specific injury type and
location on strength development using further maturational controls and suitable
sample sizes.

4.14 PERSPECTIVES
The impact of non-contact lower limb injury on strength development in this cohort of
academy footballers was found to be trivial. It is possible, that our findings can be
explained by insufficient stimulus to drive adaptation and a shift in training focus.
Those who remained injury free prioritise ‘playing’, whereas those injured during
rehabilitation focus to offset any loss in strength resulting from injury. This was
evidenced by negative associations between pre-season strength measures and change
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in score for all tests. However, the observation that under-16 and -18 cohorts lost ABD
strength over the season suggests that exposure to greater pressures to perform,
intensities and loads at the older age groups may have had an impact. Close attention
should be paid to specific evidence-based hip strengthening protocols for academy
footballers in an effort to continually develop targeted areas of weakness and improve
player performance. It is therefore important when working with academy footballers
to periodically assess lower limb strength levels. Particularly, in regions that are known
to be susceptible to injury so that the effectiveness of injury reduction, rehabilitation
and conditioning regimes can be evaluated and individualised programs implemented.
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4.15 THESIS MAP
Chapter 4 Study 2: Field based lower limb strength tests provide insight into sprint and
change of direction ability in academy footballers
Objective
Explore the collective and individual associations between a combination
of field-based lower limb strength assessments with sprint and COD
performance
Key findings
Collective associations between scaled field-based strength assessments
(CMJ-impulse, hip ADD and eccentric knee flexor) exist with game and
training-based task such as sprint and COD (adjusted R2 = 0.78, p <0.001).
Scaled CMJ-impulse and hip ADD showed greater relationships with
linear sprints (5m; adjusted R 2 = 0.59, p <0.001; 10m; adjusted R2 = 0.59,
p <0.001; 20m; adjusted R 2= 0.71, p <0.001). Mean 505 performance was
also predicted by scaled CMJ-impulse, hip ADD and eccentric knee flexor
(R2 = 0.70, p <0.001). On and individual basis scaled CMJ-impulse and
hip ADD contributed more to linear sprint while eccentric knee flexor was
more related to COD. Such information justifies there use within for
assessing lower limb strength in academy football.
Chapter 4 Study 3: Strength development and non-contact injury in academy footballers
across age groups
Objective
Investigate the impact of sustaining a non-contact lower limb injury on hip,
groin and knee flexor strength development in male academy footballers
using field tests.
Key findings
Non-contact lower limb injury had only a trivial effect on lower limb
strength development over a single football season ADD (p = 0.4078 ES
0.3) ABD p = 0.9464, ES 0.1) or eccentric knee flexor (p = 0.5107, ES 0.3).
Players considered stronger at pre-season suffered a subsequent loss of
strength, whereas weaker players continued to develop lower limb strength
(p <0.001). The only strength variable to differ from baseline to end of
season was ABD p <0.001).
Chapter 4 Study 4: Do preseason lower limb strength measures predict subsequent noncontact lower limb injury in male academy footballers
Objective
Explore the association between preseason measures of lower limb
strength and future non-contact injury in male academy footballers
Key findings
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4.16 Study 4 Do preseason lower
limb

strength

measures

predict

subsequent non-contact injury in
male academy footballers?

148

4.17 Linking paragraph
In study 3, the impact of lower limb injury on strength development in male academy
footballers was found to be trivial. Monitoring strength development over time can
help inform the planning and organisation of training and physical preparation, yet this
is only one purpose of utilising a universal approach to assessing strength (McCall et
al., 2014). An additional application of strength assessments is to use the data generated
in conjunction with other information so an evaluation can be made of the individual’s
risk of lower limb injury (Bahr, 2016; McCall et al., 2015). Chapter 2 reported that
incidence of lower limb injury was particularly high; however, data supporting the use
of strength assessments used for adult populations could be perceived by those involved
in academy football as being unsupported due to the absence of underpinning research.
Previously, associations between lower levels of preseason strength and subsequent
non-contact hip/groin or knee flexor injury have been found in adult professional
footballers (Bourne et al., 2020; Timmins et al., 2016). To the author’s knowledge, no
study to date has explored a combination of these novel field-based strength
assessments and their association with non-contact lower limb injury in male academy
footballers. Therefore, analysis of preseason strength data obtained in study 3 was
conducted in an effort to investigate the presence of relationships between this data set
and injury risk.
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4.17 ABSTRACT
In academy football, injuries to the ankle, knee, hip and groin (i.e., lower limb) regions
are significant causes of training and competition absence. While, isometric hip/groin
and eccentric knee flexor muscle strength measures have been identified as injury risk
factors in senior professional football cohorts, these strength measure have not yet been
explored in much younger age-groups at football academies. The purpose of this study
was to investigate the association of preseason lower limb (isometric hip/groin and
eccentric knee flexor) scaled strength measures and subsequent non-contact lower limb
injury in male academy footballers. This prospective cohort injury screen study was
conducted over the 2018/19 academy football season. In total 195 male academy
footballers (age range 9 years to 18 years; body mass range 33.7±5.9 kg to 73.3±6.7 kg;
height range 142.7±7.8 cm to 181.4±6.0 cm) had their lower limb (isometric hip/groin
and eccentric knee flex) strength measured during preseason. Non-contact lower limb
injury during the season was the main outcome measure for this study. Forty-nine
players sustained at least one non-contact lower limb injury during the study period.
When controlled for age (p = 0.0764), scaled hip abductor p = 0.1478) and knee flexor
strength (p = 0.9181) stronger preseason isometric hip adductor strength was (p =
0.0255) associated with future non-contact lower limb injury. These data support the
rationale for preseason testing of lower limb strength at football academies while also
highlighting the complex nature of using such assessments to detect future injury. Since
implementing injury reduction protocols from a comprehensive assessment of lower
limb strength could assist in limiting time loss injuries within the academy system.
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4.18 INTRODUCTION

Injuries to the lower limbs are disproportionally represented in academy football (Price
et al., 2004; Renshaw & Goodwin, 2016; Read et al., 2018a; Tears et al., 2018). Noncontact injuries often viewed as ‘preventable’ account for 53% to 72% of all injuries
sustained within the academy system (Jones et al., 2019). A frustrating consequence of
any injury is absence from training and competition, which will limit an academy
footballer’s chance of progression and keeping their place in the team. Training and
competitive matches are essential for the development of football skill sets that include
tactical, technical, physical and psychological components (Jones et al., 2019; Jones et
al., 2020).

Limiting training exposure could have detrimental effects on the

development of tactical and technical skills, which might be of particular importance
given that the weekly number of hours spent in team practice was a major discriminator
between skill levels in academy footballers (Ward et al., 2007). Moreover, time lost
due to non-contact lower limb injuries, that are considered preventable, would not only
impact on the development of specific skills sets, but also potentially impact academy
players’ future career at senior level. Gabbe et al. (2010) found that injuries sustained
at youth (i.e., academy) level predicted future senior competition absence in a study
that used 500 Australian Football League players. The transfer of injury from academy
to senior levels has serious implications at team level (Eirale et al., 2013; Hägglund et
al., 2013) and for individual physical performance (Gleim & McHugh, 1997; Sole et
al., 2012), club finances (Batten, 2019; Eliakim et al., 2020), and long-term health
(Drawer & Fuller, 2001; Kuijt et al., 2012; Maffulli et al., 2010). However, most of the
work surrounding the impact of injury has focused on established players with little
information concerning these effects on players striving towards professional status.
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With the above issues in mind, identifying academy footballers at risk of
sustaining non-contact lower limb injuries would allow suitable injury reduction
interventions to be implemented, counteracting the potentially negative consequences
upon development and limiting transfer to senior levels. While injury screening in
senior professional footballers has been useful for identifying non-contact lower limb
injuries (Bourne et al., 2020; Timmins et al., 2016), few have attempted to transfer this
process to players of academy age.

These novel field-testing devices (e.g.

Nordbord(patented) and Force FrameTM Vald Performance) now make muscle strength
assessments for injury risk screening more accessible to those within the academy
system. Since large groups of players can be screened in short time frames with no
need to access expensive offsite equipment (Opar et al., 2013a; Sconce et al., 2015).
However, there is currently little information concerning these devices for injury
prediction in academy male footballers.

An improved understanding of the

underpinning factors that predispose academy footballers to non-contact lower limb
injuries could help inform the design and implementation of effective injury reduction
and RTP programmes. The aims of this study were to assess if preseason measures of
lower limb strength (hip adduction [ADD], abduction [ABD] and eccentric knee flexor)
were associated with subsequent non-contact lower limb injury in academy footballers.

4.20 METHODS AND MATERIALS
4.20.1 Participants
Data from the 195 contracted academy footballers who volunteered for study 3 were
included for this study. Using the same inclusion and exclusion criteria that was
employed in study 3, one hundred and ninety-five players were eligible to take part in
this prospective cohort injury screen study. Descriptive statistics for age and
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anthropometric information are provided in Table 4.3.0. Ethical approval was obtained
from the University of South Wales (18JA0401HR). Parental written consent and
player written assent were obtained as part of study 3.

4.20.2 Experimental protocols
The study was a prospective cohort design. Preseason strength test results were taken
from 195 players this included the 143 preseason test scores from study 3: isometric
hip ADD, hip ABD and eccentric knee flexor (Table 4.3.0). In total 49 injuries met
the inclusion criteria explained in previously study 3 (Table 4.3.1). Six additional
injuries were added to the 43 already used in study 3 for the post hoc analysis. Injuries
were also reported using the methodology described in study 3.

Isometric hip

(ADD/ABD) and eccentric knee flexor strength assessment details are provided in study
3. Since the strength data was taken from study 3 and given the heterogeneity of the
cohort, an allometric scaling approach was used.
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Table 4.3.0 Anthropometrics (mean ± SD), absolute (N) and allometrically (N.BWb-1) scaled lower limb (hip adductor, abductor and knee flexor)
preseason strength scores for 195 academy footballers.
Age
group

Number

Age
(Yrs)

Body mass
(kg)

Height
(cm)

Preseason strength
Absolute (N)
(95% CI)

Under-10

17

9.8±0.3

33.7±5.75

140.47±7.8

Under-11

21

10.8±0.4

36±3.39

143.55±4.7

Under-12

25

11.7±0.2

40.07±4.19

148.42±5.4

Under-13

21

12.6±0.3

46.76±6.03

157.98±7.5

Under-14

22

13.7±0.3

54.1±8.98

167.64±7.7

Under-15

30

14.6±0.3

60.28±9.89

169.7±8.1

Under-16

28

15.5±0.3

64.71±6.71

175.2±6.1

Under-18

32

16.7±0.6

73.33±6.54

181.3±5.9

Total

195

14.1±2.1

53.54±15.24

169±15.8

Hip
Adduction
359±93
(327 to 327)
359±81
(331 to 387)
382±97
(348 to 416)
403±91
(333 to 415)
458±123
(416 to 500)
601±138
(553 to 649)
736±148
(685 to 787)
743±159
(688 to 798)
529±204
(500 to 557)

Hip
Abduction
179±68
(156 to 203)
198±41
(184 to 212)
299±41
(215 to 243)
248±87
(218 to 178)
293±87
(263 to 323)
388±83
(360 to 417)
473.6±100
(439 to 508)
620±98
(586 to 654)
345±171
(330 to 378)

Eccentric Knee
Flexor
279±51
(261 to 297)
321±71
(296 to 345)
363±70
(338 to 387)
403±91
(372 to 434)
454±96
(420 to 487)
545±129
(500 to 590)
638±132
(593 to 634)
693±141
(645 to 742)
487±178
(462 to 512)

Hip
Adduction
1.11±0.26
(0.99 to 1.24)
1.03±0.21
(0.94 to 1.12)
1±0.27
(0.89 to 1.11)
0.84±0.33
(0.7 to 0.99)
0.90±0.23
(0.8 to 1)
1.03±0.20
(0.96 to 1.10)
1.19±0.27
(1.09 to 1.29)
1.07±0.22
(0.99 to 1.14)
1.03±0.27
(0.99 to 1.07)

Scaled (N.BWb-1)
(95% CI)
Hip Abduction Eccentric Knee Flexor
0.07±0.02
(0.6 to 0.08)
0.07±0.01
(0.6 to 0.07)
0.07±0.01
(0.6 to 0.07)
0.06±0.03
(0.5 to 0.07)
0.06±0.01
(0.5 to 0.07)
0.07±0.02
(0.06 to 0.07)
0.07±0.2
(0.07 to 0.08)
0.08±0.02
(0.07 to 0.08)
0.07±0.02
(0.07 to 0.07)

0.6±0.14
(0.53 to 0.67)
0.62±0.12
(0.57 to 0.68)
0.63±0.12
(0.59 to 0.68)
0.59±0.11
(0.55 to 0.64)
0.59±0.09
(0.55 to 0.62)
0.61±0.09
(0.57 to 0.64)
0.67±0.14
(0.62 to 0.72)
0.63±0.11
(0.59 to 0.67)
0.62±0.12
(0.60 to 0.64)

Table 4.3.1 Injury location, type, severity and classification (total number and
percentage) of 49 non-contact lower limb injuries (excludes 5 secondary injuries; 3
minor; 2 moderate; 4 ankle; 1 knee; 3 ligament; 2 unknown) in 195 professional
academy youth football players over one season.

Injury location

Groin/Hip
Knee Flexor
Anterior Thigh
Knee
Calf
Ankle
Foot

n
13
6
9
10
3
7
1

%
27
12
18
20
6
14
2

Injury type

Muscle
Tendon
Ligament
Cartilage
Joint
Unknown

28
7
5
1
1
7

57
14
10
2
2
14

Severity

1-3 days
4-7days
8-28 days
>28 days

2
7
27
13

4
14
55
27

Classification

Acute
Overuse

44
5

90
10
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4.20.3 Statistical analysis
All statistical analyses were performed using JMP 14.1 (SAS Inc., Cart, North Carolina
USA). Descriptive statistics are presented as means and standard deviations (SD),
unless otherwise stated.

To determine the association between scaled strength

measures, a multivariable logistic regression model was used. Age group was added to
control for development and training exposure (i.e., experience), since incidence was a
function of age-group. The scaled strength measures: hip ADD, ABD and eccentric
knee flexor were included as the independent variables and the presence or absence of
non-contact lower limb injury as the dependent variable. For all analyses, significance
was set as p <0.05. To assess the predictive validity of the multivariable model a
receiver operator curve was used to calculate the sensitivity and specificity. The area
under the curve (AUC) describes the ability of the model to discriminate between
injured vs non-injured players. This AUC score was then interpreted according to
Altman and Bland (1994) classifications of 0.90 to 1.00 (excellent), 0.90 to 0.80 (good),
0.80 to 0.70 (fair), 0.70 to 0.60 (poor) and 0.60 to 0.50 (poor). A decision tree induction
(DTI) was used to aid practitioners in evaluating the outcome of different scaled
strength scores, providing a more in-depth context for practice by the intuitive nature
of this analysis (Morgan, Williams & Barnes, 2013). Age groups and all scaled strength
measures were included in the DTI to provide a hierarchal model of their impact on
non-contact lower limb injury.
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4.21 RESULTS
4.21.1 Multivariable logistic regression
Descriptive statistics for all scaled strength measures are shown in Table 4.2.3 (study
3). The whole model was significant (p = 0.0248). When the individual effects in the
model were considered, scaled hip ADD strength recorded during preseason was
significantly (Odds ratio [OR] = 2.19; 95% CI = 1.10 to 4.35; p = 0.0228) associated
with subsequent non-contact lower limb injury in this cohort of academy footballers.
Scaled preseason hip ABD (OR = 0.14; 95% CI = 0.01 to 2.00; p = 0.1421), eccentric
knee flexor (OR = 1.63; 95% CI = 0.00 to 18110; p = 0.9180) strength and age group
(p = 0.0764) were not associated individually with non-contact lower limb injury. The
predictive validity of the multivariable logistic regressions was fair (AUC = 0.73,
confusion matrix; true positive = 15, false negative = 28, false positive = 7, true negative
= 93).

4.21.2 Decision tree induction
In order of contribution, the variables that featured in the DTI model were age group,
scaled hip ADD and hip ABD (Figure 4.2.2). Players in the under-13 to under-18 age
range that went on to sustain a non-contact lower limb injury were characterised by
scaled hip ADD and ABD scores of >0.67 N.BWb-1 and <0.07 N.BWb-1, respectively.
The players in these cohorts (under-13 to under-18) that had a hip ABD score of >0.07
N.BWb-1 were 18% less likely to sustain injury than players scoring <0.07 N.BWb-1.
However, older players that scored <0.67 N.BWb-1, remained free from non-contact
lower limb injury. In the younger cohorts (under-10- to under-12) those players that
were subsequently injured during season 2018/19 scored <1.19 N.BWb-1 for hip ADD.
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While the players in the under-12 to under-10 ages whom scored >1.19 N.BWb-1 for
scaled hip ADD did not sustain a non-contact lower limb injury during the study period.
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Figure 4.2.2 Decision tree induction analysis of hip adductor strength in 143 male academy footballers.

4.22 DISCUSSION
To the best of the author’s knowledge no previous work has explored the combined use
of novel hip and knee flexor field-based strength tests to predict future injury in male
academy footballers. Using this combination of strength measures was proposed to
give a more holistic insight into the lower limb strength of academy footballers, which
results in the current study being novel in terms of application and cohort assessed
(Jones et al., 2020; Jones et al., 2021). This study has demonstrated that as a whole
model, when controlled for age-group, the association between the three scaled strength
assessments and non-contact lower limb injury was significant. These data suggest that
when controlled for age, scaled hip ABD and knee flexor strength; higher levels of
preseason scaled hip ADD strength were significantly associated with non-contact
lower limb injury in male academy footballers.
The combination of hip and knee flexor strength measures was anticipated to
provide a snapshot of lower limb strength at specific regions associated with greater
injury risk in the academy players used in this study. Being stronger was viewed as a
positive, and would therefore, be a likely candidate for lower limb injury robustness.
What was found, however, was that stronger hip ADD (>0.67 N.BWb-1) was associated
with injury risk (OR = 2.19; 95% CI = 1.10 to 4.35; p = 0.0228) suggesting that balance
between hip ADD and ABD muscle groups may be an important consideration for those
working within an academy setting, especially with older academy players (under-13
to under-18). Based on the model, stronger hip ABD had a protective effect, albeit not
significant (OR = 0.14; 95% CI = 0.01 to 2.00; p = 0.1421). Despite absence of
significance, this finding may still have practical value, since players with a hip ABD
score of >0.07 N.BWb-1 were 18% less likely to sustain injury and the aim was to tackle
the issue of lower limb strength of regions at greatest risk of non-contact (i.e., strain)
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injuries. It is important to note that the association of higher preseason hip ADD
strength with injury should not suggest that greater hip ADD may be an issue and the
recommendation of strengthening hip ADD should be incorporated into conditioning
programmes of academy players. A ratio of hip ADD to ABD balance of 1.2:1 has
been documented in the literature to protect athletes (Mosler et al., 2017). The results
from this study suggest that clinicians and conditioning staff working with male
academy footballers should consider moving away from a reductionist approach to
lower limb strengthening. Instead, focus their efforts on using data obtained from a
comprehensive range of lower limb assessments, similar to the methodology used in
this thesis. This would allow practitioners to provide data driven strength interventions
on a whole group basis and individualise programmes for those the players that do not
respond to a group-based intervention, and therefore, potentially minimise the
development of inappropriate muscle imbalances.
Previous work supports greater hip/groin strength and a reduced risk (OR =
0.71; 95% CI = 0.51, 1.00; p = 0.045) of sustaining future hip/groin injury in a large
cohort of senior professional players (Bourne et al., 2020). In the current study the
players that presented with greater hip ADD strength went on to sustain injury. The
significant association between greater hip ADD strength and injury in this study was
observed in the under-13 to-18 age groups. Although further examination of the DTI
analysis (Figure 4.2.2) suggests remaining injury free was related to achieving a higher
hip ADD strength score in the under-10 to under-12 cohorts. Mosler and colleagues
(2018) recorded similar findings in a large cohort of senior professional footballers,
with higher (HR, 1.6; 95% CI, 1.0-2.5) and lower (HR, 1.6; 95% CI, 1.0-3.0) than
normal eccentric hip ADD strength being associated with future groin injury. These
findings highlight the complexity of identifying athletes who will go onto sustain injury
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with a high level of certainty. It is also possible that the conditioning and medical staff
at the academies used in this study focused on evidence-based hip ADD strengthening
protocols (Harøy et al., 2019) at the expense of hip ABD (Bourne et al., 2020),
particularly with the older aged cohorts. This narrow approach to strengthening the hip
and groin then led to muscle imbalance. A recent clinical appraisal reported the benefits
of assessing hip ADD/ABD ratio to inform support staff of hip strengthening
interventions and reducing injury risk (Rodriguez, 2018). The findings from this study
supports the use of field-based ADD/ABD strength assessments to assist academy
medical and conditioning staff in with data driven training interventions. Exercises
such as lateral band walks, hip hikes and sagittal plane hurdle hops may limit muscle
imbalance to the hip and groin regions and further reduce injury risk in male academy
players (Ford et al., 2011; Stastny et al., 2016).
Greater hip ADD strength observed in this study could be problematic for some
academy players, given the role of hip ABD muscles in contralateral stabilisation of the
pelvis during COD actions (Franklyn-Miller et al., 2017; Renström & Peterson, 1980;
Thorborg et al., 2011). If an inappropriate hip ADD:ABD ratio is not addressed, these
hip muscle imbalances might cause subtle biomechanical changes that reduce pelvic
stability altering COD patterns, athletic performance and increasing injury risk in male
youth players (Franklyn-Miller et al., 2017; Read et al., 2018b; Renström & Peterson,
1980; Rodriguez, 2018; Thorborg et al., 2011; Ueno et al., 2020). Findings from the
current study of stronger hip ADD suggests that academy footballers should priorities
the development of a suitable hip ADD/ABD strength balance at group level to reduce
the risk of future non-contact lower limb injury (Rodriguez, 2018). Moreover, the
association of greater hip ADD strength and injury found in this study highlights the
need to periodically track individual lower limb strength. Assessing lower limb
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strength at regular intervals would inform decisions about tailored programme
development and improve performance of male academy players (Jones et al., 2020;
Jones et al., 2021).
The association between greater lower limb strength and injury observed in this
study is in contrast to that reported in the literature. De Ridder et al. (2017) found that
increased hip extension strength was linked to a reduced frequency (hazard ratio, 0.3;
95% CI = 01.-0.9; p = 0.28) of lateral ankle sprains in academy footballers. Another
recent prospective cohort study investigated hip ABD strength and lateral ankle sprain
injury in 210 football players. The players classified as high risk (i.e., lower baseline
hip ABD strength) were 12% to 27% more likely to suffer a non-contact lateral ankle
sprain injury than their stronger counterparts (Powers et al., 2017). Hip and groin
strength are not the only types of lower limb muscle strength to be related to injury.
Eccentric knee flexor strength derived from novel field-based assessments comparable
to the one used in this study have been related to injury in rugby and Australian Rules
athletes (Bourne et al., 2015; Opar et al., 2015b).

Research conducted on 152

professional A-League footballers found that a preseason eccentric knee flexor strength
score below 337N was associated with increased risk (Relative Risk [RR] = 4.4; 95%
CI = 1.1 to 17.5) of subsequent knee flexor strain (Timmins et al., 2016), similar to
336±71N scored by the oldest cohort in this study. However, closer examination of
data from the under-18 cohort in this study found that only 50% of players achieved the
>337N suggested by Timmins et al. (2016). Such information raises concerns about
the preparation of targeted injury reduction training at youth level. Although this may
not be a surprise since only 11% of high-level European football clubs were found to
have adopted the Nordic hamstring exercise (Bahr et al., 2015). Further work is
required to explore the compliance of evidence-based exercises (i.e., ‘Nordics’) in
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youth development settings. It should also be noted that not all studies have found an
association between eccentric hamstring strength and injury. More recent work over
two seasons in 413 professional football players recorded no significant association
(HR 0.85; 95% CI 0.43 to 1.70) between eccentric hamstring strength using an
isokinetic dynamometer and future hamstring injury (van Dyk et al., 2017). To date
there is a lack of available evidence concerning youth athletes and strength screening
using novel field-based devices for the purpose of injury detection.
A low occurrence of knee flexor (n = 6) and lateral ankle sprain (n = 3) injuries
offers some explanation for the lack of relationship found between injury and scaled
eccentric knee flexor/hip ABD strength (Bahr & Holme, 2003).

However, the

predictive abilities of these strength assessments when combining all non-contact lower
limb injuries might be further weakened. In support of the results reported here, a recent
case control study also found no correlation between isokinetic (hip ABD and eccentric
knee flexor) strength and lower limb injuries in 369 adult professional footballers
(Bakken et al., 2018).

The authors argued that a potential contributor to their

observations was the inclusion of all lower limb injuries, as this could have ‘diluted’
the ability of strength measures to predict subsequent injury. Although, practitioners
working in academy settings should still consider the development of targeted lower
limb strength in an effort to reduce time loss injuries and maximise player development.

4.22.1 Methodological considerations
Caution should be taken when considering these findings since pooling all lower limb
injuries, may have led to a ‘watering down’ of specific strength and injury relationships.
For example, the small number knee flexor muscle strain (n = 6) injuries likely limited
the statistical power and played a role in the lack of association with the remaining
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scaled strength scores (Bahr & Holme, 2003). In contrast, the larger number of injuries
sustained to the hip/groin area recorded in this study (23%; n = 11) might have
contributed to the statistical relationship between scaled hip ADD strength and future
non-contact lower limb injury. These associations should be interpreted with caution
due to the study duration being only a single football season, which resulted in a small
sample size of injured players. Closer examination of the sample size of injured players
(n= 49) across eight different age groups used in this study could be classified as very
poor according to previous work (Tabachnick and Fidell, 2001). Therefore, not
providing the sufficient statistical power for the DTI analysis to predict the strength
thresholds that are responsible for injury. Furthermore, the number of false negatives
(n= 28) resulted in misclassification of players that were predicted to remain injury free,
but in fact sustained a time loss non-contact injury.
Clinicians and conditioning staff at the respective academies were not blinded
to the preseason strength testing results, which may have hindered internal validity. It
is plausible that staff members implemented preventative measures to improve those
players that scored below normal on preseason strength assessments, and such measures
may have influenced the injury outcomes. The time loss injury definition may also be
viewed as a limitation since excluding non-time loss injuries has been documented to
result in the under reporting of overuse injuries (Clarsen et al., 2015). Players often
choose to continue to train and play with overuse injuries, and therefore, not fully
impairing the development process. Another perceived weakness of the current study
may be the exclusion of maturational offset.

Issues around maturational offset

equations such as, large errors for maturity (e.g., over estimating older players and
under estimating younger player) has been discussed previously (Gunter et al., 2007;
Malina & Kozieł, 2014). Given, this and the fact that the cohort of male youth players
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in this study were heterogeneous in bodyweight, allometric scaling of all strength
measures was used (Nevill & Holder, 1995). Allometric modelling is considered valid
for evaluating muscle strength variables independent of body weight (Nevill & Holder,
1995; Cleather, 2006). Moreover, the time constraints associated with testing a large
cohort of academy football players prior to training might be viewed as a further
weakness. Potentially such restrictions might have resulted in players not achieving
full recovery between maximal lower limb contractions, but the protocols are consisted
with previous work (Jones et al., 2020; Jones et al., 2021; O’Brien et al., 2019; Opar et
al., 2013a; Ryan et al., 2018).

Assessing a combination of field-based strength

measures in academy footballers, could be viewed as a positive since it provides a
universal appreciation of lower limb strength, that is rarely presented in the literature
(Jones et al., 2019; Jones et al., 2020; Jones et al., 2021). The combined data sets from
these strength tests makes this study innovative in application and the cohort assessed.
Caution should also be exercised concerning the observations from this study
since they may be population specific and it remains unknown if they are generalisable
to other populations. Moreover, each football club tends to have unique training and
match selection processes, again limiting the transfer of these findings to other clubs.
Future work on youth athletes should investigate associations of strength and injury.
Similarly, further research is required to develop evidenced based hip strengthening
protocols (i.e., exercises, ratios, volumes and intensities) to guide practitioners to offset
injury risk factors within academy settings.
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4.23 PERSPECTIVES
Higher preseason levels of scaled hip ADD strength were related to injury in the older
age groups (under-13 to under-18) while at the same time greater levels of scaled hip
ADD strength were also associated with being injury free in the younger cohorts (under10 to under-12 ages). The data in this study highlights the complexity of using lower
limb strength assessments to detect future non-contact injury and using a narrow
training focus may have consequences in a cohort of academy footballers. Combining
all non-contact lower limb injuries likely resulted in a broadening of the associated risk
factors, which in turn weakened the predictive value of some of the scaled strength
assessments (hip ABD and eccentric knee flexor) employed in this study. Similarly,
the few number of injuries that occurred number of non-contact lower limb injuries also
may have impacted on the associations observed in this study, due to a lack of statistical
power. The findings from this study do suggest that scaled hip ADD/ABD and
eccentric knee flexor strength may be of practical use within an academy setting to
inform training aimed at reducing injury risk. Data from these strength assessments
can be used to inform injury reduction strategies and provide information to aid tailored
training prescription.
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4.24 THESIS MAP
Chapter 4 Study 2: Field based lower limb strength tests provide insight into sprint and
change of direction ability in academy footballers
Objective
Explore the collective and individual associations between a combination
of field-based lower limb strength assessments with sprint and COD
performance
Key findings
Collective associations between scaled field-based strength assessments
(CMJ-impulse, hip ADD and eccentric knee flexor) exist with game and
training-based task such as sprint and COD (adjusted R2 = 0.78, p <0.001).
Scaled CMJ-impulse and hip ADD showed greater relationships with
linear sprints (5m; adjusted R 2= 0.59, p <0.001; 10m; adjusted R2 = 0.59,
p < 0.001; 20m; adjusted R2=0.71, p <0.001). Mean 505 performance was
also predicted by scaled CMJ-impulse, hip ADD and eccentric knee flexor
(R2 = 0.70, p <0.001). On and individual basis scaled CMJ-impulse and
hip ADD contributed more to linear sprint while eccentric knee flexor was
more related to COD. Such information justifies there use within for
assessing lower limb strength in academy football.
Chapter 4 Study 3: Strength development and non-contact injury in academy footballers
across age groups
Objective
Investigate the impact of sustaining a non-contact lower limb injury on hip,
groin and knee flexor strength development in male academy footballers
using field tests.
Key findings
Non-contact lower limb injury had only a trivial effect on lower limb
strength development over a single football season ADD (p = 0.4078 ES
0.3) ABD p = 0.9464, ES 0.1) or eccentric knee flexor (p = 0.5107, ES 0.3).
Players considered stronger at pre-season suffered a subsequent loss of
strength, whereas weaker players continued to develop lower limb strength
(p <0.001). The only strength variable to differ from baseline to end of
season was ABD p <0.001).
Chapter 4 Study 4: Do preseason lower limb strength measures predict subsequent noncontact lower limb injury in male academy footballers
Objective
Explore the association between preseason measures of lower limb
strength and future non-contact injury in male academy footballers
Key findings
Higher levels of preseason scaled ADD hip strength was significantly p =
0.0255) associated with subsequent non-contact lower limb injury in this
cohort of academy footballers. However, scaled hip ABD (p = 0.1478) and
eccentric knee flexor (p = 0.9181) strength measured at preseason did not
indicate and relationships with future non-contact injury.
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Chapter 5.0
General discussion and conclusion
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5.1 INTRODUCTION
This final chapter combines the findings from the systematic review and each of the
empirical studies and considers their implications within the wider perspective of
strength, injury, and performance in academy football. To achieve this objective the
chapter is divided into seven sections. In the first of these sections, a summary of the
main research findings from this thesis are outlined.

Secondly, conceptual and

methodological implications that emerged from the systematic review and each of the
empirical studies are combined and discussed. Following this, strengths and limitations
associated with the methodologies used in this thesis are presented and considered
separately in sections three and four, respectively. Section five outlines the important
practical implications for those in an academy setting that are tasked with planning and
implementing athletic development programmes. The penultimate section six suggests
recommendations for future research that may extend knowledge of injury
epidemiology, performance, and injury modelling for academy footballers. Finally,
section seven concludes with the key assumptions from this programme of research.

5.2 Summary of studies
The overarching aim of this programme of research was to explore the associations of
lower limb strength, injury, and performance in academy footballers by: 1)
systematically reviewing injury prevalence, incidence and severity in high level youth
football; 2) exploring a suite of novel field-based strength assessments and their
relationships with sprint and COD performance in male academy players; 3)
investigating the impact of non-contact lower limb injury on hip, groin and knee flexor
strength development across age groups; and 4) prospectively exploring the association
of scaled lower limb strength measures and subsequent non-contact lower limb injury.
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Study 1 demonstrated that youth players had a high probability of sustaining a
time loss injury during one season and similar injury prevalence, incidence and severity
to that reported in senior football. Youth players also suffered long absences from
training and competition as a result of injury. Furthermore, similarities between
academy and senior footballers were found with the lower limb being the most common
location of injury with injuries to the hip/groin and knee flexor featuring prominently.
In light of these similarities, it was considered important to understand if commonly
used novel field-based strength assessments (i.e., hip/groin and knee flexor strength)
were related (individually and collectively) to competition and training-based tasks
(i.e., sprinting and COD) in male academy football players. Establishing the role of
these strength measures would in part support their use for understanding athletic
development and injury risk in male youth footballers.
Therefore, study 2 explored the associations of novel field-based strength
assessments (scaled CMJ-impulse concentric, eccentric knee flexor and isometric hip)
and linear/COD speed abilities. A unique finding of this study was the collective link
between strength measures (CMJ-impulse, hip ADD and eccentric knee flexor) and the
speed at which game and training-based tasks of sprinting and COD are performed.
Individually, CMJ-impulse and hip ADD contributed to linear sprint speed by their role
in joint flexion and extension of the ankle, knee and hip, with eccentric knee flexor
strength being an additional feature for COD performance where knee stabilisation and
force absorption are required. The novel insights from study 2 highlight the potential
suitability of emerging lower limb strength assessments for longitudinal tracking,
markers of reference for players in RTP regimes and evaluating athletic enhancement
programmes within an academy setting.
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Study 3 aimed to investigate the impact of sustaining a non-contact lower limb
injury on hip, groin and knee flexor strength development over a typical academy
football season. The findings from this study provided evidence that in the regions
commonly injured, no marked differences were found between those who sustained
lower limb injury and those who remained injury free. This observation may suggest
that time absent from training and competition involved rehabilitation protocols that
provided an appropriate stimulus to continue strength development without detriment.
However, it could also suggest that avoiding injury sees a change in focus to rest and
recovery between training and matches. An important novel finding from study 3 was
that the players who presented with greater preseason strength levels, subsequently
recorded a loss of strength by the end of the season.
The final study (study 4), aimed to complete the exploration into the efficiency
of the strength testing protocols and assess the relationship between pre-season
measures of strength and subsequent non-contact lower limb injury in male academy
footballers. Academy players that presented at preseason with greater groin strength
went on to sustain a non-contact injury. This finding challenges the assumption that
stronger individuals are more robust and therefore, less likely to sustain injury. When
hip ADD increases beyond a threshold (i.e., >0.67 N.BWb-1) it is possible this may have
caused a pelvic muscle imbalance if the hip ABD are not sufficiently strengthened (i.e.,
<0.07 N.BWb-1).

However, greater hip ADD strength was also associated with

remaining free injury for players in the younger teams (under-10 to under-12), further
highlighting the complexity of using lower limb strength assessments to detect future
non-contact injury in a cohort of academy footballers. It is also important to note that
the younger players are often less explosive and less likely to sustain strain injuries.
These younger players (under-10 to under-12) are exposed to a reduced training volume
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compared to players in the professional development phase of the EPPP. Perhaps the
combination of younger academy players being less explosive, at a different stage of
pelvic development and having less exposure to training provides changes in injury risk
factors when compared to their older peers.

5.3 Conceptual implications
The following section discusses the main conceptual implications that have collectively
emerged from the systematic review and each of the three empirical studies. These
include (1) the high prevalence of hip and groin injuries, (2) injury increasing with age
group, (3) loss of football development time as a result of injury, (4) a universal
approach to lower limb strength screening in academy football, (5) the use of DTI
analysis within a strength training programme design context, and (6) conflicts of a
working applied practitioner vs a researcher.
In the hope of developing future professional footballers, clubs annually invest
significant financial resources into training facilities, coaching, analysis, welfare,
medical, sports science and conditioning staff (European Club Association, 2019). All
of those practitioners are involved in the process of player development but it is
medical, sports science and conditioning staff that are often tasked with ‘keeping
players on the pitch’. Increasing exposure to training and competition is vital, so that
young footballers can train to improve tactical, technical, physical and psychological
skills. An important part of reducing a players’ absence from training and competition,
is to limit injury prevalence and severity. To assist in this, the ‘sequence of prevention
model’ was proposed by Van Mechelen et al. (1992) in relation to sports injury, it is
argued that the first step is to establish the extent of the problem using injury
epidemiology.
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Chapters 2 presents the extent of injury prevalence, incidence and severity in
youth football. The lower limbs were the most affected locations, not surprising due to
football being mainly played with the lower limbs. Injuries to the hip and groin also
featured prominently in study 2 (9-28%), this finding was also supported in chapter 4,
with 23% of all non-contact injuries being sustained to these regions (Table 4.2.1). Hip
and groin injuries have been noted as a predictor of future missed game time at senior
level (Gabbe et al., 2010). The consequences of sustaining an injury to the hip/groin
should not be underestimated. Recent work by Larruskain et al. (2021) found only 1 of
16 players that reached the first team suffered from groin related issues during their
time as an academy player. In the same study, groin problems were also negatively
associated with player continuity for under-19 and 2nd/3rd team players. A problem with
injuries to the hip and groin regions is that players often continue to train and compete
until the symptoms become unbearable leading to chronic pain and eventually a time
loss injury (Harøy et al., 2017; Mosler et al., 2017). To have a comprehensive
understanding of the burden of hip and groin issues within an academy setting, injury
surveillance systems beyond a time loss injury definition are required (Clarsen et al.,
2015).
It might be that academy footballers are predisposed to hip and groin injuries
due to morphological changes that can occur during adolescence as a result of the
frequency and/or duration of football training and match loads that are applied while
the growth plates in the pelvis remain open (Tak et al., 2015). The stresses caused
during football training and matches combined with rapid increases in exposure might
be placing academy footballers at greater risk of sustaining injury. It is also possible
that the role of hip/groin musculature in activities such as, sprinting and COD further
increase the risk of injury to this location. The first of the empirical studies, found that
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hip ADD strength was an important collective (adjusted R2 = 0.78, p <0.001; R2 = 0.59,
p <0.001; R2 = 0.71, p <0.001; adjusted R2 = 0.70, p <0.001) and individual contributor
(p = 0.0262; p = 0.0383; p = 0.0175) to sprint, COD and ‘running ability’ performance.
Cutting manoeuvres observed within COD movements are characterised by fast muscle
lengthening and eccentric contraction of the hip ADD (Dupré, Tryba & Potthast, 2021).
Moreover, short submaximal passes have been observed to apply high stress on the hip
ADD muscles and pubic symphysis (Dupré et al., 2020; Dupré et al., 2021). To develop
technical abilities coaches might use submaximal passing exercises on a regular basis,
similarly strength and conditioning coaches train cutting manoeuvres as part of athletic
development, in particular to improve multi-directional speed.
The hip and groin problems experienced by academy footballers in study 1 and
study 3 could be a function of applying high forces to a developing pelvic region with
inappropriate periodised training and match plans. For example, spikes in training
loads (i.e., accumulated GPS-derived 3-weekly accelerations, 4-weekly total distance
and 1-weekly training loads) have been significantly associated with increased risk of
non-contact injury in academy footballers (Bowen et al., 2017). Furthermore, the linear
nature of the EPPP model might initially add to spikes in training load and the related
increased risk of injury. When players first progress from the youth development to
the professional development phase there is the potential for a 15% increase of training
duration (i.e., training volume). Recently, Hannon et al. (2021) documented increases
of training intensity in the form of greater weekly accumulated high-speed running
(25%; 19.8 to 25.2 km·h-1) and sprinting distances (23%; >25.5 km·h-1) for an under18 team when compared to under-16 players at the same club. The increases of intensity
are likely the result of a higher standard of play and the merging of two school years.
Those younger players (i.e., first year scholars) have to train and compete with older
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players (i.e., second year scholars) that are potentially at an advanced stage of maturity
(e.g., physically larger, stronger and faster) and in addition, have been exposed to a
year’s fulltime training. In this situation, the first years scholars would be exposed to a
‘double overload’ (i.e., increases in training volume [duration] and intensity [speed]).
It is therefore a priority that support staff and football coaches carefully plan to
manipulate training volume and/or intensity to avoid spikes of training load when
players first enter a new development cycle. These training plans should also include
sufficient recovery periods between training and competition that are specific to the
physiological requirements of academy players (Buchheit et al., 2011; Rowsell et al.,
2009).
Additionally, transferring knowledge from large scale adult injury reduction
randomised controlled trials (RCT) into academy settings might also be problematic for
hip and groin injury in academy footballers. Recent RCT’s using adult cohorts have
found that isolated strength exercises prescribed to the hip ADD muscle group had a
significant impact on reducing hip/groin injury (Harøy et al., 2019; Ishøi & Thorborg,
2021). However, greater hip ADD strength was associated (OR = 2.19; 95% CI = 1.10
to 4.35; p = 0.0228) with future injury in academy footballers (study 4) and balance of
the hip/groin muscles (i.e., ADD and ABD ratio) might be more useful for academy
footballers still undergoing pelvic development. Especially, given the role of hip ABD
muscles in contralateral stabilisation of the pelvis during COD actions (Franklyn-Miller
et al., 2017; Renström & Peterson, 1980; Thorborg et al., 2011). This information
highlights that a reductionist approach although successful in some adult populations,
might be re-considered for youth athletes, due to fluid transition of injury risk factors
that are dependent on biology and morphology (McKay et al., 2016; Read et al., 2018b).
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Another concept throughout study 1 (chapter 2) and empirical studies 3 and 4, in this
programme of research, is that of a high injury prevalence and severity in an academy
setting. Study 1 found that 18% injuries analysed in the meta-analysis were ranked as
severe similar to study 3, which reported 21% of non-contact injuries requiring a
minimum of >28 days recovery time. Although injuries sustained to the lower limbs
did not result in any significant neuromuscular inhibition in study 3 (Table 4.2.3), they
did cause absence from football training and competition ranging from 3 to 97 days
(Table 4.2.2). Clubs have had to invest into staffing at youth academies (i.e., medical,
sports science and conditioning) as part of a statutory requirement of the EPPP. This
investment might have improved injury prevention and rehabilitation strategies by
providing greater sports science and medical provisions for all of the academy cohorts
(Tears et al., 2018). Recent investment into academies have standardised minimum
operational procedures that includes injury databases. Therefore, the quality of the
injury surveillance process such as identification, monitoring and reporting of injury
may be partially responsible for the higher rate of injury at the higher levels of academy
football.
However, the difference in time lost to severe injury found between studies 1
and 3 should be interpreted with caution, mainly because only 25 muscle injuries from
two clubs (n = 143) of the same country were used for study 3. In comparison, study 1
reported data from eight countries, 7953 players, over 71 seasons and 2346 muscle
injuries, given the larger amount of data the findings from study 1 could be viewed as
providing a more generalised perspective of injury in an academy context. Although
time lost to injury remains cause for concern for players, parents, academy staff and
other stake holders. Staying fit and free from injury is vital for all academy footballers,
but of particular importance to those in the older cohorts (under-16 and -18 age group),
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with it being at these age groups that coaches and other stake holders make decisions
on youth and professional contracts. However, study 1 found that twenty of the twentythree studies used for the systematic review and meta-analysis reported that injury
incidence increased with chorological age group. This concept was also supported by
study 3, where the most injured cohort was that of the under-18 team with 13 players
injured over the course of a season (Figure 4.2.1), which resulted a total training
absence of 245 days (Table 4.2.2). Reducing time spent in football practice for young
talented footballers has negative consequences for example, slowing or even halting
technical skill development and also increasing the likelihood of drop out (Figueiredo
et al., 2009; Ward et al., 2007). These findings have recently been supported by a
survey of eighteen academy technical directors, who viewed injury as having a
damaging impact on a range of key attributes including tactical, technical and physical
(McCall et al., 2016). In the same study it was concluded that injury sustained while in
a professional football academy was negatively associated with a players’ transition to
the senior team. Injury does not only have the potential to limit career opportunities
within the professional game, but also impacts on long-term health and well-being
(Drawer & Fuller, 2001; Grimmer et al., 2000). Such findings call into question the
suitability of training processes that are employed with the older age groups within a
football academy.
To better understand injury prevalence and lower limb strength the data
presented in each of the empirical studies offers an alternative approach to assessing
lower limb strength of academy footballers. Traditionally, isokinetic dynamometry has
been used for clinical and strength training evaluations in sports (Gleeson & Mercer,
1996).

Yet, this method is costly, time consuming, often requires substantial

familiarisation and has limited transfer to sports tasks (Croisier et al., 2002; Iga et al.,
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2009; Sconce et al., 2015). With these in mind, the current research programme sought
to apply a universal approach to the strength screening of academy footballers using
recently developed field-based testing equipment (e.g. Nordbord(patented) and Force
FrameTM Vald Performance, Albion, Australia). Using such an approach, study 2
provided some justification for the concept of using a combination of lower limb
strength tests in a professional football academy, due to the insight they provide into
key training and game-based tasks (Table 4.1.2). Important information can emerge
with a universal approach to assessing lower limb strength for example, the
overestimation of NHS contribution to linear sprint in academy footballers. When
additional strength tests are applied, they can provide a more comprehensive
understanding of the complex interactions of the different strength types used in athletic
movements (Northeast et al., 2017). Study 3 also used this universal method to lower
limb strength screening to explore the impact of injury on strength development,
expanding on previous work that was conducted on adults cohorts (Morrissey et al.,
2012; Opar et al., 2013b; Opar et al., 2015a). Similarly, study 4 built upon the findings
of study 3 and also those of previous research (Bourne et al., 2015; Bourne et al., 2020;
Opar et al., 2015b; Timmins et al., 2016) by using combined strength tests to investigate
their association with lower limb injury in a youth cohort.
The universal approached described in each of the three empirical studies
addresses the concerns raised around inappropriate exercise technique with maximal
strength testing of foundation phase aged players (i.e., 9 to 11 years old) within the
EPPP framework (Faigenbaum, Milliken & Westcott, 2003; Jenkins & Mintowt-Czyz,
1986). These assessments also allow maximal muscle force to be applied whether
players are injured or free from injury, provide multiple measures of different types of
strength (i.e., isometric and eccentric) and allow for comparison for between limb
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imbalances. Therefore, allowing players to be periodically monitored throughout early
and end stage rehabilitation through to and beyond being available for team selection.
The approach outlined in each of the empirical studies within this thesis supports the
concept of a holistic approach to the assessment of lower limb strength specifically to
regions identified in study 1 and 3 as being susceptible to injury. Moreover, these lower
limb strength assessments also have the potential to further expand the study of muscle
function in rehabilitation and strength training contexts for players of all the
development phases within football academies.
A feature that might further aid the interpretation of data derived from universal
lower limb strength screening is that of DTI analysis. This type of analysis has
previously been used to provide the interactions between performance indicators and
competition in sports ranging from football, rugby sevens to more recently mixed
martial arts (Higham et al., 2014; James et al., 2017; Morgan et al., 2013). Yet, to date
their application within strength training by sports clinicians and conditioning coaches
has been limited. Study 2 used this analysis to offer a hierarchical solution to classify
the interaction of lower limb strength and ‘running ability’ (Figure 4.1.0) whereas study
4 also employed this analysis to explore lower limb strength and non-contact injury
(Figure 4.2.2). The branches of these trees are defined by rules that causes the further
splitting (i.e., branches) of strength values in a way that allows for discrimination
between strength variables (Morgan et al., 2013). Therefore, DTI analysis could
potentially assist in the evaluation of programme design by adding perspective in the
decision-making framework. Several decision-making frameworks have been put
forward for sports coaching (Richards, Collins & Mascarenhas, 2017) with fewer
frameworks focused on strength and conditioning programme design. One such model
by Till and colleagues (2019), proposed a three-stage conceptual framework (i.e., the
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who, the what, the how) for decision-making involved in strength and conditioning
(Figure 5.0). The same group argued that the ‘what’ is based on scientific knowledge,
which drives effective programme design.

Figure 5.0 Framework for decision making for strength and conditioning coaching.
Adapted from Till et al. (2019).

Figure 4.1.0 outlines the DTI analysis that distinguishes those players that have
insufficient hip/groin strength but have sufficient CMJ-imp score. Similarly, the DTI
framework in study 4 (Figure 4.2.2) can differentiate between players with a higher and
lower risk of non-contact lower limb injury. Employing DTI analysis could further
enhance the effectiveness of individualised athletic development regimes by supporting
clinicians and conditioning coaches with targeted information about strength training
focus, exercise selection and athletic bench marking. Moreover, DTI analysis aids
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practitioners with a data driven decision-making process that creates a simple
framework for use in strength training programme design.
Although innovative statistical procedures can aid the decision-making process
for training prescription within an academy setting.

Balancing applied

clinical/conditioning support and academic research decisions in an academy setting
can be conflicting. This is evident by club staff not being blinded to the results of
preseason lower limb strength assessments. In this situation the researcher may see
interventions from other staff members that negatively impact on internal and/or
external validity. For example, some of the players used in this thesis were considered
to have scored poorly in comparison to their peers, which was established by the
individual clubs using a mean age group strength score for each of the lower limb
assessments. Medical and conditioning staff at the respective clubs may then have
planned and delivered interventions for those players that scored below the group mean,
with the aim to develop lower limb strength. While training inventions aimed to
improve lower limb strength are not ideal from an internal validity perspective. It
would not be acceptable to ignore these results since the role of academy medical and
conditioning staff is to develop future footballers for the first team, with strength being
an integral component of a players development.
Similarly, in-season adjustments in the football periodisation training model
would also likely have some impact on internal validity (i.e., end of season strength
score and injury risk). In an ideal research environment, the exposure to a field-based
training programme would be controlled and the same training loads applied to all
academy players.

However, in a professional football club environment applied

practitioners can be required to adjust volume and intensity on an individual and team
basis for internal (i.e., to avoid spikes in training load) and external (i.e., late notice of
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re-arranged or new fixtures) reasons. Academy players particularly those in the under18 team can be called up to train with the first team on an ad hoc basis, which would
provide a different training stimulus to those players not chosen by the first team staff.
An implication of these training load adjustments and not blinding club staff to the
preseason strength scores was stronger ecological validity of the results presented in
this thesis. Allowing staff members to continue to support the physical requirements
of all academy players provided a naturalistic situation of everyday clinical,
conditioning and football practice within professional academy settings (Andrade,
2018).

5.4 Methodological strengths
There are several strengths associated with this programme of research. The large
number of studies used for the systematic review (chapter 2) included several teams
across a number of diverse regions, which is a strength as it allows the findings to be
generalised to high-level youth footballers across Europe (Jones et al., 2019). Another
strength of this programme of research particularly studies 2, 3, and 4 is that the data
offers some response to the recent calls for normative strength scores of 'injury prone’
regions [i.e., hip/groin and knee flexor (Jones et al., 2019)], data on seasonal variation
of lower limb strength during an academy season (Hodgson et al., 2015) and an update
of reference values for sprint, COD and CMJ performance (Gonaus et al., 2019) of male
academy footballers. A unique feature of methodologies adopted was that multiple
strength assessments were performed to locations associated with a high injury
prevalence, which addresses the limitations of studies using similar strength testing
equipment (Bourne et al., 2015; Bourne et al., 2020; Opar et al., 2015b; Timmins et al.,
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2016). In addition, including all three development phases of the EPPP increases the
generalisability of the findings to players within the academy system.
The datasets within this thesis also provide clinical and conditioning staff with
a comprehensive longitudinal picture of male academy footballers’ lower limb strength
in locations that are reported to have a high injury prevalence (Jones et al., 2019). This
information will aid the design and evaluation of injury reduction, strengthening
programmes and judgements on RTP following lower limb injury (Bakken et al., 2016;
Emmonds et al., 2016; Paul & Nassis, 2015). Therefore, this thesis addresses the
paucity of research that is specifically related to academy footballers (Jones et al., 2019;
Jones et al., 2020; Jones et al., 2021).

5.5 Methodological limitations
There are some limitations associated with this programme of research. In study 1, the
large ranges found in injury incidence rates, location, type and severity was likely
caused by heterogeneity of injury definitions in the reviewed articles.

Injuries

categorised as ‘overuse’ lacked definitions, and since players can often continue to play
with this type of injury this might have resulted in under-reporting in the articles
evaluated in the systematic review. Twenty-three research papers were included in the
systematic review, with data being collected by a wide range of personnel. It is likely
that the different medical staff introduced a source of bias for example, when clinicians
are involved with injury data collection its suggested that the rates of injury are
significantly affected (Wik et al., 2019).
Since testing for study 2 took place mid-season, and to minimise the
environmental factors, an indoor 3G playing surface was used. This surface could have
modified players natural movement patterns. Lower body limb lengths and other body
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asymmetries were not accounted for in this study and may have altered linear sprint and
COD abilities. Some of the academy players that participated in study 2 might not have
reported non-time loss injuries (i.e., heel, knee or groin pain), and it is possible that
such issues could have had some impact on strength and speed abilities. For all
experimental studies, players were grouped according to their respective chronological
age. A limitation of age-based grouping is that it does not consider the timing or
intensity of maturation (Beunen & Malina, 2008; Malina et al., 2015) and employing a
method based on biological maturation would be of greater benefit. Maturational off
set equations have been proposed as a field-based assessment of maturation (Malina &
Kozieł, 2014), however, these equations have been reported to have reduced accuracy
the further away a player is from peak height velocity (Gunter et al., 2007). Estimations
of predicted adult height first proposed by Khamis and Roche (1994) has also been
offered as an alternative non-invasive method of assessing somatic maturation in
academy footballers. The sample data from this study (Khamis & Roche, 1994),
recruited only white children and adolescents that were considered economically welloff from southwestern Ohio (Fransen, Skorski & Baxter-Jones, 2021). In contrast, the
participants used in this thesis, who were multi-ethic and from financially diverse
backgrounds. With this information in mind, no accurate assessment of maturational
status was available to this programme of research. Separation by chronological age
was used in this thesis, as this is how academy players train and compete at their
respective clubs. To limit the effects of BW on the lower limb strength variables used
in each of the empirical studies, an allometric scaling model was employed. Previous
work has identified allometric modelling as being effective for apprising strength
related variables independent of BW (Cleather, 2006; Jaric, Mirkov & Markovic, 2005;
Nevill & Holder, 1995). However, it is likely that some players used in this thesis were
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undergoing maturity related changes such as increases in serum androgen hormones.
These hormonal factors could have influenced some players strength and linear
sprint/COD performance in each of the empirical studies (Vänttinen et al., 2010), this
may have also impacted on injury risk (i.e., competitive inequity).
The time constraints associated with testing a large cohort of academy
footballers prior to training might be viewed as a further weakness. These restrictions
might have resulted in players not achieving full recovery between maximal lower limb
contractions, but the protocols used in studies 2, 3 and 4 are consisted with previous
work (O’Brien et al., 2019; Opar et al., 2013a; Ryan et al., 2018). Studies 3 and 4 did
not blind muscle strength scores from the medical staff at the respective football clubs
and also provided no control for any preventative strategies that may have been
implemented, due to the players strength scores, such factors may have introduced a
risk of bias. Moreover, these studies (3 and 4) also used time loss injury definitions. It
is likely that only recording time loss injuries results in under reporting of overuse
injuries (i.e., hip/groin, knee and ankle) that are present in footballers of academy age
(Clarsen et al., 2015). This type of injury might have also influenced end of season
strength scores for study 3. Since players may well have been suffering pain from an
overuse injury, but were able to continue to train and compete (Clarsen et al., 2015;
Harøy et al., 2017). There is also the potential for some players not to report their injury
to club medical staff in an effort to avoid training restrictions and maintain their place
in the team for the next competitive game (Nilstad et al., 2014; Vella et al., 2021).
Both training load and exposure data were not included in study 3 and 4, limiting the
understanding of how transient increases in volume and intensity effect injury in
academy footballers. The sample size of injured players used in study 4 could also be
viewed as a limitation and might have resulted in a lack of statistical power. It has been
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argued that for this type of prospective cohort study design fifty injured participants
would be required per lower limb strength measure to provide adequate statistical
power (Tabachnick & Fidell, 2001). Translating this to empirical study 4, a sufficient
sample size for an injured cohort would be 150 academy players.

Finally, all of the

empirical studies in this thesis focused solely upon male academy footballers, limiting
the generalisability of the findings to other sports, athletes, performance levels and in
particular females (Jones et al., 2020; Jones et al., 2021).

5.6 Practical implications
A number of important practical implications emerge from the findings of this thesis
for strength and conditioning specialists and medical professionals involved in academy
settings. The data from chapter 2 could be used to inform the design of injury reduction
and training programmes specific to academy players. Moreover, the age-related injury
trends reported in the systematic review also suggests that those working with academy
footballers should consider age specific periodised training plans. Annual training
regimes for academy players should include carefully planned progressions with
gradual increases in either volume or intensity, in an effort to offset the high injury
prevalence observed in the older cohorts (Jones et al., 2019).
In chapter 2, large ranges (34% to 72%) were observed for injury prevalence in
training for under-9 to under-21 age groups (Bacon & Mauger, 2017; Deehan et al.,
2007; Hawkins & Fuller, 1999; Le Gall et al., 2006; Le Gall et al., 2007; Nilsson et al.,
2016; Price et al., 2004; Renshaw & Goodwin, 2016; Tears et al., 2018). Different
coaching styles could play some role in the wide ranges of injury prevalence reported
in academy football training. In support of coaching style influencing injury prevalence
Ekstrand et al. (2018a) reported that the head coaches leadership style was associated
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with injury rates and players availability in a study that used 36 elite (senior) European
football clubs. Verbal encouragement from coaches has been documented to increase
playing intensity of small sided games (Rampinini et al., 2007). If these increases of
training intensity are not applied in a progressive manner they could create spikes in
training loads and increase injury risk. Bowen et al. (2017) found that spikes in training
loads (i.e., accumulated GPS-derived 3-weekly accelerations, 4-weekly total distance
and 1-weekly training loads) significantly increased the risk of non-contact injury in
academy footballers. Another factor that has the potential to influence the occurrence
of injuries sustained in training could be climate. The winter months in the northern
hemisphere are often colder and wetter, this could cause variations in training surfaces,
which increases injury risk (Orchard, 2002). These alterations of pitch conditions might
lead to coaches deciding to train on 3-G surfaces. A combination of training on one
surface and playing on another may present academy footballers with a wider range of
injury risk factors. To date, there is little available research that has investigated the
impact of changing between 3G and natural grass surfaces on injury incidence in
academy football.
Incidence of injury in academy football could also be influenced by a clubs
principle of play. Playing principles such as the ‘Gengen’ press might require more
high intensity running, accelerations and decelerations to simultaneously close spaces
around the ball to limit passing options and press the player in possession of the ball at
speed. Therefore, shaping specific physical activity profiles (i.e., number and velocity
of accelerations and decelerations, high intensity distances covered) in training and
competition, which provides the stimulus for adaptation and exposure to injury risk.
The concept of injury incidence being influenced by principles of play also has
implications for generalisation of the findings from this thesis since only two EPPP
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academies were used in this thesis. It is possible that principles of play could explain
some of the differences between countries of injury incidences reported in chapter 2.
Study 2 (chapter 4) sought to explore relationships between novel strength tests
and sprint/COD abilities in a large cohort of academy footballers. An important
practical implication of this study is that a suite of strength measures can provide a more
in-depth insight into the strength base of academy footballers. Therefore, allowing
those responsible to make informed decisions about athletic development programmes
and exercise selection to improve COD and sprint performance. The results of study 2
also suggest that NHS features in COD performance and does not hinder sprinting,
COD or ‘running ability’ and therefore, justifies the use of novel field-based strength
assessments within athlete development plans of academy footballers. Finally, this
study also presents physical data from all EPPP development phases, which has
practical implications for those working in academy settings.

For example, by

providing data on a range of physical abilities (i.e., sprint, COD, CMJ, eccentric knee
flexor, isometric hip ADD and ABD) might help conditioning coaches and clinicians
in the development of reference scores for their own players (Emmonds et al., 2016).
Study 3 (chapter 4) found that stronger players at the start of pre-season lost
strength by the end of season, which is in line with a recent study by Lloyd et al. (2020).
Undertaking Copenhagen and Nordic exercises using sets and repetitions (i.e., at
bodyweight) failed to provide a sufficient stimulus for those stronger academy players
used in study 3.

Recent work investigating the dose-response relationship of

Copenhagen exercise suggests that stronger individuals should aim for 500 to 800
repetitions over a 6 to 8-week period (Ishøi & Thorborg, 2021).

While

recommendations from large scale RCT’s suggest using a high number of repetitions,
most of this work has taken place with adult amateur cohorts (Ishøi & Thorborg, 2021;
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Jensen et al., 2014; Harøy et al., 2019). Implementing such a high volume of repetitions
in an academy environment might be difficult with players already involved in
significant volumes of training, match play and education.
Moreover, it is widely accepted in the strength training literature that maximal
strength adaptations can be comprised if repetitions continue to increase and this tends
to develop endurance type characteristics (Suchomel, Nimphius & Stone, 2016). To
further drive strength adaptations and ensure supramaximal intensity is maintained for
exercises like ‘Nordics’, practitioners working in an academy setting should give
thought to prescribing additional weight (Presland et al., 2018). Previous research using
an adult cohort suggested increments of 2.5 kg (Presland et al., 2018); however, there
are currently no specific recommendations for the progressive overload of ‘Nordics’
with a youth population.

Cleary it is difficult to add weight to exercises like

Copenhagens. Although, once players reach a predefined volume with correct form
clinicians/conditioning coaches might consider progressing to an exercise that targets
the hip and groin but can be overloaded with additional weight. For example, lateral
lunge, hip hikes, lateral step up and single limb resistance band squats (Ford et al., 2015;
Stastny et al., 2016). These exercises could assist those responsible for athletic
enhancement and injury reduction programmes in an academy setting by correcting
undesirable movement patterns (i.e., valgus) that have been associated with poor
hip/groin strength (De Ridder et al., 2017; Neumann, 1989; Read et al., 2018b).
Therefore, it is vital that clinicians and conditioning staff regularly monitor hip/groin
strength to identify those capable of progressing to a higher load or more complex
exercises, to limit injury risk and maximise strength training adaptations beyond
preseason (Jones et al., 2020). However, for those who were available for the whole
season the burden of the playing schedule might also suggest inadequate recovery
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between training/competition, which likely led to the accumulation of fatigue and
resulted in suboptimal strength adaptations over the course of a season (Koutedakis,
1995). This accumulation of fatigue could also play some part in the increasing injury
prevalence throughout a season with fatigue being a risk factor for injury (Hawkins &
Fuller, 1999; McLean & Samorezov, 2009). To limit the accumulation of fatigue over
a typical season comprehensive individual periodised training plans that include field
and gym-based activities with appropriate recovery periods and protocols should be
considered to ensure that training adaptations are not inhibited (Rowsell et al., 2009;
Buchheit et al., 2011).
Study 4 observed an association between greater scaled hip ADD strength and
injury in the absence of sufficient scaled hip ABD strength. However, identifying
players that will go on to sustain an injury with a high level of certainty remains difficult
due to the complex nature of injury (Bahr, 2016). The DTI analysis (Figure 4.2.2)
indicated that to avoid injury greater hip ADD strength is needed for younger players
(under-10 to under-12 age groups) however, greater hip ADD strength was related to
non-contact lower limb injury. These findings are similar to previous observations in
professional footballers were some of the participants needed greater groin strength
while other players need lower than normal groin strength to avoid injury (Mosler et
al., 2018). This outlines that academy footballers should not be treated as a collective,
but their age, stage of development and exposure to risk considered.

Further

demonstrating the complexity of injury detection and reduction in athletic cohorts
(Bahr, 2016). Therefore, an important practical implication from this study is that those
tasked with injury reduction and athletic development could focus on using lower limb
strength data to develop player profiles for injury reduction interventions. Although,
practitioners working in academy settings should consider the development of targeted
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lower limb strength in an effort to maximise player development and reduce time loss
injuries. In England and Wales academy footballers below 16 years of age are often in
full-time education, and therefore, training time is limited, rather than attempting to
individualise injury reduction programmes based on screening results, implementing
these strategies at a team level may be more appropriate. To further reduce injuries
within an academy setting regular lower limb strength assessments of players with the
aim of injury pattern recognition (i.e., detecting early signs of hip/groin pain) could be
beneficial (Mosler et al., 2018; Wollin et al., 2018), and also assist in the decision
making for a players’ progression to exercises with greater complexity, volume and/or
intensity. The findings of this study do, however, increase the awareness of injury risk
factors, since it provides those tasked with developing academy footballers, the
information needed to develop corrective exercise strategies (Bakken et al., 2016; Read
et al., 2018b). Another practical implication of this thesis would be the duration of the
data collection. Collecting data for a single season only provided a short period of time
of the EPPP process and with the relatively small number of non-contact injuries during
the duration of the study it is unlikely to provide a comprehensive overview of injury,
growth or development in an academy setting.
An advantage of using the EPPP testing protocol for jump, sprint and COD
assessments is that it has direct relevance to academy football in England and Wales
supporting dissemination of the findings from this thesis to practice. To date, few
studies have monitored lower limb strength using a combination of novel field-based
devices (i.e., eccentric knee flexor, isometric hip ADD and ABD) over a typical
academy football season. This universal approach to assessing lower limb strength
used in this thesis highlights that following a reductionist approach to strength
monitoring and injury reduction does not account for how the different factors interact,
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influence and ultimately lead to adaptation and adaptability of young athletes. An
advantage of using the EPPP testing protocol for jump, sprint and COD assessments is
that it has direct relevance to academy football in England and Wales supporting
dissemination of the findings from this thesis to practice. These findings have practical
relevance for tracking the progression of academy players, providing reference values
for conditioning training regimes and also inform RTP (Bakken et al., 2016; Emmonds
et al., 2016; Paul & Nassis, 2015).

5.7 Future research
Literature exploring injury prevalence, strength training and performance in academy
football is sparse. While this thesis has addressed the lack of information related to
academy footballers, there are still areas that require further investigation to assist those
tasked with developing talented young footballers. The systematic review in chapter 2
provided a comprehensive overview of injury epidemiology in youth football. Yet,
there is still considerable debate concerning the impact of maturation status on injury
prevalence in academy footballers (Johnson et al., 2009; Johnson et al., 2020; Jones et
al., 2019; Malina, 2010c; Renshaw & Goodwin, 2016). More work is required to
systematically review and meta-analyse the available literature to explore associations
of maturation stage and injury prevalence, this information could be used to inform
maturity specific injury reduction strategies. Similarly, data relating to the most
effective time for conducting injury reduction training with male academy footballers
is also sparse (Jones et al., 2019). Providing those working in a youth football setting
with this information might improve the efficacy of reduction programmes by further
driving adaptations (i.e., strength), assisting in reducing injury risk and improving
player availability for training and competition.
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Based on data obtained from study 2, which highlighted how underpinning
strength qualities of field-based assessments relate to sprint and COD abilities, future
research should consider if eccentric knee flexor strength derived from NHS can offset
decrements of COD performance during a period of inactivity given the relationship
found in study 2.

This information would be of benefit to those tasked with

rehabilitation by improving knowledge of exercise selection. The analysis of muscle
imbalance in study 2 did not display any impact on ‘running ability’ in male academy
footballers, however more research is required to confirm the results in this thesis.
Based on recent findings from Pandy et al. (2021) another area of interest could be to
explore the role of ankle plantar flexor strength in sprint/COD abilities within academy
footballers. Given their key role in acting as both a supporter and accelerator to
generating a large fraction of upward and propulsive impulse during sprinting. More
research is needed to validate the strength thresholds that are reported in the DTI
analysis and more work could also identify strength gains/losses of hip/groin and knee
flexor and their impact on sprint/COD performance (Jones et al., 2021).
The findings from study 3 suggests that injury had a trivial impact on the
seasonal development of holistic lower limb strength in players of academy age.
Therefore, exploring the impact of specific injury type and location (i.e., knee flexor
injury) on subsequent strength development in a large cohort of academy footballers
would support those working in an academy environment to better understand potential
maladaptation’s and prepare more effective rehabilitation and RTP protocols (Jones et
al., 2020). Further work may consider the effects of increases in testosterone, growth
hormone and insulin like growth factor in addition to changes in body size to explore
individual heterogeneity.

The design of evidence-based hip and groin strength
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protocols also warrants further investigation, which should also include data on
volumes, intensities, and their impact on injury risk (Jones et al., 2020).
Analysis of lower limb strength and future injury were shown in this thesis
(study 4), but some of the strength tests did not display any statistical significance.
More studies are required that address the guidelines of Bahr (2016) for reducing injury
and predicting injury risk. Such studies should also consider using larger cohorts of
academy footballers to provide the statistical power for the exploration of injury subdivisions and their associations with lower limb strength measures (Jones et al., 2019).
Future research might also assess academy players over a number of seasons to provide
a more comprehensive overview of injury, strength and performance. It is possible that
other factors could influence injury modelling of academy footballers; therefore, to
provide a thorough understanding, future research should attempt to include sleep, brain
development status, club match selection policy, coaching style, playing surface,
climate, fatigue, torso/limb growth, biological maturity and morphology (Jones et al.,
2019; Jones et al., 2020). Finally, to improve knowledge of youth athletes in general,
such work should be expanded to other sports and genders.

5.8 Conclusion
In conclusion, this programme of research has contributed to the scientific literature
related to academy footballers by providing information on injury prevalence, holistic
lower limb strength and performance. The systematic review in chapter 2 documented
the prevalence of lower limb injury and study 2 observed associations of novel lower
limb strength assessments and sprint/COD performance, which justifies their use within
academy football. Study 3 found a trivial difference in strength development between
injured players and those that remained injury free. Finally study 4 observed an
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association between greater hip ADD strength for players in the older cohorts. While
younger players needed greater hip ADD strength to avoid injury, such data highlights
the complexity of detecting future injury using strength thresholds. Overall, this
programme of research has provided evidence of efficacy for the use of multiple devices
to monitor and screen lower limb strength of academy footballers to obtain a more
holistic understanding of injury and performance.
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Appendix I
Warm up protocol study 2

15-minute general dynamic flexibility
Gastrocnemius
Adductor
Abductor
Anterior thigh
Posterior thigh
Gradual increase of running intensity from selected pace up to sprinting.
Appendix II
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Appendix III
Mean and absolute strength measures, imbalances, linear sprint and COD ability (mean ± SD)
for 146 professional academy footballers.
Variable
Body weight (N)
Nordic hamstring strength (N)
Nordic hamstring strength imbalance (%)
Hip abduction (N)
Hip abduction imbalance (%)
Hip adduction (N)
Hip adduction imbalance (%)
Jump impulse (Ns)
5m Best (s)
10m Best (s)
20m Best (s)
505 (mean) (s)
505 imbalance (%)
10m Flying Start (s)
N = Newtons; m = meters; s = seconds

N
146
146
146
146
146
146
146
146
146
146
124
146
146
124

Mean
546
257
4%
169
4%
276
3%
138
1.08
1.88
3.30
2.60
-1%
1.41

Std Dev
151
90
11%
85
16%
109
9%
50
0.11
0.15
0.30
0.17
4%
0.19

Minimum
247
100
-32%
34
-34%
80
-43%
44
0.9
1.61
2.79
2.27
-19%
0.94

Maximum
851
473
27%
434
55%
555
43%
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1.35
2.31
4.05
3.07
19%
2.29

Appendix IV
Correlation matrix for all (best) sprint (s) and (mean) COD (s) measures (range r = 0.64 to
0.92) in 146 professional academy youth soccer players.
Variable

5m Sprint
(s)

5m Sprint (s)
10m Sprint (s)
20m Sprint (s)
505 Right (s)
505 Left (s)
10m Flying Sprint (s)
s = seconds

0.95
0.86
0.80
0.74
0.64

10m Sprint (s)

20m Sprint (s)

0.90
086
0.79
0.66

0.82
0.79
0.92

505 Right
(s)

0.86
0.65

505 Left (s)

0.65

Appendix V
Loading Matrix for Principal Component Score
Variable
5m Sprint (s)
10m Sprint (s)
20m Sprint (s)
505 Right (s)
505 Left (s)
10m Flying Sprint (s)
s = seconds

0.92
0.95
0.97
0.92
0.88
0.82
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Appendix VI
Overview of typical training schedules for the under-10 (U10) to under-18 (U18) players*
Category 1 English Premier League Academy
U12
U13
U14
U15
Rest
FT
FT, RT
FT, RT

U10
Rest

U11
Rest
FT,
NRAD,
FT

FT

Rest

Rest

Wed

FT,
NRAD
FT

FT, RT

Thu

Rest

Rest

Rest

FT, RT,
NRAD
Rest

FT, RT,
NRAD
FT

Fri

Rest

Rest

Rest

Rest

Rest

Sat

FT

FT

Sun

G

Mon
Tue

FT,
NRAD
Rest

Wed

FT

Thu

Rest

Fri

Mon
Tue

U16
FT, RT

FT, RT,
NRAD
Rest

FT, RT,
NRAD
FT

FT,
NRAD
Rest

FT, RT,
NRAD
Rest

U18
FT, RT,
NRAD
FT, RT,
NRAD
Rest

G
Rest

Rest

FT, RT,
NRAD
FT, RT,
NRAD
Rest

FT,
NRAD
FT, RT,
NRAD
Rest

Rest

FT,
FT, RT
FT
FT, RT
NRAD
G
G
G
G
G
Category 2 English Premier League Academy
FT,
FT,
Rest
Rest
FT, RT,
NRAD
NRAD
NRAD
Rest
Rest
FT, RT,
FT, RT,
FT, RT,
NRAD
NRAD
NRAD
FT
FT RT,
Rest
Rest
Rest
NRAD
Rest
Rest
FT, RT,
FT, RT,
FT, RT,
NRAD
NRAD
NRAD
Rest
Rest
Rest
Rest
Rest

FT, RT,
NRAD
FT,
NRAD
G

FT, RT,
NRAD
Rest

Sat

Rest

FT

G

FT, RT,
NRAD
FT,
NRAD
G

Sun

G

G

Rest

Rest

FT,
NRAD
G

FT,
NRAD
G

FT,
NRAD
G

FT,
NRAD
G

*Sessions included are football training (FT), non-resistance athletic development (NRAD),
resistances training, game (G) and day with no formal training (Rest).
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Appendix VII

Information Sheet
Parental Copy
Study Title: Seasonal hip, knee and groin strength in Academy footballers
Introduction
My name is Steven Jones and I am Lead Strength and Conditioning Coach at the Bolton
Wanders Football Club Academy and also a part time PhD student at the University of South
Wales (USW). Your child is being invited to take part in a USW research study. Before they
take part, it is important for you both to understand why the research is being conducted and
what will be required of your child should you agree for them to be involved. Please take time
to read the following information carefully before deciding whether your child should take
part. If there is anything that is not clear or if you would like more information, please feel free
to contact me via the details below.
What is the purpose of the study?
Injury avoidance is highly desirable at elite youth level in order to maximize training and
playing time, thus enabling the player to develop a greater skill set. Improving leg strength
and reducing strength asymmetries between legs have had positive effects on injury risk in
adult populations. Furthermore, strength training is the most common strategy employed in
elite sport to reduced injury risk. More information is; however, required to confirm the
observed strength training benefits seen within adult footballers is true for elite youth
footballers. Since there is a limited understanding of the causes of leg injury in youth football
as they enter fulltime training. Such information would inform rehabilitation and return to play
protocols used to reduce the potential leg injury risk and occurrence.
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Why has you child been invited?
Your child is a professional footballer and a member of a Football Academy. Our study is
looking at risk factors to youth footballers during the early stages of their careers. Periodically
players of all ages groups have already completed a range of strength based and physical fitness
(sprint and jump) tests as part of the Academy’s sports science programme. They have been
invited to take part in order to improve the Academy’s training programmes and better identify
those players at risk of injury.
Do they have to take part?
Your child will be given a similar information sheet to this one to read. Once they have read it
and have taken time to consider if they are willing to taking part, they will be asked to provide
assent if they agree. If they decide not to participate or withdraw during the study, their decision
will not affect their relationship with any staff representing the Football Academy or any of the
investigators involved in the study. If for whatever reason your child does not take part this
information will be confidential and he will not let his team or club down in anyway. All of
the information collected during the study will be treated confidentially.

What will happen to them if they take part?
Hip and groin test battery
For all tests warm-up (typically two non-maximal efforts) attempts will be followed by three
maximum squeeze and hamstring exercise attempts will be allowed. The software captures all
data, but only the highest number (peak force) for each test will be recorded. Knee squeezes
and pushes will be tested lying down using a Force Frame ™ (Vald Performance, Queensland,
Australia). To achieve this position, your child will be instructed to lie on his back with his
legs straight and in contact with the ground. The device will be positioned between his knees
such that the centre of the pressure pads are at the most prominent point of the inner knee
(Figure 1). On completion of three maximum squeezes, in the same position, he will push
against the lateral pads as hard as possible for three attempts.

Hip and groin strength

assessments using the Force Frame will also be assessed using 3 to 4 repetitions of squeezing
and pushing at pre-determined dates across the season. These exercises have already been
tested in previous seasons used at the academy; therefore the University will only access the
data.
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Figure 1. Isometric adductor squeeze at 60o (ADD60).

Hamstring strength measurement
All testing will take place before the day’s training. For the hamstring strength (Figure 2), your
child will kneel onto a platform with braces to secure ankles. Then as slowly as possible, your
child will lean forward so that the chest will approach the ground. Your child will use the
muscles on the back of his legs (hamstrings) to put the brakes on his forward momentum until
can no longer resist gravity and then he will put out his arms to stop your fall. This exercise
has been used at the academy and many of the players are familiar with technique.

Figure 2. Eccentric Hamstring strength measurement.
If your child decides to take part in the study they will be asked to complete one familiarisation
and five testing session consisting of 1 set of 3-4 Hamstring Exercises using a Nordbord(patented)
device. GPS data which has already been collected by the academy sports science department
for several years will also be used. All tests should take approximately 60-70 minutes per team
and will take place before training.
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Sprint and jump tests
As part of the football clubs ongoing role within the Premier Leagues Elite Player Performance
Plan the sports science department regularly (3-4 times per year) assesses sprint (speed) and
jump performance of all players. Such data allows the Premier League and our club to monitor
your child’s development. As part of this project the research team will access sprint and jump
performance data that has already been collected to determine the relationships between
strength, sprint and jump measures.

Expenses and payments
There will be no payments made to your child for taking part over the duration of the study.

What are the possible disadvantages and risks of taking part?
Completion of the Nordic hamstring and adductor squeeze/push exercises carry negligible risk
of harm or distress for your child as most players already do these periodically as part of club
testing policy.
What are the possible benefits of taking part?
We cannot promise that the study will help your child but the information we get from the
study will help to increase our understanding of the factors that contribute to injury in Academy
players.
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What if there is a problem?
If you have a concern about any aspect of this study, feel free to speak or contact me
(sjones@bwfc.co.uk) and I’ll do my best to answer your questions. If you have questions
regarding other problems you are free to contact the following members of the research team
who will do their best to resolve any other possible issues.
Steve Ellis
Welfare Officer Bolton Wanderers FC
Email: sellis@bwfc.co.uk
Dr Morgan Williams:
Email: morgan.williams@southwales.ac.uk
Professor Rich Mullen (HCPC registered Sport Psychologist – PYL17462)
Email: rich.mullen@southwales.ac.uk
If they cannot resolve any possible issue you have had with the study and you remain unhappy
you may contact the research governance officer, Mr Jonathan Sinfield.
Email: jonathan.sinfield@southwales.ac.uk .
Phone: (01443) 484518
Will my child’s participation be kept confidential?
Our procedures for handling, processing, storing and destruction of data match the GDPR. All
of the information will be kept strictly confidential and any information about your child will
not leave the University
What will happen if your child doesn’t carry on with the study?
Please remember, if you decide that your child should not participate or withdraws during the
study, your decision will not affect your or your child’s relationship with myself, the
University, other staff members at the Football Academy or any other of the investigators
involved in the study and there will be no consequences. Also, at any time you may withdraw
consent for your child to be included in this study. They can also withdraw from this study if
they wish at any time, without having to give any explanation and at no consequence to
themselves. Should they be withdrawn from the study, this will be kept confidential from other
players and coaches. All data they have provided will be destroyed immediately.
What will happen to the results of the research study?
The results of the studies will be written up as a part of a PhD thesis. Also, we intend to publish
a series of reports in a journal and present it at sport science conferences. When we do this the
data will be aggregated and no individual player will be identifiable.
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Who is organising or sponsoring the research?
This study is organised through the University of South Wales.
Further information and contact details:
Steven Jones BSc (Hons); MRes; ASCC:
Bolton Wanderers F.C Strength and Conditioning Coach Lead,
PhD Candidate
Faculty of Life Sciences and Education
University of South Wales
Email: sjones@BWFC.co.uk
Thank you for taking the time to read this Information Sheet
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Appendix VIII

Information Sheet
School Boy U9-U16 Participant Copy
Project/Study Title: Seasonal hip, knee and groin strength in Academy footballers
Introduction
My name is Steven Jones and I am the Lead Strength and Conditioning Coach at the Bolton
Wanderers Football Club Academy and I am also a part time PhD student at the University of
South Wales (USW). You are being invited to take part in a USW research project/study.
Before you take part, it is important for you to understand why the research is being conducted
and what will be required of you should you agree to be involved. Please take time to read the
following information carefully before deciding whether you would like to take part in the
study. If there is anything that is not clear or if you would like more information, please feel
free to contact me via the details below.

What is the purpose of the project/study?
Injuries in elite youth football are common. Not getting injured is very useful for your
development. It allows you to train and play more, which will give you more chance to improve
your football skills. From research on adults, training can lead to increased leg strength and
this can have positive effects on reducing injury. More information is needed to confirm if this
is also true for elite youth footballers. Since there is a little information about the causes of leg
injury in youth football as they enter fulltime training. Such information would inform
rehabilitation and return to play protocols used to reduce the potential leg injury risk and
occurrence.
Why have you been invited?
You are a professional footballer and member of the Football Academy. Our project/study is
looking at factors that may help us identify youth footballers at risk of injury during the early
stages of their careers. You may have already completed a range of strength, sprint and jump
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based tests as part of the Academy’s sports science programme. You have been invited to take
part in order to improve the clubs training programmes and better predict those players at risk
of injury.

Do I have to take part?
Your parents will be given a similar information sheet to this one to read. Once you have read
it and have taken time to consider, if you are willing to take part, you will be asked to provide
assent that you agree to take part. If you decide not to participate or withdraw during the
project/study, your decision will not affect relationships with any staff representing The
Football Academy or any of the investigators involved in the study. If for whatever reason you
do not take part this information will be confidential and you will not let your team down. All
of the information collected during the project/study will be treated confidentially.

What will happen to you if you take part?
Hip and groin test battery
All testing will take place before that day’s training starts. For all tests warm-up (typically two
non-maximal efforts) attempts will be followed by three maximum squeeze and hamstring
exercise attempts will be allowed. The software provides the highest number (peak force) for
each test that will be recorded. Knee squeezes and pushes will be tested lying down using a
Force Frame™ (Vald Performance, Queensland, Australia). To achieve this position, you will
be instructed to lie on your back with your legs straight and in contact with the ground. The
device will be positioned between your knees such that the centre of the pressure pads are at
the most prominent point of the inner knee (Figure 1). On completion of three maximum
squeezes, in the same position, you will push against the side (lateral) pads as hard as possible
for three attempts.
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Figure 1. Isometric adductor squeeze at 60o (ADD60)

Hamstring strength measurement
For the hamstring strength test (Figure 2), you will kneel on a particular platform with braces
to secure ankles. Then as slowly as possible, you will lean forward so that the chest will get
closer to the ground, just like falling. You will use the muscles on the back of your legs
(hamstrings) to put the brakes on your forward movement until you can no longer control the
movement and then you will put out your arms to stop/break your fall.

Figure 2. Eccentric Hamstring strength measurement

If you decide to take part in the project/study you will be asked to complete one practice and
five testing sessions consisting of 1 set of 3-4 Hamstring Exercises using a Nordbord(patented)
device. Hip and groin strength assessments using the Force Frame will also be assessed using
3 to 4 repetitions of squeezing and pushing at pre-arranged dates across the season. The testing
session should take approximately 60-70 minutes per team
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Sprint and jump tests
As part of the football clubs ongoing role within the Premier Leagues Elite Player Performance
Plan the sports science (fitness) department regularly assesses sprint (speed) and jump
performance of all players. Such data allows the Premier League and our club to monitor your
physical development. As part of this project the research team (Steven Jones) will use access
sprint and jump data that has already been collected to explore the relationships between
strength, sprint and jump measures.
Expenses and payments
There will be no payments made to you for taking part over the duration of the project/study.

What are the possible disadvantages and risks of taking part?
Completion of the hamstring, hip and groin strength tests carry little risk of harm or distress to
you, these exercises are already part of the Academy’s fitness program.
What are the possible benefits of taking part?
We cannot promise that the project/study will help you but the information we get from the
project/study will help to increase our understanding of the factors that contribute to injury in
Academy players.
What if there is a problem?
If you have a concern about any aspect of this project/study, feel free to speak or contact me
(sjones@BWFC.co.uk) and I’ll do my best to answer your questions. If you have questions
regarding other problems you are free to contact the following members of the research team
who will do their best to resolve any other possible issues.
Steve Ellis
Welfare Officer Bolton Wanderers FC
Email: sellis@bwfc.co.uk
Dr Morgan Williams:
Email: morgan.williams@southwales.ac.uk
Professor Rich Mullen (HCPC registered Sport Psychologist – PYL17462)
Email: rich.mullen@southwales.ac.uk
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If they cannot resolve any possible issue you have had with the project/study and you remain
unhappy you may contact the research governance officer, Mr Jonathan Sinfield.
Email: jonathan.sinfield@southwales.ac.uk .
Phone: (01443) 484518
Will your participation be kept confidential?
Our procedures for handling, processing, storing and destruction of data match the GDPR. All
of the information will be kept strictly confidential and any information about your child will
not leave the University
What will happen if you do not carry on with the project/study?
Please remember, if you decide that you should not participate or withdraw during the
project/study, your decision will not affect your relationship with myself, the University, other
staff members at your Football Academy or any other of the investigators involved in the
project/study and there will be no consequences. Also, at any time you may withdraw consent
for yourself to be included in this project/study. If you do withdraw from the project/study you
do not have to give any explanation and there will be consequences. Should you leave the
project/study, all data you have provided will be destroyed immediately. Withdrawal will be
treated confidentially and you will not be letting teammates, coaches or club down in anyway.
What will happen to the results of the research project/study?
The results of the projects/studies will be written up as a part of a PhD thesis. Also, we intend
to publish a series of reports in a journal and present it at sport science conferences. When we
do this, the data will be aggregated and no individual player will be identifiable.
Who is organising or sponsoring the research?
This project/study is organised through the Academy of Bolton Wanderers F.C and University
of South Wales.
Further information and contact details:
Steven Jones BSc (Hons); MRes; ASCC:
Bolton Wanderers F.C Strength and Conditioning Coach Lead,
PhD Candidate
Faculty of Life Sciences and Education
University of South Wales
Email: sjones@BWFC.co.uk
Thank you for taking the time to read this Information Sheet
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Appendix IX

Information Sheet
Scholar U18 Team Participant Copy
Study Title: Seasonal hip, knee and groin strength in Academy footballers
Introduction
My name is Steven Jones and I am the Lead Strength and Conditioning Coach at the Bolton
Wanders Football Club Academy and I am also a part time PhD student at the University of
South Wales. You are being invited to take part in a USW research study. Before you take part,
it is important for you to understand why this project is being conducted and what will be
required of you should you agree to be involved. Please take time to read the following
information carefully before deciding whether you would like to take part. If there is anything
that is not clear or if you would like more information, please feel free to contact me via the
details below.

What is the purpose of the study?
Injury avoidance is highly desirable at elite youth level in order to maximize training and
playing time, thus enabling the player to develop a greater skill set. Improving leg strength
and reducing strength asymmetries between legs have had positive effects on injury risk in
adult populations. Strength training is the most common strategy employed in elite sport to
reduced injury risk. More information is; however, required to confirm the observed strength
training benefits seen within adult footballers is true for elite youth footballers. Since there is
a limited understanding of the causes of leg injury in youth football as they enter fulltime
training. Such information would inform rehabilitation and return to play protocols used to
reduce the potential leg injury risk and occurrence

Why have you been invited?
You are a member of a Professional Football Club Academy. Our study is looking at risk
factors in youth footballers during the early stages of their careers. Periodically you may have
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already completed a range of strength, sprint and jump based tests as part of the Academy’s
sports science programme. Therefore, you have been invited to take part in order to improve
the Academy’s training programmes and better identify those players at risk of injury.
Do I have to take part?
Your parents will be given a similar information sheet to this one to read. Once you have read
it and have taken time to consider if you are willing to taking part, you will be asked to provide
assent if you agree to take part. If you decide not to participate or withdraw during the study,
your decision will not affect relationships with any staff representing the Football Academy or
any of the investigators involved in the study. If for whatever reason you do not take part this
information will be confidential and you will not let your team down. All of the information
collected during the study will be treated confidentially.

What will happen to them if I take part?
Hip and groin test battery
All tests will take place before training. For all tests warm-up (typically two non-maximal
efforts) attempts will be followed by three maximum squeeze and hamstring exercise attempts
will be allowed. The software captures all data, but only the highest number (peak force) for
each test will be recorded. Knee squeezes and pushes will be tested lying down using a Force
Frame ™ (Vald Performance, Queensland, Australia). To achieve this position, you will be
instructed to lie on your back with your legs straight and in contact with the ground. The device
will be positioned between your knees such that the centre of the pressure pads are at the most
prominent point of the inner knee (Figure 1). On completion of three maximum squeezes, in
the same position, you will push against the lateral pads as hard as possible for three attempts.

256

Figure 1. Isometric adductor squeeze at 60o (ADD60).

Hamstring strength measurement
For the hamstring strength test (Figure 2), you will kneel onto a platform with braces to secure
ankles. Then as slowly as possible, you will lean forward so that the chest will approach the
ground. You will use the muscles on the back of your legs (hamstrings) to put the brakes on
your forward movement until you can no longer resist gravity and then you will put out your
arms to break your fall.

Figure 2. Eccentric Hamstring strength measurement (modified by Opar et al., 2013).

If you decide to take part in the study they will be asked to complete one familiarisation and
five testing session consisting of 1 set of 3-4 Hamstring Exercises using a Nordbord device.
Hip and groin strength assessments using the Force Frame will also be assessed using 3 to 4
repetitions of squeezing and pushing at pre-determined dates across the season. GPS data
which has already been collected by the academy sports science department for several years
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will also be used. All tests should take approximately 60-70 minutes per team and will take
place before training.

Sprint and jump tests
As part of the football clubs ongoing role within the Premier Leagues Elite Player Performance
Plan the sports science department regularly assesses sprint (speed) and jump performance of
all players. Such data allows the Premier League and our club to monitor your physical
development.

As part of this project the research team will use your sprint and jump

performance data that has already been collected to explore the relationships between strength,
sprint and jump measures.
Expenses and payments
There will be no payments made to you for taking part over the duration of the study.

What are the possible disadvantages and risks of taking part?
Completion of the hamstring, hip and groin strength tests carry negligible risk of harm or
distress to you, since these or similar exercises are periodically included as part of Academy’s
training and fitness testing schedule.
What are the possible benefits of taking part?
We cannot promise that the study will help you but the information we get from the study will
help to increase our understanding of the factors that contribute to injury in Academy players.
What if there is a problem?
If you have a concern about any aspect of this study, feel free to speak or contact me
(sjones@BWFC.co.uk) and I’ll do my best to answer your questions. If you have questions
regarding other problems you are free to contact the following members of the research team
who will do their best to resolve any other possible issues.
Steve Ellis
Welfare Officer Bolton Wanderers FC
Email: sellis@bwfc.co.uk
Dr Morgan Williams:
Email: morgan.williams@southwales.ac.uk
Professor Rich Mullen (HCPC registered Sport Psychologist – PYL17462)
Email: rich.mullen@southwales.ac.uk
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If they cannot resolve any possible issue you have had with the study and you remain unhappy
you may contact the research governance officer, Mr Jonathan Sinfield.
Email: jonathan.sinfield@southwales.ac.uk .
Phone: (01443) 484518
Will your participation be kept confidential?
Our procedures for handling, processing, storing and destruction of data match the GDPR. All
of the information will be kept strictly confidential and any information about your child will
not leave the University
What will happen if you do not carry on with the study?
Please remember, if you decide that you should not participate or withdraw during the study,
your decision will not affect your relationship with myself, the University, other staff members
at your Club’s Football Academy or any other of the investigators involved in the study and
there will be no consequences. Also, at any time you may withdraw consent for yourself to be
included in this study. If you do withdraw from the study you do not have to give any
explanation and at no consequence to yourself. Should you leave the study, all data you have
provided will be destroyed immediately. Withdrawing will be treated confidentially and you
will not be letting teammates, coaches or the club down in anyway.
What will happen to the results of the research study?
The results of the studies will be written up as a part of a PhD thesis. Also, we intend to publish
a series of reports in a journal and present it at sport science conferences. When we do this the
data will be aggregated and no individual player will be identifiable.
Who is organising or sponsoring the research?
This study is organised through the University of South Wales.
Further information and contact details:
Steven Jones BSc (Hons); MRes; ASCC:
Bolton Wanderers F.C Strength and Conditioning Coach Lead,
PhD Candidate
Faculty of Life Sciences and Education
University of South Wales
Email: sjones@BWFC.co.uk
Thank you for taking the time to read this Information Sheet
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Appendix X

PARENTAL/GUARDIAN CONSENT FORM
Title of Project: Seasonal hip, knee and groin strength in Academy footballers
Name of Researcher: Mr Steven Jones
Name of supervisor: Dr Morgan Williams, Prof Richard Mullen
Please initial all boxes
1. I confirm that I have read and understand the parental information sheet Version
4 09/10/18 for the above study. I have had the opportunity to consider the
information, ask questions and have had these answered satisfactorily. I
understand the principles, procedures and possible risks involved.
2. I understand that my child’s participation is voluntary and that I am free to
withdraw consent for them to take part at any time without giving any reason,
without any consequence to myself or my child.
3. I agree to:
o have my child’s data, which is collected daily through the
Academy to be accessed by the research team and used for this
study;
o my child completing Nordic Hamstring Exercises, Force Frame
Exercises, Sprint (5, 10, 15, 20, 30 metres) and jump test data.

1. I agree to my child’s anonymised data being used in study specific reports
and subsequent articles that will appear in academic journals.

2. I agree for my child to take part in the above study.
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Name of Participant

Date

Name of Parent/Guardian

Date

Name of person taking consent.

Date

Signature

Signature
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Appendix XI

STUDY ASSENT FORM (under 18 year-olds)
Title of Project: Seasonal hip, knee and groin strength in Academy footballers
Name of Researcher: Mr Steven Jones
Name of supervisor: Dr Morgan Williams, Prof Richard Mullen
Please initial all boxes
4. I confirm that I have read and understand the information sheet Version 4
10/09/18 provided for the above study. I have had the opportunity to consider the
information, ask questions and have had these answered satisfactorily. I
understand the principles, procedures and possible risks involved.
5. I understand that my participation is voluntary and that I am free to withdraw at
any time without giving any reason, without any consequence to myself.
3) I agree to my anonymised data being used in study specific reports and
subsequent articles that will appear in academic journals.
4)

I agree to:
o have data which is collected daily through the Academy to be
accessed by the members of the research team and used in the
study.
o Complete Nordic hamstring Exercises, Force Frame Exercises
Sprint (5, 10, 15, 20, 30 metre) and jump test data.

5) I agree to my anonymised data being used in study specific reports and
subsequent articles that will appear in academic journals
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6) I agree to take part in the above study.

Name of Participant

Date

Signature

Name of person taking assent.

Date

Signature
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Appendix XII

Consent form (18 year-olds)
Title of Project: Seasonal hip, knee and groin strength in Academy footballers
Name of Researcher: Mr Steven Jones
Name of supervisor: Dr Morgan Williams, Prof Richard Mullen
Please initial all boxes
1. I confirm that I have read and understand the information sheet Version 4:
09/10/18 provided for the above study. I have had the opportunity to consider
the information, ask questions and have had these answered satisfactorily. I
understand the principles, procedures and possible risks involved.
2. I understand that my participation is voluntary and that I am free to withdraw
at any time without giving any reason, without any consequence to myself.
3. I agree to my anonymised data being used in study specific reports and
subsequent articles that will appear in academic journals.
4. I agree to:
o have data which is collected daily through the Academy to be
accessed by the members of the research team and used in the
study.
o Complete Nordic hamstring Exercises Force Frame Exercises
Sprint (5, 10, 15, 20, 30 metre) and jump test data.
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1. I agree to my anonymised data being used in study specific reports and
subsequent articles that will appear in academic journals

2. I agree to take part in the above study.

Name of Participant

Date

Name of person taking consent.

Date

Signature

Signature
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Appendix XIII Ethic approval
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267

Appendix XIV Injury card

268

Appendix XV Data study 2
Lower limb strength data used in study
Age
grou
p
U10

Nordic L

Nordic R

ABD L

ABD R

ADD L

ADD R

110

90

67

76.00

180

195.00

125.0

136.0

31

37.00

118

117.00

170

201

97.00

121.00

217

201

150

158

58.00

78.00

103

103

166

172

94.00

93.00

208.0

192.0

106.0

124.0

64.00

78.00

142

137

133

152

105.00

105.00

133

114

145

154

106

99.00

115

109.00

151

152

43

45.00

68

91.00

173

160

74

79.00

135

137.00

130

172

101

88.00

161

171.00

171

176

107

90.00

177

182.00

150

156

57

69.00

153

157.00

159

141

60.0

71.00

107.0

108.00

160

143

113

131.00

145

160.00

158

179

65

82.00

178

185.00

216

181

54

58.00

132

136.00

157

158

76

103.00

188

211.00

129

161

54

71.00

202

199.00

190.0

194.0

159

124.00

188

198.00

186

210

118

120.00

207

209.00

174

191

43

53.00

167

155.00

180

186

155

142

233

267

189

188

107

118

211

239

266

298

104

112

162

180

170

195

91

83

228

209

116

95

66

92

236

234

105

105

54

86

235

228

122

119

57

126

209

203

154

154

42

42

147

145

177

226

106

161

287

280

141

152

71

74

198

202

112

153

122

112

130

128

161

175

76

72

158

160

157

154

144

130

114

105

170.0

218.0

110

144

286

278

223

238

125

122.00

161.00

176

188

183

86

96.00

142.00

163

U11

U12

269

184

183

116.00

110.00

158.00

158.00

163

158

105

107.00

162.00

165

229

253

148.00

139.00

218.00

224

159

132

267

273

95

78

178

174

138

112

217

216

107

86

206

193

88

79

142

137

75

65

272

277

177

161

334

322

152

150

190

182

107

76

164

156

52

59

162

153

123

119

153

160

U13
288

297

132

171

243.0

243.0

185

165

170

157

163

111

214

208

161

187

172

227

132

146

154

150

199

262

44

65

155

161

150

179

81.00

160.00

157.00

90.00

165.00

180.00

186.00

147

233

246

140

159

59.00

78.00

113.00

199.00

246

311

145.00

139.00

263.00

252.00

199

218

174.00

170.00

243.00

266.00

232

284

203.00

203.00

286.00

358.00

213

224.0

269

294

U14

235

254

251

293

136.00

195.00

173.00

213.00

289

355

227.00

210.00

362.00

362.00

104

135

204

217

172

150

194

223

123

118

279

279

119

134

245

248

213

200

285

296

129

134

259

300

220

221

284

283

155

132

251

252

216

210

307

307

166

163

200

318

197

195

277

277

242

247

330

314

189

196

258

246

243

250

202

188

259

257

199

215

232.0

228.0

247

240

374

362

314

301

250

242

258

196

257

258

168.00

161.00

279.00

303.00

256.0

238.0

195.00

215.00

300.00

334.00

268

336

156.00

103.00

239.00

266.00

225

227

410

432

U15

234

239

314

342

177.00

198.00

359.00

384.00

227

223

222

238

354

392

265

301

201.00

229.00

321.00

335.00

270

178

215

228

201

274

276

264

250

132.00

143.00

209.00

233.00

227

216

174.00

164.00

192.00

215.00

196

194

103.00

101.00

238.00

242.00

168

197

317

322

238

283

348

406

110

105

265

268

109

101

183

163

167

165

278

290

94

102

168

149

126

128

268

270

94

114

248

258

190

187

282

288

223

167

265

267

183

135

294

284

112

83

174

177

159

122

258

238

228

278

222

185

144

186

375

376

156

152

332

346

216

246

400

419

179

145

263

258

199

151

392

397

123

176

285

278

236

228

219

241

85

85

228

211

161

154

359

313

336

349

260.0

305.0

213

235

309

336

228

285

283

350

237

247

261

240

371

397

384

430

265

302

212

216

260

306

285

314

287

277

385

349

339

366

321

337

320

362

292

346

294

259

293

293

375.0

393.0

363

387

247.00

277.00

443.00

484.00

321

319

227.00

270.00

387.00

394.00

265

259

147

139

326

341

401

406

181

253

430

500

320

303

281.00

275.00

415.00

415.00

311

316

203.00

221.00

423.00

463.00

218

236

276

327

192

193

345

356

248

285

297

316

146

268

250

288

203

222

266

268

U16

196

226

251

204

374

420

293

307

285

319

375

457

363

389

479

463.00

418

383

343

309

502

448

409

414

316

312

417

472.00

349

364

244

261

395

463

433

395

257

268

461.00

487.00

U18

271

352

423

356

419

407

421.00

379

349

368

410

410

451.00

352

423

189

227

393

387.00

337

351

366

302

338

355

262

293

285

292

395

397

464

481

337

326

482

488.00

394

396

300

308

351

492

227

290

352

384

344

367

359

344

248

233

348

385

202

246

400

402

425

443

483

510

308

293

443

434

231

256

375

370

330

323

435

441

200

204

341

338

292

352

474

507

238

268

429

475

334

380

380

430

267

269

456

496

235

262

556

553

241

325

454

455

161

168

446

415

296

335

370

351

348

380

420

363

422

390

233

294

337

383

407

394

294

334

415

421

314

344

466

466

266

284

373

386

460.0

395.0

203.0

279.0

272

Performance data used in study 2
Age
grou
p
U10

5m

10m

20m

505

505

Jump

19.84

1.19

2.05

3.63

2.86

2.76

1.2

2.06

3.71

2.77

2.67

1.24

2.09

3.68

2.83

2.77

1.13

2.13

3.18

2.89

2.83

1.24

2.05

3.7

2.91

2.82

1.28

2.13

3.74

2.82

2.9

1.19

2.07

3.69

2.79

2.75

1.35

2.26

4.05

2.78

3

1.16

2.09

3.73

2.87

2.87

1.15

1.95

3.43

2.85

2.66

20.19

1.31

2.2

3.8

2.88

2.88

18.28
20.01

1.24

2.11

3.75

2.78

2.76

1.18

2.02

3.54

2.75

2.7

1.29

2.19

3.87

2.95

2.86

1.18

2

3.57

2.76

2.76

1.29

2.16

3.78

3.06

2.95

19.84

1.21

2.01

3.59

2.66

2.66

23.24

1.32

2.14

3.71

2.84

2.84

25.51

1.28

2.17

3.8

2.91

2.9

24.57

1.29

2.14

3.08

2.73

2.73

20.34

1.22

2.08

3.67

2.96

2.96

21.11

1.32

2.31

3.89

3

2.96

19.06

1.21

2.05

3.63

2.81

2.74

25.46

1.17

1.97

3.54

2.82

2.75

26.82

1.15

1.99

3.5

2.7

2.73

28.06

1.2

2

3.59

2.72

2.83

31.91

1.13

1.96

3.47

2.7

2.56

26.62

1.12

1.9

3.37

2.61

2.64

34.78

1.11

1.98

3.59

2.88

3.02

30.07

1.22

1.27

3.68

2.99

3.14

22.49

1.18

2.1

3.82

2.69

2.87

22.95

1.2

2.09

3.61

2.79

2.9

28.31

1.19

2

3.54

2.73

2.79

24.87

1.22

2.15

3.73

2.77

2.84

22.13

1.19

2.08

3.69

2.93

2.81

26.3

1.03

1.89

3.39

2.61

2.65

26.4

1

1.76

3.91

2.48

2.47

31

1.06

1.84

3.35

2.57

2.55

27.1

1.06

1.86

3.36

2.56

2.78

24.4

1.09

1.93

3.48

2.74

2.69

19.6

28.58
22.3
16.17
10.62
23.8
15.31
14.71
21.51

U11

24.58
20.15
20.47

U12
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1.11

1.95

3.5

2.75

2.64

21.9

0.98

1.81

3.13

2.38

2.39

39.9

1.18

2.06

3.6

2.8

2.83

22.65

1.18

1.94

3.31

2.77

2.81

26.67

1.05

0.93

3.34

2.76

2.7

28.72

1.03

1.84

3.27

2.72

2.82

28.24

1.11

1.98

3.45

2.82

2.7

22.68

1.14

2.01

3.45

2.68

2.72

30.87

1.04

1.42

3.21

2.53

2.64

31.6

0.96

1.76

3.03

2.61

2.65

40.51

1.08

1.93

3.43

2.62

2.69

20.93

1.13

1.95

3.39

2.72

2.75

31.64

1.05

1.84

-

2.51

2.6

21.4

1.09

1.9

-

2.62

2.81

30.8

1.07

1.87

-

2.67

2.93

26.1

1.09

1.91

-

2.93

2.88

21.4

0.98

1.69

3.01

2.52

2.59

26.7

1.11

1.91

3.36

2.56

2.49

25.5

1.07

1.81

3.33

2.62

2.66

24.4

1.03

1.81

3.27

2.45

2.68

26.8

0.91

1.68

3.09

2.37

2.59

29.6

0.91

1.65

2.9

2.42

2.44

30.3

1.2

1.97

3.44

2.54

2.63

24.64

1

1.17

3.15

2.67

2.55

27.21

U13

U14

1.2

1.99

3.39

2.54

2.54

25.04

1.16

1.94

3.39

2.56

2.59

24.28

1.09

1.85

3.21

2.59

2.48

25.49

1.18

2.05

3.47

2.7

2.2

18.58

1.17

1.19

3.48

2.58

2.59

23.43

1.17

1.97

3.49

2.72

2.58

25.83

1.03

1.8

3.11

2.38

2.51

29.59

1.08

1.87

3.27

2.81

2.64

27.31

1.04

1.83

3.14

2.56

2.53

31.74

1.11

1.97

3.4

2.72

2.69

22.55

1.04

1.83

-

2.62

2.58

29.6

1.02

1.73

-

2.54

2.48

33.9

0.99

1.8

-

2.57

2.45

33.8

0.97

1.75

-

2.52

2.57

36.3

1

1.74

-

2.52

2.48

34.3

1.01

1.82

-

2.49

2.51

40.5

1.02

1.74

-

2.49

2.46

34.8

1.06

1.84

-

2.63

2.51

37.8

1.05

1.86

-

2.55

2.5

31.1

U15
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1.03

1.79

-

2.51

2.64

37.4

1.03

1.78

-

2.57

2.49

31

1.12

1.86

-

2.49

2.56

37.2

1.16

2.04

3.52

2.67

2.6

25.88

1.06

1.88

3.31

2.44

2.53

29.5

1.01

1.79

3.05

2.48

2.45

32.07

1.14

1.89

3.29

2.57

2.43

27.96

1.03

1.81

3.23

2.5

2.45

32.78

1.04

1.91

3.34

2.47

2.52

31.53

1.08

1.91

3.33

2.45

2.49

29.02

1.2

1.97

3.41

2.64

2.7

22.96

0.98

1.71

3.03

2.37

2.52

30.89

1.13

1.87

3.17

2.54

2.51

33.58

1.08

1.95

3.37

2.62

2.52

23.11

0.94

1.68

2.91

2.44

2.44

37.24

1.07

1.89

3.16

2.43

2.5

37.68

1.11

1.9

3.25

2.52

2.47

30.61

0.93

1.7

2.91

2.28

2.25

43.23

1.01

1.75

2.98

2.29

2.29

42.71

1.01

1.68

2.96

2.38

2.31

33.6

0.92

1.69

2.95

2.27

2.34

37.18

1.11

1.83

3.23

2.47

2.62

33.17

1.01

1.79

2.98

2.38

2.45

37.48

1.01

1.81

3.13

2.43

2.3

32.17

1.04

1.77

3.02

2.53

2.44

38.53

0.96

1.7

-

2.41

2.36

35.1

1.03

1.77

-

2.51

2.5

33

0.96

1.71

-

2.43

2.42

33

0.95

1.65

-

2.3

2.82

45.2

1.05

1.73

-

2.46

3.04

33.3

0.97

1.72

-

2.45

2.85

39.5

1.05

1.81

3.13

2.47

2.5

32.69

1.01

1.77

3.02

2.45

2.34

34.85

0.99

1.73

2.99

2.37

2.46

30.75

1.15

1.92

3.25

2.48

2.48

47.23

1.13

1.88

3.17

2.43

2.45

30.38

0.91

1.64

2.82

2.35

2.42

41.2

1.01

1.72

3.01

2.41

2.47

39.1

0.9

1.64

2.82

2.54

2.53

36

0.9

1.63

2.79

2.46

2.48

35.1

0.97

1.75

2.99

2.47

2.49

32.6

1.12

1.8

3.01

2.42

2.41

38.2

0.94

1.69

2.9

2.42

2.43

35.9

U16

U18
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1

1.69

2.91

2.36

2.48

38.2

0.9

1.61

2.85

2.31

2.31

42.8

0.99

1.7

2.96

2.37

2.35

35.9

1.04

1.78

3.02

2.54

2.52

34

0.9

1.67

2.9

2.44

2.44

42.4

1.05

1.87

3.19

2.4

2.57

39.93

1.01

1.77

2.99

2.51

2.51

37.73

0.96

1.69

2.87

2.55

2.51

41.16

0.95

1.69

2.87

2.45

2.42

45.3

0.95

1.71

2.92

2.39

2.3

38.87

0.97

1.79

3.08

2.43

2.47

33.11

1.05

1.82

3.07

2.44

2.43

33.44

0.94

1.69

2.9

2.34

2.42

36.31

1.01

1.8

3.11

2.45

2.48

34.97

0.96

1.66

2.88

2.28

2.3

35.72

1

1.84

3.09

2.45

2.39

33.73

0.98

1.76

3.07

2.48

2.56

37.64

1.01

1.78

3.07

2.37

2.55

30.31

1.07

1.77

3.03

2.4

2.4

40.19

1.11

1.83

3.22

2.66

2.62

38.05

1.04

1.78

3.06

2.35

2.56

36.75
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Appendix XVI Pre-season strength data studies 3 and 4
Lower limb preseason strength data used in studies 3 and 4
Age group
U10

Nordic

ABD

ADD

281.00

179.00

367.00

305.00

202.00

480.00

223.00

216.00

411.00

253.00

147.00

273.00

279.00

208.00

256.00

226.00

157.00

355.00

311.00

114.75

364.00

319.00

137.00

456.00

258.00

76.50

217.00

364.00

152.75

333.00

196.00

150.50

390.00

302.00

167.00

314.00

217.00
375.00

370.50

404.00

219.00

430.00

87.00

154.00

241.00

502.00

299.00
228.00
U11
405.00

243.00

340.00

266.00

173.00

292.00

248.00

190.00

328.00

341.00

219.00

328.00

361.00

229.00

291.00

355.00

125.00

260.00

300.00

244.00

273.00

278.00

186.00

285.00

255.00

234.00

275.00

309.00

198.00

359.00

404.00

307.50

507.00

203.00

211.50

341.00

294.00

158.50

328.00

443.00

157.00

344.00

453.00

208.50

524.00

229.00

153.00

326.00
385.00

317.00

220.00

252.00

169.00

332.00

160.50

341.00
436.00
U12
455.00

245.00

289.00

432.00

273.00

468.00

262.00

193.00

301.00

297.00

190.00

364.00
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265.00

256.00

340.00

404.00

312.00

421.00

235.00

175.00

481.00

361.00

264.00

263.00

352.00

195.00

378.00

368.00

183.00

283.00

437.00

180.00

433.00

367.00

226.00

316.00

390.00

239.00

618.00

461.00

247.00

337.00

375.00
427.00

212.00
267.00

327.00
565.00

431.00

187.00

249.00

181.00

203.00

290.00

375.00

302.00

438.00

305.00

182.00

371.00

U13
479.00

333.00

345.00

415.00

249.00

297.00

426.00

317.00

312.00

390.00

237.00

399.00

461.00

109.00

316.00

416.00

346.00

464.00

594.00

372.00

361.00

202.00

79.00

260.00

489.00

334.00

487.00

407.00

185.00

248.00

299.00

333.00

345.00

322.00

250.00

293.00

350.00

251.00

383.00

291.00

166.00

309.00

288.00

219.00

353.00

431.00

387.00

754.00

514.00

209.00

383.00

420.00

270.00

368.00

631.00

184.00

325.00

407.00

359.00

646.00

443.00

366.00

508.00

459.00

308.00

428.00

438.00

207.00

492.00

423.00

268.00

303.00

320.00

176.00

302.00

288.00

222.00

305.00

577.00

285.00

557.00

515.00

283.00

529.00

U14

278

384.00

208.00

417.00

364.00

232.00

517.00

489.00

384.00

512.00

486.00

235.00

411.00

522.00

339.00

705.00

516.00

366.00

369.00

471.00

335.00

509.00

443.00

338.00

407.00

647.00

420.00

755.00

711.00

509.00

789.00

978.00

567.00

689.00

393.00

429.00

550.00

463.00

303.00

336.00

479.00

475.00

543.00

658.00

574.00

724.00

453.00

439.00

624.00

664.00

355.00

509.00

492.00

310.00

411.00

628.00

391.00

972.00

723.00

418.00

614.00

383.00

421.00

637.00

490.00

317.00

698.00

605.00

259.00

505.00

596.00

468.00

623.00

620.00

383.00

650.00

445.00

344.00

518.00

475.00

514.00

651.00

581.00

491.00

740.00

714.00

721.00

978.00

584.00

434.00

930.00

620.00

561.00

606.00

750.00

524.00

927.00

804.00

618.00

971.00

600.00

473.00

607.00

978.00

424.00

886.00

666.00

583.00

1006.00

912.00

602.00

543.00

567.00

468.00

653.00

591.00

681.00

819.00

465.00

551.00

551.00

779.00

460.00

804.00

873.00

699.00

913.00

564.00

619.00

596.00

U15

U16

U18
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748.00

650.00

973.00

776.00

559.00

1002.00

646.00

605.00

625.00

424.00

474.00

485.00

795.00

568.00

612.00

688.00

575.00

921.00

617.00

500.00

663.00

475.00

522.00

500.00

550.00

645.00

643.00

568.00

612.00

961.00

680.00

459.00

771.00

917.00

746.00

890.00

861.00

525.00

948.00

724.00

703.00

680.00

535.00

590.00

536.00

689.00

705.00

656.00

654.00

709.00

704.00

280

Lower limb end of season strength used in study3
Age group
U10

Nordic

ABD

ADD

322.00

206.00

287.00

369.00

222.00

407.00

198.00

167.00

317.00

299.00

175.00

362.00

261.00

276.00

366.00

297.00

273.00

337.00

340.00

248.00

317.00

235.00

226.00

339.00

130.00

156.00

223.00

248.00

212.00

398.00

265.00

227.00

312.00

312.00

169.00

303.00

438.00

318.00

533.00

322.00

310.00

518.00

325.00

166.00

330.00

448.00

332.00

589.00

416.00

326.00

409.00

307.00

229.00

378.00

342.00

168.00

326.00

340.00

286.00

433.00

408.00

196.00

396.00

351.00

200.00

380.00

338.00

313.00

333.00

344.00

212.00

390.00

405.00

312.00

376.00

297.00

233.00

367.00

440.00

248.00

540.00

223.00

308.00

272.00

274.00

250.00

435.00

324.00

195.00

452.00

361.00

334.00

556.00

251.00

273.00

379.00

340.00

400.00

746.00

338.00

270.00

361.00

321.00

245.00

481.00

488.00

320.00

378.00

504.00

256.00

432.00

411.00

215.00

388.00

554.00

318.00

322.00

462.00

241.00

260.00

537.00

333.00

380.00

U11

U12

281

532.00

347.00

392.00

422.00

314.00

336.00

455.00

227.00

412.00

372.00

260.00

457.00

561.00

256.00

398.00

420.00

256.00

326.00

451.00

187.00

378.00

389.00

201.00

475.00

386.00

206.00

310.00

490.00

268.00

481.00

448.00

317.00

303.00

324.00

258.00

364.00

370.00

303.00

383.00

434.00

207.00

432.00

380.00

501.00

301.00

403.00

311.00

395.00

352.00

588.00

280.00

513.00

308.00

449.00

360.00

647.00

149.00

321.00

365.00

600.00

297.00

428.00

248.00

299.00

436.00

426.00

226.00

415.00

289.00

383.00

128.00

379.00

458.00

434.00

296.00

659.00

498.00

278.00

531.00

725.00

370.00

758.00

685.00

399.00

559.00

676.00

386.00

602.00

633.00

391.00

527.00

449.00

307.00

529.00

528.00

317.00

564.00

381.00

212.00

372.00

322.00

262.00

362.00

544.00

369.00

609.00

560.00

297.00

600.00

629.00

332.00

482.00

U13
418.00
640.00
265.00
689.00
451.00
424.00
619.00
294.00
615.00
448.00
418.00
538.00
444.00
376.00
369.00
623.00
502.00
U14

282

553.00

318.00

458.00

541.00

446.00

561.00

523.00

338.00

464.00

624.00

552.00

879.00

543.00

362.00

542.00

561.00

424.00

616.00

589.00

248.00

336.00

688.00

385.00

582.00

629.00

399.00

685.00

949.00

638.00

1054.00

555.00

426.00

738.00

793.00

517.00

774.00

644.00

379.00

679.00

660.00

672.00

689.00

531.00

431.00

630.00

730.00

410.00

708.00

585.00

379.00

551.00

723.00

445.00

942.00

723.00

387.00

811.00

605.00

598.00

734.00

490.00

341.00

730.00

636.00

432.00

614.00

787.00

516.00

670.00

514.00

338.00

529.00

600.00

404.00

643.00

802.00

492.00

785.00

725.00

444.00

944.00

748.00

733.00

1072.00

803.00

366.00

755.00

646.00

645.00

919.00

771.00

661.00

791.00

660.00

352.00

811.00

716.00

474.00

627.00

649.00

374.00

767.00

789.00

474.00

800.00

907.00

450.00

778.00

538.00

466.00

686.00

787.00

539.00

533.00

738.00

701.00

586.00

834.00

426.00

499.00

1031.00

423.00

501.00

739.00

466.00

653.00

884.00

511.00

661.00

U15

U16

U18

283

923.00

347.00

481.00

781.00

482.00

880.00

541.00

426.00

647.00

877.00

591.00

595.00

943.00

358.00

370.00

550.00

418.00

681.00

678.00

671.00

1100.00

536.00

496.00

775.00

881.00

607.00

1167.00

749.00

470.00

670.00

1017.00

533.00

836.00

853.00

373.00

714.00

790.00

541.00

930.00

706.00

403.00

586.00

916.00

889.00

1126.00

701.00

542.00

909.00
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