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ABSTRACT

Strength and Conditioning is rapidly growing and considered an essential part of athletic
preparation, with the principal aims of improving performance and reducing injury risk in
athletic performers. The current study aimed to measure the effect of a periodised 26 week
in-season gym based Strength and Conditioning programme on performance improvement

and injury risk in elite senior academy (Under 17 and Under 18) football players.

6 elite male football academy players (age 17.410.1 years; height 175.3+6.6 cm; body mass
66.2+5.0 kg) participated in the 26 week in-season gym based programme. Athletes were
tested pre, week 11 and post for anthropometric measures and strength (predicted 1RM)
for back squat, bench press and prone row. Performance measures of countermovement
jump, 5, 15 and 30m sprints and T-Test agility scores were recorded pre and post. Measures
of performance transfer from gym based improvements to the performance measures were
calculated to assess the link between gym based training and sports performance.
Functional Movement Screen scores were assessed pre and post, and injuries were
recorded throughout the intervention period along with individual athlete exposure to

training and matches.

Meaningful change was observed for mass and LBM coupled with reduction in body fat %.
Small effect sizes were observed in relation to height at all time points (d<0.1). Large effect
sizes were calculated from pre to post in squat (74.9%, d=1.84), bench press (82%, d=1.78
and prone row (80%, d=1.86). CMJ performance improved 14% pre to post (d=1.10).
Moderate effect sizes were noted in relation to improvement in sprint times pre to post
over 5m (d=0.61), 15m (d=0.60) and 30m (d=0.52). The ratio of performance transfer from

the improvements in squat performance to performances measures was 0.19 (CMJ), 0.09



(PP), 0.24 (AP), 0.05 (5m sprint), 0.03 (15m sprint) and 0.01 (30m sprint). Mean total scores
in the Functional Movement Screen increased from pre (13.8 £ 1.2) to post (17.5 £ 0.9,
P<0.05, 17.6% increase) and a 30% reduction in asymmetries within the squad were
reported. Injury rate was calculated at 0.94 per 1000 hours of training exposure, estimated

at 6.1 per 1000 hours of match play exposure and 1.6 per 1000 hours of total exposure.

The current investigation demonstrated that the application of Strength and Conditioning
training to elite academy football players produced improvements in Functional Movement
Screen scores and reported low levels of injury incidence and severity and therefore may be
protective against injury risk. Large gains in gym based performance were recorded across
the playing group, transfer however was only observed in improvements in
countermovement jump performance. The poor transfer rate to sprint based performance,
may suggest transfer of strength increases to complex movement patterns may require

additional mechanisms.
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1. Introduction

Strength and Conditioning (S&C) is still considered a relatively young profession although
the delivery of S&C is rapidly growing (Dorgo, 2009). However it is considered an essential
part of athletic preparation, development and injury prevention underpinning successful
performance (Pullo, 1992). While this is the case and some sports have embraced S&C over
a long period, for example Rugby Union, with all top flight clubs employing dedicated S&C
professionals; however this is not the situation for football. Anecdotal evidence from sports
scientists and fitness coaches currently operating in the elite level of football outline that
numerous ‘top flight’ clubs neither employ or dedicate time to gym based athletic
preparation. The reasons for this are numerous and include high sports specific training
volumes, matches and management and coaches’ education in sports science and the

disciplines under that umbrella.

1.1 Role of the S&C Coach

The National Strength and Conditioning Association (NSCA) researched responses from a
national survey of S&C coaches to define the role of a modern S&C professional and

concluded the following:

‘Certified Strength and Conditioning Specialists (CSCS) are professionals who apply scientific
knowledge to train athletes for the primary goal of improving their athletic performance.
They conduct sports-specific testing sessions, design and implement safe and effective
strength training programmes, and providing guidance regarding nutrition and injury
prevention. Recognising that their area of expertise is separate and distinct, CSCSs consult
with and refer athletes to other professionals when appropriate’. (Baechle, 1997; Dooman

etal., 1998).



It would appear, therefore, that the role and expertise of the S&C coach is multifaceted.
Coaches are required to have a broad knowledge of sports science disciplines including
biomechanics, sport psychology, exercise physiology, nutrition, testing and measurement of
athletes, research methods and human anatomy (Dooman et al., 1998; Garhammer, 1998;
Martinez, 2004; Massey, 2010). The coaches’ knowledge base must also include specific
scientific principles relating to the sports science field of S&C itself. This knowledge base
should include program design variables, including the short and long term planning of the
overall training program (periodisation) but also the structuring and organisation of
individual exercise sessions to achieve specific goals e.g. exercise selection, exercise order,
modes of training, volume of training and the load, repetition and rest scheme (Dooman et
al., 1998; Martinez, 2004; Massey, 2010). Underpinning the short term session planning the
coach must possess a broad repertoire of resistance training techniques and exercises,
including competition weightlifting movements, e.g. clean and jerk and the snatch, know
the proper form and spotting practices of these techniques and be able to teach them in
progression to allow competency to be gained by the athlete (Dorgo, 2009; Durrell et al.,
2003; Garhammer, 1988; Martinez, 2004; Massey, 2010). In conjunction with the weights
room exercise knowledge base, the coach must also possess other techniques of athletic
development such as plyometrics training in order to develop athletic characteristics of
explosiveness (increased rate of force development) and power, speed and agility and
cardiovascular fitness (Dorgo, 2009; Garhammer, 1998). Further to this, with a major aim of
the S&C programme being the reduction of injuries, (Dorgo, 2009; Durrell et al., 2003;
Garhammer, 1988; Martinez, 2004; Massey, 2010; Pullo, 1992) the S&C professional must
gain an insight into the intrinsic and extrinsic causes of injury, the aetiology of injury, specific

sites of injury risk relating to the demands of the sport and the injury rates for athletes



competing at that level of the particular sport. Once this information has been collated
strategies must be implemented to minimise their impact on the performer. Finally the S&C
professional must gain a good knowledge of the specific demands of the sport and the

individual athlete(s) they are working with (Dooman et al., 1998; Dorgo, 2009).

It would therefore appear that by incorporating all the knowledge strands of the S&C coach,
the fundamental aim of the S&C programme and the S&C coach is to enhance the athletic
performance and reduce injury risk of the individual or teams they are working with in a
sporting context. This will include the training of sports specific energy systems, strength,
power, speed, agility, mass (where appropriate) and lean body mass (LBM) and injury

prevention (Durrell et al., 2003; Kontor, 1989).

1.2 Physiological Demands of Football

Football is a 90 minute game, during which elite level performers cover approximately 10km
—12km in non continuous running (Stlglen et al., 2005). The predominant energy system for
football is aerobic metabolism with approximately 90% of the game spent performing
aerobically but there is also a significant contribution via the anaerobic energy systems for
activities such as repeated sprints, turns, jumps and kicking. The overall intensity of the
game is close to anaerobic threshold (Stlglen et al., 2005) and approximately 7 minutes of
the game is spent above lactate threshold. Since football is characterised as having an
intermittent high intensity activity pattern, in addition to a good aerobic capacity, the ability
to generate high levels of strength and power is an important capability. Explosive
movements are required frequently with maximal 2-3second sprints required every ninety
seconds. It has been reported that 96% of the sprints are shorter that 30m and 49% of

sprints are shorter than 10m (Stlglen et al., 2005). In addition to this, players perform



approximately 50 turns a game, each requiring forceful muscular contractions (Withers et
al., 1982) as well as jumping, tackling, turning, holding off defenders and kicking (Bangsbo et

al., 1991; Stlglen et al., 2005).

1.3 Fundamentals of S&C

With fundamental goals of a gym based S&C programme, in addition to injury risk reduction,
being increases in strength, power and rate of force production an understanding of the
mechanisms of how performance in these areas is increased is required. Force of muscular
contraction is influenced by factors such as speed of lengthening or shortening, eccentric
contribution from the stretch shortening cycle, number of motor units active at the same
time and cross sectional area of the muscle (Behm and Sale, 1993). Considering these
factors it is known that two mechanisms are available for increasing strength; muscular
hypertrophy or neural adaptations (maximum strength training) (Hoff and Helgerud, 2004).
Neural influences dominate the early onset of training in novice athletes, primarily including
a reduction in inhibition to muscle tension via the Gogli tendon organs and an increase in
neural drive in agonist muscles enhancing muscle recruitment, rate of pattern or discharge
and firing rate (Baechle and Earle, 2008), although these mechanisms still dominate
adaptations to strength training when the focus is maximal strength gains (Hoff and
Helgerud, 2004). Hypertrophic gains resulting from resistance training primarily are
attributable to an increase in cross sectional area to existing muscle fibres through
increased rates of synthesis and a reduction in degradation of actin and myosin in the
myofibrils and an increase in the number of myofibrils (Baechle and Earle, 2008). Through
an application of sets and repetitions, stress can be applied to the musculoskeletal system

to drive adaptation to meet the necessary training goal. Figure 1.1 outlines the repetition



ranges required to drive adaptations of strength, power, hypertrophy (Baechle and Earle,
2008). Loads lifted in the repetition ranges would be expected to be a maximum load
capable to that range, 5 repetitions are expected to equate to approximately 85% of 1RM
and 10 repetitions would equate to approximately 75% of 1RM (Baechle and Earle, 2008).
This %1RM-reptition relationship however is not consistent when working with a power
emphasis, with lower percentage of 1RM of approximately 50% for the desired repetition

range being appropriate (Siff, 2004).

This item has been removed due to third party copyright. The unabridged version of the thesis can be viewed at the
Lanchester Library, Coventry University.

Figure 1.1: The repetition maximum continuum (* The repetition ranges shown for power
are not consistent with %1RM — repetition relationship) (Baechle and Earle, 2008)

An application of sufficient sets to generate adaptation is also necessary, for strength
training 2-6 sets, power 3-5 sets, hypertrophy 3-6 sets and muscular endurance 2-3 sets

(Baechle and Earle, 2008).



1.3.1 S&C in Football

Strength and power are important to football performance (Hoff and Helgerud, 2004; Stolen
et al., 2005), so it is no surprise that strength and power have strong relationships with
performance measures. Therefore increasing the maximum force of contraction of lower
limb muscles associated with movement patterns such as sprinting, players have been
shown to produce increases in sports specific field test involving those patterns, such as
turning, jumping, accelerating and changing pace (Bangsbo et al., 1991; Wislgff et al., 2004;
Chelly et al., 2010). The introduction of general conditioning resistance training to young
players would assist with improving muscle mass, enhance bone and muscle strength,
improve muscular endurance, develop core stability and reduce the incidence of soft tissue
injury (Young, 2006; Garcia- Pallares et al., 2009). Musculoskeletal adaptations of this kind
allow athletes to withstand the recurring mechanical stress experienced throughout the
training and competition phases of their sport and therefore improves performance and

reduces injury risk (Heidt et al., 2000; Marshall, 2005; Gamble, 2006).

It is recognised that a combination of both training stimulus for maximising hypertrophy and
maximum strength, for increasing overall strength profiles of an athlete are required. There
are however considerations when applying these to football. Players may not wish to focus
on hypertrophy training as it will incorporate an increase in body mass that will require
transporting during match play (Hoff and Helgerud, 2004), and therefore have a impact on
aerobic fitness parameters. Although in youth players or players specifically identified by
their coaches, hypertrophy may be an essential part of their development (Stolen et al.,
2005). Further to this, the type of training associated with hypertrophy is high volume (8-12

reps, 60-85% 1RM) and exhausts the trained muscle, it is therefore only really appropriate in



the off-season or early pre-season phases of a periodised plan for football (Chadd, 2010). In
contrast the training stimulus for maximal strength that encourages neural adaptations such
as increasing firing frequency of the motor neuron, increased synchronisation of firing and
increased motor unit recruitment has a lower training volume, with rep ranges of between

3-5 (85-95% 1RM), and can be used to maintain/increase strength gains within season.

Despite an increase in maximal strength, increasing relative strength and therefore
subsequently power (Hoff, 2005), a decrease in speed of contraction through hypertrophy
and heavy resistance training could result in reduction of force production at high velocities
of the force-velocity curve (Hoff and Helgerud, 2004), however this would be more
pronounced in hypertrophy training than maximal strength training. As rate of force
development is also essential in team sports play, it is also important to develop this aspect
of training with specific exercises of low weight but high velocity of movement power
training (Turner, 2009). It would therefore seem reasonable that throughout a periodised
strength and conditioning plan that training programmes focus on different areas on the
force-velocity curve and that the low loads involved in maximal strength and power training

lend itself more to in season demands.

Studies have been conducted investigating the implementation of resistance training based
S&C in football (Helgerud et al., 2002; Hoff & Helgerud , 2002; Ronnestad et al., 2008; Chelly
et al., 2009), however all of these studies have been conducted during pre-season and only

over short time frames of 6-8 weeks.

1.3.2 Periodisation

The S&C coach must engage in both short and long term planning, this must incorporate

daily and weekly training plans with the corresponding short-term requirement of the
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athlete but also they must develop longer term plans ranging from weeks to an entire year,
or in some cases even longer (Massey, 2010). Periodisation is the practice of structuring
training to achieve performance results and incorporates dividing the long term plan into
training phases (macrocycles, mesocycles and microcycles) (Siff, 2004; Issurin, 2008). The
practice of periodisation stems from Selye’s General Adaptation Syndrome (GAS) (1974), in
which it was hypothesised that systems will adapt to stress in order to meet the demands of
the stressors, by optimising this principle of overload and recovery with structured training
programmes the neuromuscular system can adapt to improve performance (Rhea et al.,
2002). GAS is split into distinct phases that include the ‘alarm phase’ when the system is
exposed to new stress, and may experience a reduction in performance. This is followed by
a ‘resistance phase’, where which training adaptations can occur and through recovery can
lead to higher level of performance termed ‘supercompensation’ (Bompa and Hoff, 2009;
Issurin, 2010). Periodisation has been demonstrated to produce greater gains in strength
and body mass than non periodised training programmes (Stowers et al., 1983; Willoughby,
1993; Baker et al., 1994; Kraemer, 1997). A macrocycle is the largest division of the training
model, and will typically be a whole year, but could equally be a smaller block of a few
months, a season, or a 4 year cycle as utilised in many Olympic sports. A macrocycle will
consist of multiple mesocycles, normally lasting a few weeks but potentially having duration
of a few months. Each mesocycle will incorporate a general goal for that training period, for
example general preparation. The mesocycle will be divided in to multiple microcycles,
usually one week in duration focussing on the weekly and daily training variations (Bompa
and Carrera, 2005; Siff, 2004; Baechle and Earle, 2008; Issurin, 2008; Bompa and Haff, 2009).
Integrating and planning training about the competition schedule of an athlete to consider

volumes of sports specific training and rest periods in the correct combination or sequence



can create optimal athletic development within a given sport (Plisk and Stone, 2003; Chadd,
2010). The original forms of periodisation postulated were developed around a 4 year
Olympic cycle aiming for annual training peaks for 1 or 2 major competitions and the
Olympic Games every 4 years and contained preparatory, competitive and transition phases
(Chad, 2010) and the development of these models was highly influenced by a few specific
sports (weightlifting, track and field and swimming) (Verkhoshansky, 2006). The use of
classic periodisation models has been utilised in team sports particularly in off-season and
pre-season training blocks, with the in-season training programmes then based around
maintaining the increase in strength and power gained in the out of competition phases
(Hoffman et al., 1991; Chad, 2010). Unlike the sports, however, used in the development of
classic linear periodisation models many team sports, such as football, have extended
seasons in excess of 35 weeks (Gamble, 2006), multiple matches within a week and multiple
peaks required e.g. important league fixtures, tournaments and cup fixtures and classic
linear models may not suitable to provide multiple peaks and/or maintain peak
performances within a season (Issurin, 2008). The demands of the modern day competition
calendar and the perceived limitations of the classic linear model have led to researchers to
develop additional strategies of periodisation, these include the Daily Undulating Model
(DUM) (Fleck and Kraemer, 2007), Conjugate Sequencing System (CSS) (Verkhoshansky,
2006) and Concurrent Training (CT) (Gamble, 2006). Issurin (2010) however suggested that
due to the complex nature of some of these proposed models, a modified traditional model
may be still applicable to junior players, novice strength and conditioning athletes and low

level athletes.



The CSS is focussed on developing one training characteristic during the accumulation phase
of a mesocycle, while simultaneously undergoing maintenance type volumes of work for at
least one, if not more other training characteristics. During the restitution phase, volume is
decreased for the principal target of the phase and moderately increased for the other
characteristics being maintained (Plisk and Stone, 2003). This method has been shown to
provide athletes with a potent training stress, Fry et al., (2000) monitored the endocrine
system and noticed following a period of CSS training and a subsequent taper showed
significant increases in testosterone concentration levels from pre-training levels.
Testosterone can influence protein synthesis in the muscle as well as acting on the
neuromuscular system by increasing the amounts of neurotransmitters, therefore
influencing both structural and neural adaptations to increase strength (Baechle and Earle,
2008). It is worth noting however due to the high volumes and multiple sessions required in
implementing such a system, it places the athletes at risk of overtraining syndrome (Turner,
2011), and it is only considered suitable for advanced athletes who have access to large

amounts of training time (Chad, 2010) and highly skilled S&C practitioners (Turner, 2011).

DUM refers to pronounced variation in training volumes and intensity within a training
week, targeting a different percentage of repetition maximum and therefore having a new
training stress for each session, for example 3 sessions per week would have exercises
performed at 4-6RM, 12-15RM and 8-10RM in each separate session with a load that would
elicit failure in the final set (Chadd, 2010). Rhea et al. (2002) assessed a 12 week linear
periodised programme against a 12 week DUM matched for training volume and intensity
targeted at increasing muscular strength. DUM was shown to give significantly greater gains

in squat (55.78% compared to 28.78%) and bench press (25.61% compared to 14.37%)

10



performance. There are however limitations to the implementation of this model, with the
principal of adaptation, overreaching and supercompensation, there is a reliance on the
principal of alarm and subsequent resistance or fatigue to that stressor, in order to achieve
positive adaptation. If the aim of targeting training is to always avoid fatigued energy
systems we may not maximise potential stimulus for training (Chadd, 2010). Further to this
Rhea et al. (2003) further compared DUM to a linear model matched for training volume
targeted at increasing muscular endurance. The investigation found no significant difference
in improvement in performance, with muscular endurance increasing 55.9% coupled with a
9.1% increase in 1RM for the linear model and a 54.5% increase in muscular endurance
coupled with a 9.8% increase in 1RM utilising DUM. It would therefore appear that different
models of periodisation may be better suited to meeting different resistance training goals.
In addition to this, monitoring and adapting training loads for multiple sets, across multiple
rep ranges within one week and to reach failure in the final set within a given rep range,
across a squad of players may be difficult to manage in a real world squad environment,
with players regularly being required to readjust loads due to residual fatigue from other

training session.

CT involves training of multiple characteristics during any one training period and is widely
used in-season in team sports due to the physical demands of the sport requiring the use of
multiple characteristics at one time (Tan, 1999; Chad, 2010). Care must however be taken
when implementing concurrent training in-season, to match the training phase to the
energy system training that predominates sports team training during the competition
phase. For example, training for aerobic power will require adaptation to increase the

muscle oxidative capacity but in turn can reduce muscle protein synthesis (Bell, 1997),

11



which would have a negative impact on strength gains if that were being sought
concurrently. The concurrent training of some variables of performance is highly matched,
for example strength and power, as strength is a precursor to power (Turner, 2011). The
implementation of concurrent training can sometimes give the appearance of linear
periodisation due to blocks of training being targeted for periods of time, although multiple
characteristics of performance are being targeted at the same time, and illustrate how
models can be adapted and integrated to meet the needs of the athletes the coach is

working with (Chad, 2011).

The variables that can be manipulated across each training phase and in all of the above
periodisation models to maximise adaptation include the number of reps per set, number of
sets, exercises prescribed, number of exercises in a given training session, rest periods

between sets and the number of training sessions per day and per week (Fleck, 1999).

1.3.3 Monitoring Resistance Training Volume

When administering a periodised training plan the ability to quantify training loads and
volumes is considered important. The S&C professional will modulate training volume in
order to manipulate training stressors and drive adaptation (Haff, 2010). One key aspect of
monitoring athletic training demands is to estimate the amount of work the athlete
undertakes during the resistance training component of their training plan (McBride et al.,
2009a). There is however currently no standard model for determining training volume
within the literature and this is attributed to the complex variables that make up resistance

training programmes (McBride et al., 2009a).

Various methods have been proposed to determine training volume; Volume Load (VL) (VL

(kg) = number of sets x number of repetitions x weight lifted (kg)) (Stone et al., 1999; Bompa
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and Carrera, 2005; Haff, 2010), Maximum Dynamic Strength Volume Load (MDSVL) method
(repetitions [no.] x [body - shank mass (kg) + external load (kg)]) (Peterson et al., 2010),
Time Under Tension (TUT) (calculated from monitoring the time to perform the eccentric
and concentric portions of and exercise) (Tran et al., 2006) and Total Work (TW) (TW (Nm) =
Force (N) x displacement (m)) (McBride et al., 2002; Cormie et al., 2007; Haff, 2010). All of
the methods outlined above have benefits and limitations associated with them and give
different outputs for the amount of volume lifted. McBride et al. (2009a) assessed all 4
protocols across 3 specific training goals (hypertrophy, strength and power). The
investigation utilised manipulation of reps, set and loads to target the specific training
parameters required, however matched total training volume. Significant differences were
shown between the calculated training volumes for hypertrophy, strength and power
except when using TW method of calculating training volume, and concluded this would be
the most valid determination of training volume. This view is echoed by other research
(Garhammer, 1993; Cormie et al., 2007; Sato et al., 2009) however it is also accepted that
due to the complex nature and cost of equipment, and increased time component required
to monitor the displacement of the bar, that when delivering applied S&C it is implausible in
a real world setting (McBride et al., 2009a; Haff, 2010). Rudimentary methods have been
proposed to allow for the determination of displacement including estimation using tape
measures, while this may seem acceptable for controlled compound movements such as
bench press, research has illustrated that in power exercises such as a clean pull significant
variation exists in displacement of the bar between repetitions of a set and therefore lead to
inaccuracies in the training load calculated (Haff et al., 2003). Advancements in easy use
accelerometers however mean this will become a realistic proposition in the future

(McBride et al., 2009a; Sato et al., 2009; Haff, 2010). TUT and MDSVL are similarly not

13



widely used in applied S&C by coaches due to equipment required and time consuming
nature of their collection, TUT is also limited as it does not take in to account body mass
displacement of the barbell, the external load or the actual force produced (McBride et al.,
2009a). The measurement of VL, despite its limitations, is more widely used in the
preparation of athletic populations (Stone et al., 1999; Rhea et al., 2002; Rhea et al., 2003;
Stone et al., 2006; Haff, 2010), due to its simplicity in nature of collection and calculation
(McBride et al., 2009a). McBride et al. (2009a) also concluded that the VL method resulted
in reasonable estimate of work. Two main equations are proposed when quantifying VL one
which utilises the absolute load lifted (VL (kg) = number of sets x number of repetitions x
weight lifted (kg)) (Stone et al., 1999; Bompa and Carrera, 2005; Haff, 2010), and one which
utilised the percentage of 1 RM the athlete is working at (Volume load (kg) = number of sets
x number of repetitions x (1IRM x %1RM)) (Bompa and Haff, 2009; Haff, 2010). While both of
these equations are considered adequate in the calculation of VL, Haff (2010) recommends
the use of the equation utilising %1RM in the planning process of programme design, and
the calculation based on absolute load in the monitoring stages of the training programme.
While utilising the %1RM method allows the S&C coach to predict and manipulate the VL
based on the athlete’s strength performance across those exercises, during the training
period it does not take in to account the actual load lifted by the athlete, fatigue,
progression and limited opportunities to reassess the athletes 1RM (progression by utilising
rep ranges) can alter the total work done by the athlete and it is therefore considered vital

that the actual load lifted is included in the VL equation (Tan, 1999; Haff, 2010).

In addition to the VL, some authors have reported the use of Volume Index (VI) (VI = Volume

Load (kg)/Body Mass (kg)) as VL does not account for the athlete’s body size (Haff, 2010).
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The calculation of the VI will allow for easy comparison on progression between players
within a squad and a more true representation of the work done in relation to the
individual. Despite the potential limitations of calculating training load using this method
training programmes should report the VL estimate as it is still a better illustration than only

reporting the number of repetitions performed (Haff, 2010).

1.4 Testing Football Players

Despite aerobic fitness playing a large contribution to football performance (Stlglen et al.,
2005), due to the nature of the intervention in this study, no aerobic tests will be considered
in the following review of testing procedures, which will focus mainly on strength and power
measures and performance measures that reflect those characteristics in a field based

environment.

1.4.1 Maximal Strength Testing (1RM)

Maximal strength is defined as the maximum force produced by the neuromuscular system
during a maximal voluntary muscular contraction (Stlglen et al., 2005). Methods for
measuring maximal strength include the use of isokinetic testing (Leatt et al., 1987; Davis et
al., 1992; Rahnama et al., 2003; Croisier et al., 2008; Greig, 2008) and free weight tests for

example bench press and half squat tests (Wislgff et al., 1998; Wislgff et al., 2004).

Isokinetic tests do not reflect the movement patterns of the limbs involved during football
as no natural movement is isokinetic (Stlglen et al., 2005) and therefore these tests have
limited value when predicting performance in dynamic sports (Hoff and Helgerud, 2004).
The use of free weights through standardised movement patterns such as the squat will

more accurately reflect the functional strength of the athlete (Wislgff et al., 1998; Hoff and
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Helgerud, 2004). In addition to this, free weights are more readily available to sports teams
than expensive isokinetic dynamometers (Stlglen et al., 2005). It is worth when examining
1RM testing scores for half squat the methods used, some practitioners have used a Smith
machine, (McBride et al., 2002; Moore et al., 2005; Requena et al., 2009; Gonzalez-Rave et
al., 2011) for additional safety. The Smith machine consists of a barbell that is fixed within
steel rails, allowing only vertical movement. It is therefore likely that the Smith machine will
not give a true functional measure of strength due to stabilisation and path of the bar is
undertaken by the cage of the device (Cotterman et al., 2005). The use of free weights to
determine measures of maximal strength however does present a greater risk of injury to
players than use of isokinetic dynamometers where the tested muscle is isolated (Chapman
et al., 1998; Svensson and Drust, 2005). In light of this many practitioners use multiple
repetition maximum testing and prediction equations to evaluate 1RM to reduce injury risk

(Baechle and Earle, 2008).

Various factors require considering when implementing multiple repetition maximum
testing protocols as excessive warm up and testing sets may fatigue the athlete and affect
the accuracy of the test (Baechle and Earle, 2008). Research has also highlighted that the
closer to 1 repetition the athlete performs the test the more accurate the test will be with
10 repetitions seeming to be the uppermost limit for accuracy of testing using predictions
equations (Brzycki, 1993; LeSuer et al., 1997; Chapman et al., 1998; Baechle and Earle,
2008). LeSeur et al. (1997) examined the accuracy of seven prediction equations in
evaluating 1RM from multiple repetition testing in squat and bench press exercises and
concluded that 1RM could be successfully predicted from lower than 10 reps to failure. In

addition to this it was noted that Brzycki’s prediction equation (Brzycki, 1993) predicted
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1RM within 0.05% in a squat exercise. This study was however conducted in a group of
untrained college students enrolled in a recreational weightlifting group and not elite level

athletes.

Squat strength values for adult professional football players have been reported between
115-209kg for half squat (Hoff and Helgerud, 2002; White et al., 1988; Wislgff et al., 1998;
Ronnestad et al., 2008) with elite youth team values observed at 105-142kg (MacMillan et

al., 2005; Chelly et al., 2009).

1.4.2 Lower Body Power

Power is the production of as much force as possible in a given time and is heavily
dependent on maximal strength (Stlglen et al., 2005). Improvements in maximal strength,
improve relative strength and therefore in turn improve power (Verkoshansky, 2006). Lower
body power production should ideally be measured using a force plate (Harmann et al.,
1991) however as this equipment is not readily available, many practitioners use
countermovement jump (CMJ) height to establish lower body power in athletic populations
(Leatt et al., 1987; White et al., 1988; Garganta et al., 1992; Wislgff et al., 1998; Casajus,
2001; Hoff and Helgerud, 2002; MacMillan et al., 2005; Silvestre et al., 2006). When
measuring lower body jump performance, it is common for practitioners to report jump
height in (cm), however due to the impact of body mass on jump performance calculation of
power output should also be included in the analysis of jump performance to measure
lower body power utilising a suitable prediction equation (Harmann et al., 1991). Harmann
et al. (1991) proposed a prediction equation for Peak Power (PP) and Average Power (AP)
outputs during a CMJ, that predicted power output within 1% of those measured on a force

plate in professional rugby league players (Cronin and Hansen, 2005).
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CMJ performance has been noted in professional senior players between 34-63cm (White et
al., 1988; Wislgff et al., 1998; Reilly et al., 2000; Casajus, 2001; Hoff and Helgerud, 2002;
Strudwick et al., 2002; Silvestre et al., 2006; Ronnestad et al., 2008; Sporis et al., 2009) and
between 34 -54cm in elite youth players (Leatt et al., 1987; Garganta et al., 1992; MacMillan

et al., 2005; Chelly et al., 2009; Buchheit et al., 2010).

1.4.3 Sprint Performance

Speed is a very important component of football performance (Svensson and Drust, 2005).
96% of the sprints are shorter that 30m and 49% of sprints are shorter than 10m (Stlglen et
al., 2005). Testing sprint capacity of football players should, therefore, involve distances of
no more than 30m (Strudwick et al., 2002). Split times have been observed for 5m (Reilly et
al., 2000), 10m (Reilly et al., 2000; Strudwick et al., 2002) and 15m (Reilly et al., 2000) in

various studies.

Due to the nature of the activity directly relating to football performance, tests over the
above distances have been demonstrated to have high levels of face validity, reliability and
reproducibility (Mirkov et al., 2008). Where possible for reproducibility and accuracy of
measurements photoelectric timing gates should be utilised (Stlglen et al., 2005; Svensson

and Drust, 2005).

Sprint timings of 1.04-1.44s for 5m (Reilly et al., 2000; Sporis et al., 2009), between 1.75-
2.44s for 10m (Reilly et al., 2000; Strudwick et al., 2002; Ronnestad et al., 2008; Sporis et al.,
2009), 3.67s for 15m (Reilly et al., 2000) and 4.26-4.31s for 30m (Reilly et al., 2000;
Strudwick et al., 2002; Taskin et al., 2008) have been observed in elite professional males

and 1.92-1.96s for 10m and 4.57-4.70s for 30m in elite U15 males (Buchheit et al., 2010).
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1.4.4 Agility Testing

Agility is defined as the ability to change to direction of the body rapidly, and combines
strength, speed, balance and coordination (Svensson and Drust, 2005), and is therefore
highly relevant to football performance. Agility has been suggested to be the best indicator
of performance for football and has potential to provide the clearest differentiation
between non-elite and elite players (Svensson and Drust, 2005) The application of an
appropriate agility test can be dictated by the coach’s desired outcome from the test or
performance enhancement that has gone in to developing the test. It has therefore been
proposed that some tests correlate with better with certain aspects of performance than
others. For example the Illinois agility test has been illustrated to correlate well with
velocity, whereas the 505 test correlates better with acceleration. The T-Test has been a
valid predictor of agility performance with high reliability scores (Pauole et al., 2000) and it
is a well accepted test of agility being simple to administer and requires minimal equipment

and preparation (Sassi et al., 2009).

T-Test scores have been noted 9.21-12.8s for adult male athletes (Miller et al., 2006),

however the author could find no published data for football players.

1.5 Performance Transfer

With the implementation of resistance training gym based exercise becoming increasingly
utilised to develop strength and power for sports performance, the ability to maximise
transfer of strength and power gains in the gym to performance gains in the field of play is
considered a principal factor in a S&C programme (Young, 2006). Young (2006) proposed
that transfer could be expressed as gain in performance/gain in trained exercise.

Considering the significant relationships that have been shown between squat 1RM
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performance, jump and sprint tests in senior (Wislgff et al., 2004) and junior players (Chelly
et al., 2010), and the high level of lower body involvement in the activities associated with
football performance (Bangsbo et al., 1991; Stlglen et al., 2005), it would be relevant to
associate the level of performance gains in sports specific tests to improvements in

measures of lower limb function such as squat 1RM to ascertain the performance transfer.

1.5.1 Performance Transfer in Football

Training intervention studies in football have illustrated improvements in sprint
performance over a number of distances and improvements in CMJ performance (Hoff and
Helgerud, 2002; Helgerud et al., 2002; Ronnestad et al., 2008; Chelly et al., 2009) , following
training protocols designed to improve lower leg strength and subsequently squat 1RM
performance (see Table 1.1). Julien et al. (2008) observed improvements in agility
performance after a 3 week strength training programme, although the magnitude of these

changes was not clear.

Table 1.1: Percentage increase in performance of gym based squat measures and
subsequent performance transfer measures in football related studies

Performance Increase

Author Subject Training | Squat | CMJ 5m 10m 20m 40m

Group Duration | 1RM Sprint | Sprint | Sprint | Sprint
Helgerud | Professional | 8 weeks | 34% 5% - 3% 2% -
etal.
(2002)
Hoff & Professional | 8 weeks | 25% - - 5% - -
Helgerud
(2002)
Ronnestad | Professional | 7 weeks | 21% 5% - 2% - 1%
etal.
(2008)
Chelly et 17 yearold | 8 weeks | 26% 7% 6%* - - -
al. (2009) | sub-elite

*Improvement in velocity (m/s). All other sprint values are improvements in performance time.
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It is clear from the above that the application of gym based strength training aimed at
improving 1RM performance in the squat, does transfer to performance measures, however
the percentage of transfer is considerably less than gains seen in a gym based environment.
It is also clear that the magnitude of transfer is greater in jump performance than sprint
performance (Young, 2006). The superior rate of transfer from squat based performance to
CMJ than sprint measures is to be expected. In strength training studies, it has been shown
that increases in strength are dependent on the similarities between the training and testing
exercise, due to the specificity of neuromuscular learning and coordination and reaction to
speed of contraction stimulus (Almasbakk and Hoff, 1996; Stlglen et al., 2005). CMJ directly
incorporates movement patterns associated with the performance of a squat, high levels of
specificity are therefore present therefore superior levels of transfer are subsequently
observed in this test of performance. Sprinting performance however is a complex
movement pattern involving unilateral contraction of hip flexors to propel motion (Young,
2006) and therefore the transfer of squat performance lacks specificity to the performance

measure and reduced transfer rates are observed.

The S&C training age of study participants should also be examined when ascertaining the
performance transfer ratio. The largest improvements to sprint and CMJ performance seen
above (Chelly et al., 2009), subjects had no previous experience of S&C training and
therefore as outlined earlier, general strength training may transfer better to performance
than if undertaken in advanced athletes who may require greater specificity of training
(Young, 2006). In addition to this the studies illustrated above were all undertaken in off or
pre-season training periods, and the effect of competition schedule on performance

transfer may have an impact on the magnitude of performance gain seen. Therefore
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although conditioning should provide a sound basis from which to develop more activity
specific conditioning the extent to which it may transfer to aspects of performance, such as
sprinting, in young talented football players is worthy of investigation, particularly during in-
season where the demands of soccer performance could inhibit adaptation suited to

increases of strength and power.

1.6 In-Season Variation in Performance Measures

When assessing the effectiveness of a strength and condition programme over an extended
period during in-season, research based evidence in to the effects of prolonged competitive
exposure has on performance variables may be required when interpreting results. Ispirlidis
et al. (2008) demonstrated that it took between 96 to 120 hours (4 to 5 days) of rest, post
match, to normalise blood markers of muscle damage (creatine kinase) and inflammation
(uric acid) and to achieve pre-match values for maximal strength and 20m sprint
performance, similar findings have also been reported for vertical jump performance
(Andersson et al., 2008). It is therefore clear from current elite level training and playing
demands that this rest period is rarely achieved. Consequently, if players are involved in
multiple matches and daily training sessions throughout a week, it could be expected to
reduce match-related physical performance, represented by distance covered, high-
intensity work, sprint distance, and number of sprints during the second match (Dupont et
al., 2010). Subsequently over a whole season one would anticipate reductions in
performance measures such as sprint times and vertical jump performance due to fatigue
(Ekstrand et al., 2004). Ekstrand et al. (2004) highlighted that 60% of the players who
competed in more than 1 match per week prior to the commencement of the 2002 World

Cup incurred injuries or underperformed. Dupont et al. (2010) assessed 32 elite professional
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players over 52 matches and noted no significant reduction in performance measures listed
above betweens matches with a recovery time period of between 72 to 96 hours. While this
may seem to contradict the earlier studies there may be multiple factors influencing the
data in this study. As professional level footballers, there is likely to be an investment of
time in the management of the recovery process through additional treatments, such a
massage, pool recovery sessions and cold water emersion (Reilly and Ekblom, 2005), in
addition to this tempo of the match, tactics, number of sprints and level of work have been
illustrated to be affected by the current score line of the match in progress and therefore
may not be a sufficient objective marker to determine fatigue within a playing group

(Stlglen et al., 2005).

Further to this, gym based improvements gained in a pre-season training phase have been
shown to diminish within season while performing maintenance loads of resistance training
(Dos Remedios et al., 1995; Fleck and Kraemer, 1997; Schneider et al., 1998; Legg and
Burnham, 1999; Baker, 2001). Pre-season strength gains have been illustrated to be
maintained between 13-16 weeks of in-season performance (Dos Remedios et al., 1995;
Fleck and Kraemer, 1997; Schneider et al., 1998; Baker, 2001), however Legg and Burnham

(1999) observed reductions in strength of up to 25% over 10 weeks of competition.

Despite the range of results, which may be due to the variation in maintenance training
prescribed in the studies, it is clear that even the longest period of maintenance illustrated
above only covers half the normal team sports competitive season (Chadd, 2010). The
literature therefore appears to suggest that over the in-season period measures of
performance decrease, and require maintenance strategies to maintain them. Mechanisms

proposed for this reduction in strength and power include reductions in muscle mass
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through the decrease in resistance training volume and increased volume of energy system
training experienced through match practice and match play (Chadd, 2010). It would be
reasonable to suggest that as sprint performance and jump height performance are closely
linked to leg strength and power (Wislgff et al., 2004; Chelly et al., 2010), that actions that
reduce strength and power outputs will equally adversely affect the outputs in a game

situation or performance tests related to such aspects of game performance.

In light of the above a limited number of studies have looked at the effect of a whole
seasons’ performance on measures such as sprint times, jump performance, power output,
body composition and aerobic fitness (Thomas and Reilly, 1979; Casajus, 2001; Ostojic,
2003; Kraemer et al., 2004, Silvestre et al., 2006; Cladwell and Peters, 2009; Magal et al.,
2009; Carling and Orhant, 2010). The results presented in these studies paint an uncertain
view of the effect of a competitive performance on performance measures and body

composition.

Body composition may also change in season and this could affect performance tests.
Casajus (2001), noted a significant decrease in the body fat % coupled with no change in
body mass in professional players from Spanish La Liga and similar results were observed in
studies involving elite professional players (Ostojic, 2003) and semi professional players
(Cladwell and Peters, 2009). In contrast to this however various studies have reported no
significant change in body fat % over the course of a season in National Collegiate Athletic
Association (NCAA) Division | soccer players (Kraemer et al., 2004; Silvestre et al., 2006) and
NCAA Division Il players (Magal et al., 2009). Carling and Orhant (2010) reported a decrease
in body fat % from pre-season to mid-season and an increase in body fat % from mid-season

to post season tests in French Division | players. There may be a number of reasons why the
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picture is unclear, however a principal one may be the lack of integration or clarity within
the analysis of data with regard to the amount of playing time subjects within the study
have been exposed to. Only one study (Kraemer et al., 2004) analysed the subjects between
starters and non starters and found body fat % showed no significant increase in starters but
a significant increase in non starters over the course of a season. This is likely to have an
impact on results presented, Magal et al. (2010) had a subject group of 12 players, it is
therefore unlikely that all these players consistently played and trained throughout the

whole season in what would be an estimated squad of 17 players.

The data presented with regard to performance measures such as sprint times and vertical
jump performance is also unclear. No significant changes have been reported post season in
jump test performance (Thomas and Reilly, 1979; Casajus, 2001; Silvestre et al., 2006;
Cladwell and Peters, 2009) or sprint performance (Silvestre et al., 2006). Kraemer et al.
(2004) reported significant reductions in vertical jump performance and 20 yard sprint time
however, no significant reduction in 40 yard sprint time. Similarly Cladwell and Peters (2009)
observed significant reduction in 15m sprint performance over the course of a season in
some studies. Conversely however improvements in sprint performance were also reported
over the course of a season. Magal et al., (2010) reported significantly improved 10m and
30m sprint times, however with no change in 40m sprints times, while Ostojic (2003) tested
50m sprint times and observed significantly improved times. In interpreting the patterns of
results the evidence is unclear as to the effects of whole season competition schedule on
performance measures, however, further analysis may illustrate reasons for differences. Of
the two main studies that illustrated no changes in performance in both sprints and vertical

jump, one highlighted an extensive S&C programme (Silvestre et al., 2006), while the further
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study illustrated increases LBM across the period indicating that some form of resistance
training may have been present (Casajus, 2001). Despite Magal et al. (2009) showing
improvements in short distance sprint performance, it is acknowledged that NCAA Division
Il 'is a lower level of playing standard for football, the players would have limited access to
S&C and general conditioning and that speed improvements may be a function of low level

fitness at end of pre-season (Casajus, 2001; Magal et al., 2009).

It would therefore seem apparent that the main aim of an S&C programme would be to
maintain pre-season levels of performance throughout the season, with performance gains
being a secondary priority due to the difficulty of programming for strength and power

within a sustained period that has potential to be catabolic in nature.

1.7 Football Injury

As injury reduction is considered one of the major priorities in the introduction of an S&C
programme to athletic populations, an injury audit process is considered relevant in the
design and monitoring of such programmes. The injury audit can be considered a 4 stage
process involving 1) the acquisition of data concerning the nature, extent, and severity of
sports injuries, 2) understanding the risk factors associated involved in the injuries within
that sport, 3) designing and implementing an intervention to impact on injury rates and 4)
re-assess the rate, extent and severity of injuries to measure the effectiveness of the
intervention and complete the cycle (Backx et al., 1991; Hagglund et al., 2005; Hawkins et

al., 2001; Price et al., 2004).

Injury rates have been illustrated to have significant differences between male and female

football (Inklaar, 1994; Schmidt-Olsen et al,. 1985; Junge et al., 2004a; Wong and Hong,
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2005) and indoor (Futsal) (Junge and Dvorak, 2010) and outdoor football (Keller et al,
1987). It is, therefore, the intention for the remainder of this literature review to only focus

on outdoor football played by male participants.

Football has been shown to have high level of injury rates when compared to other
participant sports (Hawkins and Fuller, 1998; 1999), and in Sweden football was identified as
the 4™ most likely of 17 sports to report an injury incident by visiting a physician (De Loes,
1988). In addition to this when compared to high risk industrial activities the overall risk was
approximately 1000 times higher for professional football players (Hawkins et al., 2001;
Hagglund et al., 2005). In light of the high injury rates seen in football, governing bodies for
football such as FIFA (Federation of International Football Associations) and UEFA (Union of
European Football Associations) (Hagglund et al., 2005, Ekstrand et al., 2011a) and National
football associations (Hawkins et al., 2001) have expressed their concern about the load
placed on a professional footballer and the translation of these loads into injuries. It has
further been argued that under Health and Safety legislation the clubs as employers of
players, have an obligation to reduce the injury risk where possible for players (Hawkins and
Fuller, 1998; 1999). During two seasons (2003-2005) individual absences at an English
division one soccer club from either training or a competitive game were documented on a
comprehensive daily register (Parry and Drust, 2006). An absence was defined as the
unavailability to train or play in a competitive game irrespective of reason. Reportable
injuries accounted for 49% of first team match unavailability and 60% of training sessions
missed indicating that the single biggest factor for a soccer player’s absence is a soccer-
related injury (Parry and Drust, 2006). This level of absence due to player injury has been

shown to have a high level of financial implications for the clubs involved (Woods et al.,

27



2002; Price et al., 2004). The projected financial loss due to injury for the 1999-2000 season
was £74.7 million, as approximately 10% of a playing squad was unavailable for training
each week due to injury (Hawkins et al., 2001). Further to the direct financial loss of paying
players wages who were unavailable to ‘work’, additional costs would be incurred in the
form of medical fees and increased insurance premiums (Woods et al., 2002). It could also
be argued that poor league positions and poor cup runs due to absence of first choice
players can attribute to the cost with lower gates figures, and reduced prize money (Woods

et al., 2002).

In relation to academy football the cost is probably better considered from the point of view
of athletic development (Price et al., 2004). For players to reach their athletic potential it is
estimated to take 10 years or 10,000 hours of practice time (Ericsson et al., 1994), with
players missing approximately 6% of the season through injury it is difficult to envisage

them achieving the levels of practice required for expert skill acquisition (Price et al., 2004).

1.7.1 Defining and Monitoring of Injury

In order to understand and review the data relating to injury it is imperative that an
understanding is gained of the methods and definitions utilised in the study of injury. One of
the major criticisms of the epidemiological study of football injury is the inconsistencies
between literature in defining injury and the various facets within and injury such as
severity, exposure, training and reinjury and the methods and timeframe of collection
within these definitions (Junge and Dvorak, 2000, Morgan et al., 2001; Junge et al., 2004b,

Hagglund et al., 2005; Wong and Hong, 2005; Junge et al., 2006).

Within the literature there are multiple definitions of what is constituted an ‘injury’. During

any investigation into the incidence of injuries, the first step must be to define the term
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‘injury’. Examining the literature relating to football it is clear that there is no agreement,
even to the extent of whether the injury has to be sustained while the player is directly
involved in football (Hagglund et al., 2005). Within some studies, only injuries for which an
insurance claim was submitted have been recorded (Pritchett, 1981; De Loes, 1995), but in
others the definition is limited to injuries in which the players received medical treatment at
a hospital casualty department (Nilsson et al., 1978), this is classed as a ‘medical attention’
definition (Hagglund et al., 2005). If studies into sports injuries are undertaken using data
collected through insurance files and medical attention reports, a large percentage of less
serious or overuse injuries will be missed during the data collections and skew the data
towards serious, predominately acute injuries (Junge and Dvorak, 2000; Hagglund et al.,
2005). A ‘time-loss’ definition of injury has become more widely used in the most recent
studies, however even with this shift in definition there is still large amount of inconsistency
within this definition. Broadly defined a time-loss injury takes a player away from
participation in training or competition within their sport, however within this definition a
player was defined as injured if he was unable to participate in the next or at least one
training session or game (Nielsen and Yde, 1989; Hawkins and Fuller, 1999; Walden et al.,
2005; Hagglund et al., 2009; Dupont et al., 2010); missing training or matches for 24 hours
following the injury occurrence (Drawer and Fuller, 2002; Froholdt et al., 2009), 48 hours
following the injury occurrence (Hawkins et al., 2001; Price et al., 2004; Le Gall et al., 2006)
or one week after the incident (Junge et al., 2000). The use of such definitions also has
limitations; a player who trains daily has less chance of recovering before the next training
session than does a player with training sessions twice a week, an injured player might
participate in the training sessions or match play with substandard performance due to high

importance of the match or pressure on selection (Junge and Dvorak, 2000). Finally studies
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have used the definition of any injury sustained during a football match or training session
irrespective of any medical attention or time-loss (Junge et al., 2004a; Dvorak et al., 2007;

Junge et al., 2009; Dvorak et al., 2011).

When using a time-loss definition of injury it is also necessary to define the severity of the
injury and this is generally ranked according to the number of days away from full sport
participation (Ekstrand and Gillquist, 1983b; Nielsen and Yde, 1989; Hawkins and Fuller,
1999; Hawkins et al., 2001). Full sport participation meant that players training but not
taking part in full training were still classified as injured until signed off as fully fit by the
clubs practitioners (Hagglund et al., 2005). Injury severity was initially categorised as slight
(<3 days absence), minor (4—7 days), moderate (8—28 days), and major (>28 days) (Hawkins
and Fuller, 1999; Hawkins et al., 2001; Drawer and Fuller, 2002; Woods et al., 2002;Price et

al., 2004; Walden et al., 2005; Le Gall et al., 2006).

When expressing injury rates, numerous methods have also been employed. Studies have
used a calculation of injury percentage, defined as the number of injured players divided by
total number of players (Sullivan, et al., 1980; Yde and Neilsen, 1990; Hawkins et al., 2001,
Junge et al., 2004a; Price et al., 2004). Professional players show a higher injury percentage
than adolescent players, injury percentage is however considered less useful than injury
rates based on other calculations, because the number of matches and training sessions
varies widely, within players in a team, from one team to another, or even from one year to
another (Wong and Hong, 2005). In addition to this, and more widely used, injury rate has
been expressed as the risk of injury per exposure, and normally calculated per 1000
exposures calculated as follows: number of new injuries x 1000/total exposures. It has

however been seen as per 100000 of exposures to be compared to industrial injury
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monitoring (Drawer and Fuller, 2002). The ambiguity within the literature here lies within
the definition and calculation of exposure. Some authors have classified athlete-exposure as
one athlete participating in one competition or one training session where they exposed to
injury, no matter of the time parameters of that exposure (Junge et al., 2004a; Junge et al.,
2006; Yard et al., 2008). For example, 3 training sessions involving 50 participants and 2
competitions involving 40 participants and would result in a total of 230 athlete exposures
(Wong and Hong, 2005). Further to this some authors have utilised the method of
expressing injury rate per 1000 hours of exposure, further divisions of classification are seen
within this definition with authors expressing exposure as match hours (Hawkins and Fuller,
1998; Junge et al., 2004a, 2004b; 2004c; Dvorak et al., 2007; Junge and Dvorak, 2010), total
exposure (the sum of all match and training hours) (Schmidt-Olsen et al., 1985) or
expressing all three (match, training and total exposure) (Hawkins and Fuller, 1999; Junge et
al., 2006; Le Gall et al., 2006; Froholdt et al., 2009; Hagglund et al., 2009; Dupont, 2010;
Ekstrand et al., 2011a, 2011b). In calculating exposure related incidence, the amount of
playing and training time for each individual player must be incorporated in to the data
collection. Authors have recorded the individual each players times associated with training
and competition (Walden et al., 2005; Parry and Drust, 2006; Dupont, 2010; Ekstrand et al.,
2011a) but in other studies the exposure time has been estimated by multiplying the
number of players by the hours of participation per week within training and matches often
excluding such indices as match overtime (Hawkins and Fuller, 1999; Morgan et al., 2001;
Junge et al., 2004a, 2004b; 2004c; Froholdt, et al., 2009; Junge and Dvorak, 2010; Dvorak et
al., 2011; Ekstrand et al., 2011b). The nonattendance of players from training sessions or
games and the removal of injury time exposure from calculations of injury rate, suggests

that exposure time may have been overestimated and subsequently the incidence of injury
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has been underestimated (Junge and Dvorak, 2000). It would therefore appear that when
calculating injury rate a preferred method would be to calculate individual player exposure
hours to match and training play and rates should be expressed per 1000 hours of exposure
based on the number of injuries received during the specific exposure total, not total
injuries across the collection period. Overall total exposure and injury rate is also useful to
compare across studies (Junge and Dvorak, 2000; Wong and Hong, 2005). It would also be
pertinent to consider in the study of injury incidence the definition of training, football
specific training should be included in any calculation of exposure, however at the more
senior levels of football, coach led strength and conditioning sessions, pool recovery
sessions and non soccer specific training sessions are regularly implemented and carry with
them inherent risk and exposure time for these should be considered in the calculation of
training exposure (Hagglund et al., 2005). Finally, the period of investigation needs to be
considered when investigating the literature. Some authors have reported injuries during
entire seasons (Backx et al.,, 1991; Morgan et al., 2001), multiple seasons (Hawkins and
Fuller, 1998; Hawkins and Fuller, 1999; Hawkins et al., 2001; Drawer and Fuller, 2002; Price
et al., 2004; Le Gall et al., 2006; Hagglund et al., 2009; Dupont et al., 2010; Ekstrand et al.,
2011a, 2011b), part of seasons (Froholdt et al.,2009) or during tournaments (Junge et al.,
2004a, 2004b, 2004c; Dvorak et al., 2007; Dvorak et al., 2011). Due to injury rates being
different for training and matches during different periods of the season (Hawkins and
Fuller, 1999, Hawkins et al., 2001; Price et al., 2004), a predominance of tactical training,
recovery sessions and more intense and frequent matches at tournaments (Froholdt et al.,
2009; Hagglund et al., 2009) and the incidence of injuries during games is higher than during
training (Junge and Dvorak, 2000), studies with different observation periods can be

expected to yield different results.
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With the above multiple definitions of many facets of injury monitoring, comparison
between studies is very difficult and note should be made of the methods when comparing

injury data (Morgan et al., 2001; Wong and Hong, 2005)

1.7.2 Football Injury Incidence and Prevalence Rates

The incidence of injuries amongst senior male professional soccer players across a season
has been estimated to range between 27 and 35 per 1000 match hours (Hawkins and Fuller
1999; Morgan et al., 2001; Walden et al., 2005). Injury rates for tournament play for senior
males have been reported as significantly higher, with a range from 41 per 1000 match
hours reported in the UEFA Championships (Hagglund et al., 2009) to 91 per 1000 match
hours in 2002 World Cup (Junge et al., 2004b). The higher end of the injury rates discovered
in tournament; 2006 World Cup, 68.7 per 1000 match hours (Dvorak et al., 2007), 1998
World Cup, 72.8 per 1000 match hours (Junge et al., 2004a), 2010 World Cup, 61.1 per 100
match hours (Dvorak et al., 2011) may be attributed to the authors including all injuries in
the data irrespective of any time-loss from playing or training. In respect to age group
football, injury rates have been demonstrated to be lower than those experienced in men’s
soccer. Le Gall et al. (2006) conducted a prospective study of injury over 10 years in French
Academy football and found injury rates per 1000 match hours to be 9.5 (U14), 10.4 (U15)
and 14.2 (U16). The trend for injury rates to increase as age increased was also observed in
other studies in age group football (Junge et al., 2004c; Hagglund et al., 2009). Further to
this, by the time senior academy age group level (U17 and U18 combined), as used in this
study, is reached injury rates appear to mirror levels of those shown in senior male
footballers, with a range being demonstrated per 1000 match hours of 27.9-37.2 (Hawkins

and Fuller, 1999; Junge et al., 2004a; Junge et al., 2004c; Hagglund et al., 2009). Despite the

33



variation in how time exposure is calculated there is conclusive evidence that more injuries
are sustained per 1000 hours of exposure time during game situations when compared to
training sessions (Hawkins and Fuller, 1999; Morgan et al., 2001; Ekstrand et al., 2004;
Walden et al.,, 2005; Wong and Hong., 2005; Junge et al., 2006; Hagglund et al., 2009;
Dupont et al., 2010; Dvorak et al., 2011). It has been reported that for senior players the
injuries per 1000 hours of training time for senior soccer players was between 2.9 and 5.8
when measured across seasons (Hawkins and Fuller, 1999; Morgan et al., 2001; Walden et
al., 2005; Hagglund et al., 2009; Dupont et al., 2010; Dvorak et al., 2011). These figures are
again mirrored in senior academy level football with Hawkins and Fuller (1999) and Le Gall
et al. (2006) observed injury rates per 1000 training hours to be 4.1 and 3.9 respectively.
This suggests that the competitive nature of a game situation increases the risk of a player
sustaining an injury and the level of competition brought about by the pressure of
tournaments further increases injury likelihood. When injury rate across a season is
expressed against total exposure the range observed is between 8.5-9.4 per 1000 hours of
exposure for senior players and the senior academy age group (Hawkins and Fuller, 1999;

Walden et al., 2005; Dupont et al., 2010)

Interestingly many authors have also reported a trend for more injuries to be reported at
the end of each half and later in a game (Hawkins and Fuller 1999; Hawkins et al., 2001;
Junge et al., 2004, Yoon et al., 2004; Woods et al., 2004; Ekstrand et al., 2011), implying that
fatigue may influence the occurrence of an injury. If fatigue is a major risk factor for injury

within football, conditioning of players to resist muscular fatigue may reduce injury rates.
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1.7.3 Injury Severity

Injury severity is dominated by injuries classed as slight and minor resulting in time-loss of
<7days, ranging between 44-78% of all injuries recorded (Hawkins and Fuller, 1999; Hawkins
et al., 2001; Morgan et al., 2001; Hagglund et al., 2005; Le Gall et al., 2006; Dvorak et al.,
2007; Froholdt et al., 2009; Hagglund et al., 2009; Dvorak et al., 2011). The predomination
of these injuries appears to be regardless of factors associated with changes in injury rate,
such as age (Hawkins and Fuller, 1999; Le Gall et al., 2006; Froholdt et al., 2009), training or
match (Hawkins and Fuller, 1999) or data collection through a season (Hawkins and Fuller,
1999; Hawkins et al., 2001; Morgan et al., 2001; Hagglund et al., 2005; Le Gall et al., 2006;
Dvorak et al., 2007; Froholdt et al., 2009) or tournament (Hagglund et al., 2005; Dvorak et
al., 2007; Hagglund et al., 2009; ; Dvorak et al.,, 2011). Hawkins and Fuller (1999),
investigated injury over 3 years in senior academy and professional players in professional
English clubs found injury the majority of injuries sustained to be <7 days in time-loss. It was
observed that 54% match injuries, 51% training injuries in the professional players and 44%

match injuries and 51% training injuries in the Academy players to be slight or minor.

1.7.4 Injury Location

It is well documented that the injury to the lower extremity dominates football injuries
(Schmidt-Olsen et al., 1985; Hawkins and Fuller, 1999; Hawkins et al., 2001; Morgan et al.,
2001; Junge et al., 2004a, 2004b, 2004c; Price et al., 2004; Walden et al., 2005; Wong and
Hong, 2005; Le Gall et al., 2006; Dvorak et al., 2007; Froholdt et al., 2009; Dvorak et al.,
2011, Ekstrand et al., 2011a, 2011b). When expressed as a percentage of total injuries it is
reported that between 70-92% of soccer injuries in adult male players (Hawkins and Fuller,

1999; Hawkins et al., 2001; Morgan et al., 2001; Walden et al., 2005; Wong and Hong, 2005;
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Dvorak et al., 2011, Ekstrand et al., 2011a, 2011b) and between 71-90% of all injuries in
youth soccer players (Schmidt-Olsen et al., 1985; Junge et al., 2004c; Price et al., 2004; Le
Gall et al., 2006; Froholdt et al., 2009) occur at the lower extremity. The predominance of
lower extremity injury in football is not surprising given the demands including running,
shooting, turning, overuse from lower limb repetition, jumping and the focus of tackling
towards the lower limb due to the proximity of the ball to this area (Hawkins and Fuller,
1999; Morgan et al., 2001; Wong and Hong, 2005). In addition to this there is evidence that
the majority of injuries are observed in the dominant limb (Hawkins and Fuller, 1999;
Hawkins et al., 2001; Price et al., 2004) and may be attributable to the dominant side being

exposed to higher levels of use in jumping, kicking, tackling and controlling of the ball.

In regard to the specific injury location, there are some levels of ambiguity in the literature.
The ankle has been considered a major injury site by many authors (Ekstrand and Gillquist,
1983a; Nielsen and Yde, 1989; Morgan et al., 2001; Junge et al., 2004a; 2004b), however
there is also evidence to suggest the thigh is the main area of injury location (Hawkins and
Fuller, 1999; Hawkins et al., 2001; Price et al., 2004; Le Gall et al., 2006). The knee and the
groin are suggested to be the further areas prone to injury in the lower extremity (Hawkins
and Fuller, 1999; Hawkins et al., 2001; Morgan et al., 2001; Junge et al., 2004a; 2004b; Price
et al., 2004; Le Gall et al., 2006). There is however more demonstrated consistency in the
literature with regard to the type and mechanisms which dominate the injury sites, with
thigh injuries consisting mainly of non-contact muscle strains (Hawkins and Fuller, 1999)
whereas ankle injuries have a greater predication towards ligament strains brought about
by contact (Hawkins and Fuller, 1999). Of all the muscle strains to the thigh there is a

greater level of muscle injury to the posterior thigh and more specifically the hamstring
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muscle group than to the anterior thigh (Hawkins and Fuller, 1999; Hawkins et al., 2001;
Price et al., 2004; Walden et al., 2005; Ekstrand et al., 2011a, 2011b). During a two season
period (1997 — 1999) the single highest figure reported within 91 professional clubs for the
location of an injury was the thigh; 23% of all injuries were reported in this location
(Hawkins et al., 2001). Of these thigh injuries, 81% were muscle strains, and 67% were in
the hamstrings region (Hawkins et al.,, 2001). There is a similar trend for the location of an
injury within soccer youth academies, where 19% of all injuries occurred in the thigh; of
these thigh injuries 79% were classified as strains and 57% of the strains in the thigh were
reported to be in the hamstrings muscle group (Price et al., 2004). It is worth noting that
while contact injuries are very difficult to reduce injury rate for due to the external
application of load to the complex array of risk factors already associated with football

injury, non-contact injuries could be reduced by elements of conditioning.

1.8 Purpose of Functional Movement Screening

With injury incidence having been illustrated to impact on player development (Price et al.,
2004), squad continuity and team performance (Woods et al., 2002) and a significant risk
factor to further injury (Cook et al., 2006; Kiesel et al., 2009) a major goal of the
rehabilitation and S&C professional has been to find methods of predicting athletes who are
at risk of injury before it happens. Traditionally sports rehabilitation assessments have been
focused on objective assessment of individual isolated specific joints and muscles coupled
with sports performance measures and sports specific skills tests (Cook et al., 2006). The use
of such assessment to ascertain an individual’s readiness to perform, while useful, can be
limited for several reasons. Athletes who perform well within a performance test or isolated

movement pattern may do so in an inefficient manner utilising compensatory movement
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patterns in order to complete the task (Cook et al., 2006). The utilisation of compensatory
movement patterns reinforces poor movement quality, in turn leading to poor
biomechanics and efficiency, which leaves the athlete predisposed to potential micro- or
macro-traumatic injury (Cook et al., 2006). In addition to this, previous injury is one
purported explanation for the development of poor movement patterns (Lephart et al.,
1997). Athletes who have suffered an injury may have a decrease in proprioceptive input,
which may in turn result in alterations in mobility, asymmetric influences and stability, in
due course leading to compensatory movement patterns, weakness, tightness or pain away
from the injury site (Bullock-Saxton et al., 1994; Kiesel et al., 2009; Lephart et al., 1997,
Nadler et al, 2002; Neely, 1998) and has recently been termed as ‘regional
interdependence’ (Wainner et al., 2007). These programmed altered movement patterns
lead to further mobility and stability imbalances, which are in themselves identified as risk

factors for injury and therefore leaves the athlete exposed to injury risk (Keisel et al., 2007).

With these above limitations in mind, there has been a shift towards integrating a functional
approach, incorporating the principles of proprioceptive neuromuscular Facilitation, (PNF),
muscle synergy, and motor learning to athlete assessment to improve the accuracy of
identifying at risk athletes (Cook et al., 2006; Minick et al., 2010; Pilsky et al., 2006). A tool
that has been devised to assist this approach is the Functional Movement Screen™ (FMS™)
(Cook et al., 2006) which should be integrated into pre-participation screening to establish
who possesses, or lacks, the essential movements needed to participate in sports activities
with a reduced injury risk. The FMS™ is comprised of 7 fundamental movement patterns
that require a balance of mobility and stability but also include the incorporation of

muscular strength flexibility, range of motion, coordination, balance and proprioception
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(Kiesel et al., 2007; Okada et al., 2011). The 7 movement tests use a variety of positions and
movements closely related to normal developmental growth and it is proposed that the
fundamental movements tested in the FMS™, operate as the basis of more complex
movement patterns used in regular daily and sport activities (Cook et al., 2006; Kiesel et al.,
2007; Minick et al., 2010). The test comprises of the following movement patterns; the deep
squat, the hurdle step, the in-line lunge, the shoulder mobility test, the active straight leg
raise, the trunk stability push-up and the rotary stability test. During the administration of
the test the athlete is required to complete the movement patterns that manipulate their
body in to the extremes of mobility and stability. The movements also require the body to
utilise its kinetic linking system in a proximal to distal sequence that is understood to
produce efficient movement patterns (Okada et al., 2011). Such movement patterns allow
the assessor to observe right and left side imbalances, mobility and stability weaknesses and

compensatory patterns in the kinetic chain (Cook et al., 2006; Keisel et al., 2007).

The ease of administration and scoring of the FMS™ system has led to its increasing use by
rehabilitation and S&C professionals (Kiesel et al., 2007, Minick et al., 2010) to fill the gap
between the isolated movement assessments and assessments of movement patterns
fundamental to sporting success. That said, there is a paucity of research relating to the
FMS™ and this limited primarily to the sport of American football. Kiesel et al. (2007)
conducted analysis over the course of a season relating injuries to pre-season FMS™ scores
and concluded that athletes that scored a total score of <14 out of a possible 21 across the 7
tests were at an 11 fold increase of suffering a serious injury over a competitive season. A
follow up study to this investigation also highlighted that any players that had any instance

of asymmetry within the test were at a 2.3 time greater risk of becoming injured regardless
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of total score (Kiesel et al., 2008). Further to this Keisel et al. (2009) conducted a further
study with American Football athletes in to the effect of an off season S&C programmes
ability to positively affect FMS™ scores. Across the off season programme 52% of players
were observed to take their overall total score above the earlier identified threshold of 14
for high injury risk, in addition to the 11% identified above the threshold prior to training.
An 18% reduction in players demonstrating asymmetries was also observed post the
training intervention. Keisel et al. (2009) also observed a poor overhead squat score had a
high correlation with a poor overall score in the FMS™. Care must be taken however when
applying the data obtained from the above studies in American Football to other sports,
particularly football as utilised in this study. American Football has specific injury locations
that are outside of the data outlined in football above, with high levels of injury occurring to

the head/face, neck, torso and spine, in addition to lower limb injuries (Shankar et al., 2007)

Minick et al. (2010) assessed the interrator reliability of the screen across 2 novice and 2
expert raters, it was noted there was high interrator reliability across novice raters, expert
raters and expert/novice raters. It would therefore appear from the research that the use of
FMS™ is practical both in terms of identifying athletes at risk of injury and identify athletes
that post intervention have increased their likelihood of staying injury free. It is also
reproducible and comparable within and across studies. It is however worth noting that
there are reported limitations to the FMS™. Kritz & Cronin (2008), highlight that no part of
the assessment is directly linked to observation of static standing posture from which
movements are instigated and this may be a fundamental behind all movement patterns.
Frost et al. (2011) highlighted that while the FMS™ had demonstrated effectiveness in injury

prediction, the current scoring system of 0-3 may not have sensitivity to detect changes in
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performance in the test or highlight the cause of the deficiencies in movement. In addition
to this, care must be taken when analysing FMS™ screen to not utilise it as a performance
indicator. No link has been established with poor performance and FMS™ scores, however it
may be correct to suggest that poor movement may limit the athletes own potential to

produce their maximum power outputs (Parchmann & McBride, 2011).

1.9 Rationale for S&C Programme

In light of the research above, and the requirements of the role of an S&C programme in
football, practical considerations and rational for the programme have to be considered in
the design and implementation of the training intervention. Of specific importance when
working with elite performers, such as the subject group in this investigation, the coach’s
goals have to be considered in the planning stages of the programme. Despite the S&C
programme commencing during in-season, the coach highlighted a specific requirement of
the players to undergo hypertrophy for an increase in LBM. This implementation of
hypertrophy training was in order to better facilitate the transition of senior academy
players to senior football. As part of an academy remit is for the preparation of players for
professional sport demands, the coaching team was prepared to forgo the possible impact
of hypertrophy training on performance, in the early stages of the season. Hypertrophy
training can be designed to impact on multiple muscle groups and can also be used as part
of a general preparation phase of training to prepare the body for increased demands in

later cycles, when training becomes more sport specific (Baechle and Earle, 2008)

The impact of this was to incorporate two types of periodisation within one season, a classic
linear programme was followed in the early season to develop hypertrophy characteristics
and basic strength though the prime movers for the sport (Hoffman et al., 1991). This was
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followed by periods of developing strength and power utilising CT (Gamble, 2006), other
models of periodisation for team sports were not used due to the limited training age and

time available for S&C in the subject group.

Despite general and specific conditioning programmes being demonstrated to have positive
influence on injury prevention (Heidt et al., 2000; Young, 2006), the application of specific
exercises to reduce injury risk in the sports should also be applied in a training intervention.
As highlighted earlier, the posterior thigh (hamstring muscle group) is considered the area at
highest risk of injury through non-contact mechanisms in football (Hawkins and Fuller, 1999;
Hawkins et al., 2001; Price et al., 2004; Walden et al., 2005; Ekstrand et al., 2011a, 2011b).
The programme therefore incorporated eccentrically loaded exercises targeted at the
hamstring muscle group (Cleather and Brandon, 2007), these exercises included high load
closed chain hip extension exercises such as the stiff leg deadlift (also known as the
Romanian deadlift) and moderate load eccentric exercises based in rotation around the
knee such as the Nordic hamstring extension (Brandon and Cleather, 2007). Further to this
the knee was also highlighted as a high risk area for non-contact injury in football play
(Hawkins and Fuller, 1999; Hawkins et al., 2001; Morgan et al., 2001; Junge et al., 2004a;
2004b; Price et al., 2004; Le Gall et al., 2006). Gluteal control plays an important role in
tracking of the knee and in absorbing and generating forces in unilateral sports specific
situations such as decelerating, single leg landing and running (Brewer and Pettigrew, 2009).
The inclusion of exercises to improve the motor pattern and recruitment of gluteus
maximus and gluteus medius control particularly in the unilateral movement plane, such as

single leg squats, were therefore incorporated (Brewer and Pettigrew, 2009).
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Further to this the programme was structured to incorporate enhancement of performance,
as previously highlighted the lower limb is the main focus of performance capability, such as
jumping and sprinting and therefore the incorporation of leg concentrated exercises
predominate the programme (Bangsbo et al., 1991; Stolen et al., 2005) and include specific
exercises, for example squats and lunge patterns. It has also been highlighted that the S&C
professional should look to develop throughout the course of the programme Olympic
lifting technique through delivery of ancillary exercises and teaching progressions
(Armitage-Johnson, 1994, Duba et al., 2007). The prioritisation of development of these
exercise techniques for sports that involve high rate of force development, and triple
extension movement patterns such as football, relate to the lifts having high levels of
specificity to sports performance in terms of movement patterns, rate of force
development, incorporation of coordination of triple extensions of the ankle, knee and hip
and the ability to train the elastic properties of the muscle (Hoffman et al., 2004; Brewer,
2006; Waller and Townsend, 2007) and are particularly associated with the development of
power (Waller and Townsend, 2007). Hoffman et al. (2004) observed greater increases in
vertical jump performance and decreases in sprint times utilising Olympic lifts as opposed to

traditional power lifting exercises.
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2. Aims, Objectives and Hypotheses

The aims of this study were:

1. Examine the effect of an in-season gym based S&C programme on performance
measures in elite academy footballers, and the ratio of performance transfer when

related to gym based resistance training performance gains.

2. Examine any relationship present between performance measures and strength

profiles of elite academy footballers.

3. Examine the effect of an in-season gym based S&C programme on screening

measures designed to highlight injury risk in athletic populations.

4. Examine the effect of an in-season gym based S&C programme on injury rates,

location and severity in elite academy footballers.

These aims were delivered by the completing the following objectives: -

1. An in-season gym based S&C programme will be designed, utilising evidence based
research, and implemented to impact on the players performance profile and reduce

injury risk, plus meet the requirements of the club coaching staff.

2. Measures of strength (1RM testing) and performance (5, 15 and 30m sprint, T-Test
and CMJ) will be monitored through the implementation of the above S&C
programme to ascertain if any performance gain has occurred during the

intervention.
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3.

Anthropometric data (height (cm), body mass (kg) and skin fold measurements will
be collected during the implementation of the S&C programme. The data will also be

utilised to calculate body fat % and lean body mass.

Injury incidence, location, type, time-loss duration and player exposure time will be
collected on an individual player basis, to calculate injury rates for the playing group

in the intervention period.

FMS of all players will be tested pre and post the intervention period and used to
examine if an S&C programme can have positive impacts on movement screening

designed to highlight injury risk.

The hypotheses of this study were:

1.

2.

3.

4.

The introduction of an in-season periodised S&C programme will increase players’

strength profiles.

The enhanced gym based strength profiles will translate to positive improvements in

field based performance in sports specific tests.

The introduction of an in-season periodised S&C programme will reduce players’
injury risk and injury occurrence of sports specific injuries.
The introduction of an in-season periodised S&C programme will produce observable

improvement in FMS™ scores and a reduction in asymmetries present in the squad.
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3. Methods

The study comprised of a 26 week S&C intervention within season. Measures of
anthropometrics, FMS, 1RM, sprint times, agility times and CMJ were conducted pre and

post the intervention.

3.1 Participants

Elite football academy players (n=6; age 17.4+0.1 years; height 175.3+6.6 cm; body mass
66.2+5.0 kg) undertook a 26 week (once or twice a week in-season) gym based S&C
programme (see Table 3.1) (total of 39 sessions in the training period) designed to
complement and enhance the players football specific training and match play. The group
consisted of outfield players (4 midfielders and 2 defenders). Despite the academy under 18
squad numbering 16, there was a high attrition rate within the participants due to the
demands of a professional football club working environment. Exclusion criteria were set
that all players had to have completed a minimum of 85% of all prescribed S&C sessions and
complete all pre and post testing measures. Within the squad players were regularly absent
for a number of reasons, including 1* team involvement at matches and training, loan
periods away from the club and being released or resigning from the contracts. All players
had between 4 and 6 year’s elite academy experience. In addition to the S&C intervention
players participated in one or two competitive matches per week during the intervention
(total 31 fixtures), in addition to 6 training sessions per week for a total of 9 hours. The
players training was designed to improve components of game related fitness and technical
and tactical skills. Prior to the intervention players had limited access to a leisure gym for
weight training but had no experience of weight lifting for sports performance or a formal

S&C training programme with qualified coaches. Due to the applied nature of this
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intervention and the elite nature of the subject group, no control group was used for this

study.

The University’s Research Ethics committee approved all procedures. The primary objective
of this consultancy work was applying S&C to their Academy players and assisting in the
monitoring and evaluation of the elite players in under 18 age group. The players are
therefore assent to participating in the training and testing as part of their development
plan set out by the football club and as stipulated in their contract. All players are only
required to attend and participate in testing and sessions of S&C if passed fit by their
physiotherapy and sports science staff at the club. Players are required to complete a daily
health screen and fitness reporting sheet as part of their ongoing monitoring with the
football club. The data within these sheets are monitored and evaluated by the clubs

physiotherapy and sports science departments.

3.2 Training Intervention

The participants undertook a 26 week training programme of gym based weight training for
sports performance. Prior to the commencement of the intervention, all the athletes were
required to undertake a 3 week exercise and technique instruction period and be passed
competent by the S&C coach before being allowed to complete the intervention. The
programme was periodised in to the following blocks of training (see Table 3.1); a 4 week
hypertrophy/muscular endurance mesocyle developing weightlifting technique including
Olympic style lifting technique incorporating standard exercises to develop the snatch and
the clean and jerk techniques (Duba et al., 2007) and compound movements such as squats,
deadlifts and bench press (twice a week at 3 sets of 12 repetitions at 75% of 1RM, 60-90

seconds rest between sets) (see Appendix 1), followed by a 4 week basic strength
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mesocycle (twice a week at 3 sets of 12 repetitions at 85% of 1RM, 90-120 seconds rest
between sets) (see Appendix 2). These periods of training were followed by a 2 week
unloaded phase incorporating club directed active rest, participants were encouraged to
have self led activities including recreational sport and light training away from football and
the weights room. The athletes then completed 2 further mesocycles (one 4 week and one 5
week) of strength and power training (twice a week at 3 sets of 4 repetitions at 85% of
1RM; power exercises at 4 sets of 3 repetitions at 75% of 1RM, 120 seconds rest minimum
between sets) (see Appendix 3), concluding with a 5 week mesocycle of maximum strength
and power (twice a week at 3 sets of 2repetitions at 90-95% of 1RM; power exercises at 3
sets of 3 repetitions at 75% of 1RM, 120 to 300 seconds rest between sets) (see Appendix
4). Players were requested to maintain a lifting tempo of 21x for all non Olympic lifting
based exercises, in which the downward phase of the movement was 2 seconds long,
followed by a one second pause before an explosive upward phase of motion. All phases
were progressively loaded using the 2-for-2 rule (Baechle and Earle, 2008), players were
required to aim for 2 repetitions above their prescribed target during their final set, and if
the player completed the additional repetitions the load was increased in the next training
session. Throughout the S&C programme spotters were used in appropriate exercises and

squad members were encouraged to give verbal encouragement throughout the session.

Training load was monitored by calculating volume load of each session throughout the 26
week period. Volume Load (VL) was calculated by multiplying the number of repetitions
completed by the number of sets completed by the actual resistance lifted (Haff, 2010).

Volume Load (kg) = number of sets x number of repetitions x weight lifted (kg)
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Volume Index (VI) was calculated for each session by dividing the volume load by the body

mass of the athlete (Haff, 2010):

Volume Index = Volume Load (kg)/Body Mass (kg)

VL and VI were then summated for each training week and the total mesocycle.
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Table 3.1: Schematic overview of the 26 week periodised training plan for delivery of S&C to elite academy football players.

Month Nov-09 Dec(g Jan-10 Feb-10 Mar-10 Apr-10

Date Wk/C 0 0o 1 B 0| 0w w8 o 1 8 u 01 08 B n oo o8 B 2 9 05 0 6 %
Wi ) O T O I I I A A I I A I
= Bakane

Testing

Training Phase petErdr | BasicStengh | R Stiergh + Poner | R | Stengh + Power | R | Mt Stengh + Pover
Training Type General PAF AR Spors Speciic | AR| Sports Speciic | AR| Sports Specific
Intensity Moderate High Low High Low High Low V Hgh

Volume High Moderate Low Low Low Low Low V Low

Key — R = Rest, AR = Active Rest, PMFM = Prime Muscles for Movement, 2 = 2 matches during the week
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3.3 Testing Procedures

Subjects underwent a battery of physical and performance measures which were conducted
one week pre and post the intervention. In addition to this anthropometric data and one
repetition maximum data was additionally collected in Week 11. All tests were conducted at
the S&C facility at Coventry University or Coventry City Academy training facility, in the

same order, utilising the same equipment and at the same time of day.

3.3.1 Anthropometrics

Height was measured using a Seca portable stadiometer (GMBH & Co., Hamburg, Germany)
and body mass was recorded using Seca electronic scales (GMBH & Co., Hamburg,

Germany).

Body fat percentage (BF%) was calculated using the sum of four skin folds (Durnin &
Womersley, 1973). Skin folds were measured to the nearest millimetre using Harpenden
skin fold callipers (Baty International, West Sussex, UK) at the bicep, tricep, subscapular and
supra-iliac (see Figure 3.1). Intra-evaluator reliability for skin folds was measured via
Technical Error of Measurement (TEM) with the anthropometrist having a mean TEM of
6.00% for the four skin folds measured and individual TEM of 6.12%, 6.32%, 6.17% and

5.40% for bicep, tricep, subscapular and supra-illiac respectively (Perini et al., 2005).

LBM was calculated:

Body Fat (kg) = Total Body Mass (kg) x (Body Fat %/100)

LBM (kg) = Total Body Mass (kg) - Body Fat (kg)
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This item has been removed due to third party copyright. The unabridged version of the thesis can be viewed at
the Lanchester Library, Coventry University.

Figure 3.1: Four skin fold sites a) bicep, b) tricep, c) subscapular and d) supra-illiac (Marfell-

Jones, 1991)
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3.3.2 Functional Movement Screening

All athletes were assessed through a functional movement screen (FMS™) (Cook et al.,
2006) pre and post the intervention. FMS™ consisted of overhead squat (see Figure 3.2), in-
line lunge (see Figure 3.3), hurdle step (see Figure 3.4), straight leg raise (see Figure 3.5),
rotary stability (see Figure 3.6), trunk stability push up (see Figure 3.7) and shoulder mobility
(see Figure 3.8). All FMS test positions were demonstrated and the athletes were allowed
two practice attempts prior to test. FMS™ was scored a value of 0-3 for each of the seven
tests (total of 21 points). A score of 3 was awarded if the athlete could perform the
movement fully without any pain or limitations in range of motion. Scores were reduced if
the athletes were unable to complete any of the test components or failed to complete the
test in accordance with Cook et al. (2006). Five of the seven tests (in-line lunge, hurdle step,
straight leg raise, rotary stability and shoulder mobility) also identified left/right
asymmetries. Where asymmetries in movement were uncovered the lowest value was
recorded towards the athletes FMS™ total score, and the asymmetry score noted. All tests

pre and post were carried out by a single experienced rater in FMS™.
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Functional Movement Screen : Deep Squat

This item has been removed due to third party copyright. The unabridged version of the thesis can be viewed at
the Lanchester Library, Coventry University.

Figure 3.2: Description of the scoring criteria used for the overhead squat component of the
FMS™ (Minick et al., 2010).

Functional Movement Screen : In-Line Lunge

This item has been removed due to third party copyright. The unabridged version of the thesis can be
viewed at the Lanchester Library, Coventry University.

Figure 3.3: Description of the scoring criteria used for the in-line lunge component of the
FMS™ (Minick et al., 2010).
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Functional Movement Screen : Hurdle Step

This item has been removed due to third party copyright. The unabridged version of the thesis can be
viewed at the Lanchester Library, Coventry University.

Figure 3.4: Description of the scoring criteria used for the hurdle step component of the
FMS™ (Minick et al., 2010).

Functional Movement Screen : Active Straight Leg Raise

This item has been removed due to third party copyright. The unabridged version of the thesis can be
viewed at the Lanchester Library, Coventry University.

Figure 3.5: Description of the scoring criteria used for the active straight leg raise
component of the FMS™ (Minick et al., 2010).
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Functional Movement Screen : Push Up

This item has been removed due to third party copyright. The unabridged version of the thesis can be
viewed at the Lanchester Library, Coventry University.

Figure 3.6: Description of the scoring criteria used for the trunk stability push up component
of the FMS™ (Minick et al., 2010).

Functional Movement Screen : Rotary Stability

This item has been removed due to third party copyright. The unabridged version of the thesis can be
viewed at the Lanchester Library, Coventry University.

Figure 3.7: Description of the scoring criteria used for the rotary stability component of the
FMS™ (Minick et al., 2010).
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Functional Movement Screen : Shoulder Mobility

This item has been removed due to third party copyright. The unabridged version of the thesis can be
viewed at the Lanchester Library, Coventry University.

Figure 3.8: Description of the scoring criteria used for the shoulder mobility component of
the FMS™ (Minick et al., 2010).

3.3.3 One Repetition Maximum Prediction

Maximum strength measures were taken of bench press, back squat and supine row at
three intervals throughout the intervention; one week prior, week 11 and one week post
intervention. Subjects were required to warm up with one set of 15 repetitions of a low
resistance followed by a 60s rest period, followed by 2 further warm up set of
approximately 10 repetitions of a moderate resistance with a 120s rest period after each.
The subject was then given a S&C coach estimated load close to 6 repetition maximum
(6RM) and asked to perform 6 repetitions. If the subject was able to complete the
repetitions, they were allowed 180s rest period before undertaking a further attempt with

an increased load (Baechle and Earle, 2008).

One repetition maximum (1RM) was estimated from 6RM scores using Brzycki (1993) using

the following equation (see Appendix 6):

1RM = Weight Lifted/(1.0278-(0.0278 x number of reps))
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1RM in relation to the athlete’s LBM ratio was then calculated (1RM/LBM) (McBride et al.,

2009b).

3.3.4 Field Based Performance Tests

On a separate day the athletes were then required to undertake field based performance
measures. Tests were completed following the players rest days on the same days of the

week. All measures were undertaken on a 3G indoor football pitch.

Athletes were required to complete three 30m sprints with split times measured at 5m and
15m, 180s rest was given between repetitions. Athletes were then required to perform a T-
Test (see Figure 3.9), each player had 6 attempts and were instructed to alternate between
stepping left or right at the top of the T between each turn and were given 180s rest
between each repetition. A left sided T-Test was classified as one that took you to the left
direction, initially stepping off the right foot and right sided T-Test stepping off the left foot
and moving right at the top of the stem of the T. Performance in the T-Test was analysed for
Dominant Limb (DL) and Non Dominant Limb (NDL). All sprint measurements were taken

using a SmartSpeed timing gate system (Fusion Sport, Queensland, Australia).

10m

\ | <

A

5m 5m

5m

5m

A v A

Start/ Finish Figure 3.9: Schematic of the left side T-Test.
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CMJ was measured using SmartSpeed Jump Matt system (Fusion Sport, Queensland,
Australia). Athletes were given three attempts and the highest value retained. The jump
matt system uses flight time to calculate jump height, as such all athletes were required to
follow a set protocol. Athletes were required to start the jump in an upright position with
hands placed on hips, this was followed by a downward movement to a self selected depth
followed by leg drive in to flight phase, and were required to keep their legs straight during

the flight phase of the jump (Chelly et al., 2009).

CMJ was analysed for PP and AP utilising the following equations (Harman et al., 1991):

PP (W) = 61.9 x jump height (cm) + 36 x body mass (kg) + 1822

AP (W) = 21.3 x jump height (cm) + (23 x body mass (kg)-1393

For the field based tests the athlete’s best score across the attempts was taken as the
performance score. The athletes were habituated to undertaking all of the field based
performance measures having completed similar testing protocols at least twice per year in

the 4-6 years of playing academy football.

3.4 Performance Transfer

Performance transfer is expressed as a ratio of % increase in gym based lower limb
performance (squat 1RM) and % increase in field based performance tests. This was
calculated by dividing the change in the performance test by the change in the squat

performance. A negative ratio would illustrate a decrease in the desired performance.
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3.5 Injury Data

Injury data for the season were monitored and evaluated by the physiotherapist based at
the football club. An injury was defined in accordance with the ‘time-loss’ category as an
injury that occurred during a scheduled training session or match that caused absence from
the next training session or match. A training session was defined as ‘any coach directed
physical activity carried out with the team’ (Hagglund et al., 2005). It would therefore be
appropriate to consider in the calculation of exposure hours and collection of injury data,
sessions such as recovery pool sessions and a strength session in the gym. Data was
collected to include individual player exposure hours (in order to calculate injury rates per
1000 hours of exposure) (Hagglund et al., 2005), contact and non-contact injury, injury
severity by training days lost (slight 1-3 days lost, minor 4-7 days lost, moderate 8-28 days
lost or major <28 days lost) (Hagglund et al., 2005) and if the injury was new or a reinjury
(defined as an injury to the same location and of the same type within two months of the
previous injury) (Hagglund et al., 2005). Injury rate was then calculated per 1000 hours of

exposure using the following equation:

Injury Rate = No. of injuries x 1000/total hours of exposure (training, match or total)

3.6 Data Analysis

Effect size was calculated using Cohen’s d for all pre and post anthropometric measures,
performance measures and 1RM scores (P values for performance test and 1RM scores
available for reference in Appendix 7.7). One way ANOVA (repeated measures)
incorporating Bonferroni post hoc tests adjustment was used to analyse differences

between squad players VL and VI across each training phase. Pre and post FMS scores were
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analysed using Wilcoxon Signed Ranks test. Pearson’s Correlations were used to assess the
degree of relationship between 1RM scores and 1RM/LBM and performance measures. A
probability of P<0.05 was used to determine significance. All data were analysed using SPSS

17.0 statistical analysis software (SPSS inc. Chicago, Ill, USA).
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4. Results

Player adherence to the training programme was high, with a group mean * sd %
attendance of 96 + 6%. Three of the six participants (half of the group) had a 100%

attendance record. The lowest adherence rate was 85% by one player.

4.1 Anthropometrics

Calculation of effect size for anthropometric characteristics showed meaningful change in
mass pre to post (d=0.49), LBM pre to Week 11 (d=0.59) and pre to post (d=0.69) and BF%
pre to Week 11 (d=0.89) and pre to post (d=0.82). Small effect sizes were observed in

relation to height at all time points (d<0.1), BF% week 11 to post (d=0.06) (see Table 4.1).

Table 4.1: Anthropometric data (mean + SD) pre, Week 11 and post intervention.

Height (cm) Mass (kg) Body Fat (%) LBM (kg)
Pre 175.3+6.6 66.2+5.0 125+1.7 57.91+4.2
Week 11 175.5+6.5 67.914.7 11.1+1.2 60.3+3.9
Post 1759+6.1 68.7+5.2 11.2+1.3 61.0+4.6
Overall % 0.3 3.8 10.4 5.4
Change

4.1.1 Anthropometric Analysis of Individual Players

Across the 26 week intervention period 3 players (half the squad) showed increases in
height (see Figure 4.1). Body mass had increased by week 11 in all 6 players however by
post testing body mass had only further increased in 3 players from week 11. 1 player had
maintained body mass from week 11 to post and two players had seen reduction in body
mass from week 11 however had increased body mass from pre testing (see Figure 4.1). All

6 players reduced BF% from pre intervention testing to week 11, 4 players’ further reduced
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BF% from week 11 to post testing, 1 player increased BF% to pre testing levels and 1 player
saw a small increase from week 11 to post intervention testing however with an overall
reduction in BF% from pre testing levels (see Figure 4.2). Further to this all 6 players
increased LBM from pre to post, however half of the squad measured a reduction in LBM

from Week 11 to post testing (see Figure 4.2).
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Figure 4.1: Height (cm) and Body Mass (kg) changes player by player at three points in the 26 week intervention.
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Figure 4.2: Body Fat (%) and LBM (kg) changes player by player at three points in the 26 week intervention.
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4.2 Volume Load and Volume Index

Analysis of data between the 6 players within each training phase for VL and VI using
Mauchly’s test showed assumptions of sphericity had been violated (P<0.05) within all
training phases, therefore degrees of freedom were corrected. Significant differences were
observed between players’ mean VL and VI within Muscular Endurance and Hypertrophy
phase (VL, P<0.001, Greenhouse-Geisser; VI, P<0.001, Huynh-Feldt), Strength and Power
One phase (VL, P<0.01, Greenhouse-Geisser; VI, P<0.01, Greenhouse-Geisser) and Max
Strength and Power phase (VL, P<0.001, Greenhouse-Geisser; VI, P<0.001, Huynh-Feldt). No
significant difference was observed between the mean VL and VI of each player for Basic
Strength phase and Strength and Power Two phase (VL, P>0.05, Greenhouse-Geisser; VI,

P>0.05, Greenhouse-Geisser)

Table 4.2 outlines peak minimum and mean * SD data for VL and VI across each training
phase in the 26 week period. Total weekly VL and VI across all training phases within the 26

week training intervention for individual players are represented in Figure 4.3.
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Table 4.2: Total VL and VI by player and Mean + SD VL and VI within all training phases

Subject Hypertrophy/Muscular Basic Strength Strength and Power | Strength and Power | Max Strength and

Endurance One Two Power

VL (kg) Vi (kg) VL (kg) Vi (kg) VL (kg) Vi (kg) VL (kg) Vi (kg) VL (kg) Vi (kg)
Player1 | 62190 935 32394 487 34926 520 30692 457 21225 282
Player 2 | 80346 1344 46008 769 45149 737 41650 679 28293 390
Player 3 | 82290 1338 56694 922 46735 711 42854 652 29400 386
Player 4 | 94665 1297 65298 894 50678 675 46516 619 33227 381
Player 5 | 90741 1291 61799 879 48875 690 11018 156 29708 375
Player6 | 85764 1296 58555 885 46922 699 32108 479 29221 384
Mean 86031+ 1301+ 57373+ 865+ 47163+ 696+ 35815+ 532+ 29541+ 380+
SD 5594* 38* 6567 54 2283* 26* 13046 197 1995* 10*

*Significant difference observed between players mean VL and VI (P<0.05)
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Figure 4.3: Weekly totals for Volume Load (Bar) and Volume Index (line) (kg) lifted in each

training phase across the 26 week strength and conditioning training programme for each of

the academy squad players.
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4.3 Gym Performance Measures

Large effect sizes were calculated in weight lifted from pre to week 11, week 11 to post and
from pre to post in squat (d=1.67, d=1.71, d=1.84 respectively), bench press (d=1.58, d=1.53,
d=1.78 respectively) and prone row (d=1.78, d=1.71, d=1.86 respectively). In accord large
effect sizes were also calculted in the 1IRM/LBM ratio from pre to week 11, week 11 to post
and from pre to post in squat (d=1.52, d=1.67, d=1.81 respectively), bench press (d=1.73,
d=1.79, d=1.88 respectively) and prone row (d=1.77, d=1.79, d=1.88 respectively) (see Table

4.3).

Table 4.3: Mean + SD 1RM (kg) and 1RM/LBM ratio for gym performance measures in Squat,
Bench Press and Prone Row for Pre, Week 11 and Post training intervention.

Pre Week 11 Post % Change
1RM 67.9+5.6 88.3+7.0 118.8 £9.7 75
Squat
1RM/LBM 1.2+0.1 1.5+0.1 2.0+£0.2 67
1RM 475+6.1 65.4+7.1 86.7 +10.2 82
Bench Press
1RM/LBM 0.8+0.1 1.1+01 1.4+01 75
1RM 404125 55.4+4.0 72.9+5.6 80
Prone Row
1RM/LBM 0.7+0.0 0.9+0.1 1.2+01 71

4.3.1 Gym Performance Measure Analysis of Individual Players

All 6 squad players illustrated improvements in 1RM scores and 1RM/LBM ratios for squat
(see Figure 4.4), bench press (see Figure 4.5) and prone row (see Figure 4.6), from pre to
week 11, week 11 to post and pre to post. Similar trends in increase were observed in all

players.
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Figure 4.5: Bench Press 1RM and 1RM/LBM Ratio changes player by player across the 26 week intervention.
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Figure 4.6: Prone Row 1RM and 1RM/LBM Ratio changes player by player across the 26 week intervention.
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4.4 Performance Measures

4.4.1 CcMJ

Mean = SD CMJ performance improved from 42.7+4.0 to 48.845.6 cm (d=1.10) (see Figure
4.7). Commensurate with this, increases were observed in PP (pre = 68474353, post =
73181484 W; d=1.00) and AP (pre = 10391165, post = 1227+215 W; d=0.91) (see Figure 4.8).

Large effect sizes were observed for CMJ, PP and AP.
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Figure 4.7: Mean % SD counter movement jump heights (cm) pre and post training.
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Figure 4.8: Mean + SD peak power output (W) and average power output (W) from CMJ pre
and post training.
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4.4.2 Sprint Performance

An improvement in sprint performance coupled with a moderate effect size was observed
pre to post in 5m (pre =1.20£0.07, post =1.16+0.06 s; d=0.61), 15m (pre =2.59+0.05, post =

2.5310.14 s; d=0.60) and 30m (pre =4.44+0.08, post =4.39+0.08 s; d=0.52) (see Figure 4.9).
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Figure 4.9: Mean * SD sprint times (s) for 5, 15 and 30 meters pre and post training.

4.4.3 T-Test

T-Test data (see Table 4.4) was assessed between DL and NDL for differences between pre
DL to post DL, pre NDL to post NDL, pre DL to pre NDL and post DL to post NDL. Moderate
effect size was noted between DL and NDL pre intervention (d=0.65), a small effect size was
however observed post intervention between DL and NDL (d=0.37). Pre to post an
improvement in NDL T-Test performance and moderate effect size was observed (d=0.42),
there was not an associated improvement in DL T-Test performance post intervention

(d=0.08)
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Table 4.4: Mean + SD scores for Dominant Limb and Non Dominant Limb in the T-Test

Dominant Limb Non Dominant Limb
Pre 10.48 + 0.40 10.67 £+ 0.16
Post 10.44 + 0.45 10.58 £ 0.29

4.4.4 Performance Measure Analysis of Individual Players

All 6 players produced increases in CMJ height from pre to post (see Figure 4.10) ranging
from 7.3-23.9% (see Table 4.5). Corresponding to this increase in CMJ height all players with

the training programme showed increase in PP (see Figure 4.11) and in AP (see Figure 4.12).
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Figure 4.10: Pre and Post CMJ Height (cm) performance scores player by player across the
26 week intervention.
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Figure 4.11: Pre and Post Peak Power (W) from CMJ performance scores player by player
across the 26 week intervention.
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Figure 4.12: Pre and Post Average Power (W) from CMJ performance scores player by player
across the 26 week intervention.

In relation to sprint performance within the squad of players only 2 of the 6 showed
increases in 5m sprint performance (see Figure 4.12), 4 of the 6 players showed
improvement in 15m sprint performance (see Figure 4.13) and 5 of the 6 players illustrated

improvement in 30m sprint performance (see Figure 4.14).
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Figure 4.13: Pre and Post 5m sprint performance times (s) player by player across the 26
week intervention.
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Figure 4.14: Pre and Post 15m sprint performance times (s) player by player across the 26
week intervention.
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Figure 4.15: Pre and Post 30m sprint performance times (s) player by player across the 26
week intervention.

4.5 Performance Transfer

In relation to performance transfer, mean (+ SD) strength gains in the lower limb 1RM
scores were 74.9 + 2.7% (measured through squat performance), in addition to this a 14.4 +
6.34% increase in CMJ, PP increased by 6.9 + 3.4%, and AP by 18.319.3%. A 3.44 £ 6.77
increase in 5m sprint time, a 2.47 + 4.50% decrease in 15m sprint time and a 0.93 £ 0.94%

decrease in 30m sprint time was also observed post training.

The ratio of performance transfer calculated against the 74.9% increase in squat
performance was 0.19 (CMJ), 0.09 (PP), 0.24 (AP), 0.05 (5m sprint), 0.03 (15m sprint) and

0.01 (30m sprint).

No significant correlations were observed for % change in performance measures over the
three sprint split times and CMJ in relation to % changes in lower limb 1RM score or lower
limb 1RM/LBM or absolute changes in performance measure over the three split times and

the absolute changes in 1RM score or lower limb 1RM/LBM (P>0.05).
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4.5.1 Performance Transfer Analysis of Individual Players

Table 4.5 illustrates player by player analysis of % change in performance pre to post across
all performance measures and the performance transfer ratio related to improvements in
lower limb function (through 1RM squat performance). Only 1 player exhibited positive
improvements and positive performance transfer across all measures. The lowest level of
performance transfer appeared to occur within 5 m sprint performance, with poor levels of

performance transfer being observed by all players in all the sprint tests distances.
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Table 4.5: Percentage change and performance transfer ratio for all players across the field based performance measures related to

percentage of improvement in lower limb strength gains.

Test Squat cMmJ PP AP 5m 15m 30m
Plaver % Transfer | % Transfer | % Transfer | % Transfer | % Transfer | % Transfer | % Transfer
4 Change | Ratio Change | Ratio Change | Ratio Change | Ratio Change | Ratio Change | Ratio Change | Ratio
P1 73.9 - 7.3 0.10 3.0 0.04 7.5 0.10 -2.6 0.04 0.4 -0.01 -0.7 0.01
P2 75.9 - 8.5 0.11 3.7 0.05 7.9 0.10 -5.0 0.07 -2.7 0.04 -2.3 0.03
P3 77.8 - 16.7 0.22 6.0 0.08 15.3 0.20 12.5 -0.16 -11.4 0.15 -1.8 0.02
P4 72.4 - 23.9 0.33 11.8 0.18 27.8 0.38 9.6 -0.13 -0.8 0.01 -0.2 0.00
P5 77.8 - 18.2 0.23 9.1 0.12 26.5 0.34 3.6 -0.05 -0.8 0.01 0.2 0.00
P6 71.4 - 11.9 0.17 7.5 0.11 24.7 0.35 2.4 -0.03 04 -0.01 -0.9 0.01
Mean | 74.9 14.4 0.2 6.9 0.1 18.3 0.2 3.4 0.0 -2.5 0.0 -1.0 0.0
SD 2.7 6.3 0.1 3.3 0.1 9.3 0.1 6.8 0.1 4.5 0.1 0.9 0.0
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4.6 Functional Movement Screening

Mean total scores increased from pre (13.8 + 1.2) to post (17.5 + 0.9, P<0.05, 17.6%
increase). Significant differences pre and post were observed in overhead squat, in-line
lunge and trunk stability push up (P<0.05). No significant differences were observed for

straight leg raise, rotary stability and shoulder mobility (P>0.05) (see Table 4.6).

Table 4.6: Mean = SD and % Change of Pre and Post FMS™ scores

Overhead | In-Line | Hurdle Straight Rotary Trun.k. Shoulder

Squat Lunge | Ste Leg stability | S22 | pobility | 1O

9 g P Raise ¥ Push Up ¥
Pre 2.140.2 1.8+0.6 | 2.3+0.4 | 2.0+0.6 | 1.5+0.6 | 2.3+0.4 | 1.9+0.5 13.8+1.2
Post 2.810.3 2.5£0.5 | 2.8+0.3 | 2.2+0.4 | 2.0£0.0 | 2.8+0.3 | 2.4+04 17.5£0.9
% Change 23.3* 23.3* 16.7 6.7 16.7 16.7* 16.7 17.6*
Responders | 5 5 4 1 3 5 3 6

*Statistically Significant p<0.05

Across the 5 tests that measure asymmetries in movement there were a 40% instance of
asymmetries within the squad prior to the intervention, when upper body asymmetry was
removed there was a 30% occurrence of asymmetry within the squad. Post the 26 week
programme a 10% asymmetry occurrence rate was observed and an 8% occurrence rate
when upper body asymmetries were removed. Despite asymmetries being observed in
absolute scores on the FMS™ no significant difference was observed between the non
dominant and dominant side of each test pre or post the intervention (P>0.05). Significant
differences however were observed pre to post between scores in the non dominant side
in-line lunge and dominant side in-line lunge (P<0.05). Table 4.7 outlines the instances of

asymmetry per test pre and post the training period.
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Table 4.7: Number of instance of asymmetry per FMS™ test pre and post the training
intervention

Number of Asymmetries
FMS Test Pre Post
In-Line Lunge 2 0
Hurdle Step 3 0
Active Straight Leg Raise 1 1
Rotary stability 2 0
Shoulder Mobility 4 1
4.7 Injury

4.7.1 Exposure to Injury Risk

Table 4.8 outlines individual and mean + SD player exposure to match play and training in
minutes and the percentage of exposure against total exposure time available over the
intervention period from playing and training. Total exposure hours for the players 1226.6
hours, 1063.5 hours exposure were related to training and 164.2 hours exposure related to

match play.

4.7.2 Injury Incidence and Severity

During the 26 week training period within the playing group there were two instances of
time-loss, non-contact, lower limb injury, both with a severity rating of slight, resulting in 3
training days lost and no missed matches (see table 4.8). One injury was a groin strain and
categorised as acute, the other injury was inflammation to the Achilles tendon and classed

as over use. When related to exposure, injury rate was calculated at 0.94 per 1000 hours of
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training exposure, estimated at 6.1 per 1000 hours of match play exposure and 1.6 per 1000
hours of total exposure. 1 injury occurred during training and one injury occurred during a

match, neither injury was classified as a reinjury.
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Table 4.8: individual and mean * SD player exposure in minutes, percentage of exposure against total exposure time available and injury
occurrence and days lost through injury over the 26 week intervention period.

No of | Total Training No of | Total % of | Total Injury Days Lost
Sessions Minutes Attendance | Games Minutes Potential Minutes Instance Through
Trained Trained % Played Played Playing Exposure Injury
Time

Player 1 141 11520 99 19.9 1788 69 13308 0 0

Player 2 104 8220 73 10.2 915 35 9135 0 0

Player 3 141 11520 99 19.1 1720 66 13240 1 1

Player 4 140 11790 98 22.5 2027 78 13817 0 0

Player 5 115 9360 81 21.4 1928 74 11288 1 2

Player 6 139 11400 98 16.4 1474 56 12874 0 0

Mean 130 10635 91 18.2 1642 63 12277 0.3 0.5

SD 16 1479 11 4.5 404 15 1765 1 1
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4.8 Results Summary

Positive improvements were observed across all the players for gym performance measures.
All players also showed increases in LBM and reductions in BF% from pre to post across the
intervention period. In addition to this, a positive performance increase was also observed
in CMJ performance and the associated variables of PP and AP. A moderate improvement in
5m, 15m and 30m sprint times were shown following the intervention. In addition to this a
moderate effect size was observed pre to post for improvement in T-Test scores for NDL and
a reduction in asymmetry of scores from DL to NDL was observed post intervention. Despite
large positive gains in the strength profiles of the athletes performance transfer to tests of
CMJ and sprint times were of a lower magnitude with complex movement patterns showing
less performance transfer. Positive improvement was observed in FMS scores and a
reduction in the instances in asymmetries observed across the players. Low rates of injury

were also reported in the playing group during the 26 week intervention period.
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5. Discussion

The aim of the study was to ascertain the effect of an in-season S&C programme on multiple
facets of performance enhancement in elite academy footballers. The qualities to be
enhanced incorporated strength, power and lean body mass gains. The impact of those
strength gains on performance measures related to football, as well as the impact on injury

parameters such as reducing injury rates and improving players’ movement quality.

5.1 Anthropometric Variables

Anthropometric data (see Table 4.1) for the subject group, shows a similar mean height (pre
175.3 £ 6.6cm, post 175.9 + 6.1cm) when compared to age matched elite academy players
with a mean range of 175-179cm (Leatt et al., 1987; MacMillan et al., 2005; Stlglen et al.,
2005). Mean body mass in elite U18 academy players has been observed at 69-71 kg (Leatt
et al., 1987; MacMillan et al., 2005; Stlglen et al., 2005), the body mass of the athlete group
pre-intervention was 66.2 * 5.0kg. This supports the coach’s decision to prioritise
hypertrophy training in the early stages of the season, despite its potential for negative
impact on performance from fatigue due to the high VL (see Table 4.2/Figure 4.3). Post
intervention body mass was observed as 68.7 t 5.2kg, this was coupled with a increase in
LBM from 57.9 + 4.2kg to 61.0 £ 4.6kg post intervention. The greatest magnitude of increase
in LBM was observed at week 11 testing after the preceding mesocycle aimed at developing
hypertrophy. No difference was observed in LBM from week 11 testing to post intervention
testing, although an increase in LBM for the group was observed and a moderate effect size
was reported pre to post for the intervention illustrating gains in the early phase of the
season were maintained. While gains in LBM were not expected in players outside of the

hypertrophy phase of training, 3 players demonstrated LBM gains during this period of the
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intervention however 2 of the 3 players showing increases in LBM during the post week 11
training also increased in height and therefore changes in LBM needed to be treated
cautiously when related to a training stimulus (see Figure 4.1). 3 of the players showed small
decreases in LBM from week 11 to post intervention (see Figure 4.2). The reduction in LBM
could be attributed to detraining effect observed in other studies (Dos Remedios et al.,
1995; Fleck and Kraemer, 1997; Schneider et al., 1998; Baker, 2001), who showed
reductions in strength and power over 13-16 weeks, one of the proposed mechanisms for
the reduction in strength and power outputs was a decrease in training volume, removing
the stimulus for hypertrophic adaptation and an increase in energy system training which

has been proposed to have catabolic nature (Chadd, 2010).

BF% decreased from pre intervention (12.5+1.7%) to week 11 (11.1+1.2%) and pre to post
observed through large reported effect sizes. No difference was observed from week 11 to
post intervention in BF%. BF% in-season in professional players of 8.6-11.5% has been
observed (Casajus, 2001; Ostojic, 2003; Silvestre et al., 2006; Carling and Orhant, 2010). It
would therefore appear that in early season, BF% reduced in line with results observed in
other studies (Casajus, 2001; Ostojic, 2003), and BF% remained unchanged from week 11 to
post intervention as observed in Kraemer et al. (2004), Silvestre et al. (2006) and Magal et
al. (2009). An underlying reason for this variation may be due to the athletes’ pre-season
preparations prior to commencement of the S&C programme. The BF% of 12.5% measured
is high when compared to the in-season BF% illustrated above, but is in-line with BF%
observed by Ostojic (2003) in elite football players prior to commencement of pre-season
training. The improvement of parameters of performance throughout in-season has been

suggested to be based in low levels of fitness at the end of pre-season (Casajus, 2001; Magal
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et al., 2009) and therefore this may highlight a limited focus of pre-season work on body
composition improvements. Individual analysis of players (see Figure 4.2) illustrates one
player, showing a pattern of reduction in early season BF% and an increase in BF% in the
later stages of a season observed by Carling and Orhant (2010), it was proposed that this
finding could be explained by the tuning down of training intensity toward the end of the
season, leading to a falling off in fitness measures. That this pattern was only observed in
one player and as no difference was observed in overall playing and training time between
players, it would appear other factors may contribute to this trend. Positional differences
have been shown to impact workload, with midfield players covering more distance in a
match than other players (Stlglen et al., 2005), contributing to positional differences in BF%
response to in-season demands of football. No means of monitoring actual workload, for
football based activities, such as GPS, was employed in this study, however a relationship
may exist between this and athletes response to in-season demands. In addition to this, no
record of player’s calorie intake throughout the intervention period was taken and player
diet was not controlled by a nutritionist, this could have a direct impact on the BF%

response of team members to in-season demands.

5.2 Volume Load and Volume Index

Training volume (sets x repetitions) for the intervention period was prescribed. However the
VL and subsequent VI were impacted upon by the amount of load per repetition each of the
subject group could lift, which was related to the individual’s strength profile. Significant
differences were observed between players’ mean weekly VL and VI in the Muscular
Endurance/Hypertrophy, Strength and Power One and Max Strength and Power phases of

the training programme. In all 3 training phases that illustrated significant differences in VL
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and VI a new training pattern of sets and repetitions was introduced to the athletes. The
training phases that replicated set and repetitions prescriptions of the immediately
preceding phase however did not show significant differences between the athletes. This
pattern would suggest that some players within the subject group responded more

positively to variations in training load than other members of the group.

The ability to tolerate changes in training volume, has been shown in more advanced
athletes and allows for the administration of more complex methods of periodisation such
as CSS (Plisk and Stone, 2003). While the performers in this study had no formal background
in S&C training, it is recognised by the investigator that some of the subjects displayed
techniques and body characteristics of recreational gym use based on aesthetic
improvement. The muscles ability to generate force is dependent on many different factors
of which the most common are initial position, speed of lengthening, speed of shortening,
eccentric initial phase, types of muscle fibres, number of motor units active at the same
time, cross sectional area of the muscle, impulse frequency and substrate available for
exercising muscles (Behm and Sale, 1993). The athletes with a background in recreational
gym work would possess improvements in many of the neural aspects illustrated above and
have greater levels of motor control patterns and coordination in movement, which novice
athletes do not possess during the initial neural training phase at onset of resistance training

(Fleck, 1999; Baechle and Earle, 2008).

While no studies to the author’s knowledge have published detailed VL and VI related to
subject performance in a training intervention, there is a substantial agreement with Chadd

(2010) that it provides greater insight to the progression and loading involved in applied
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interventions than demonstrated by the recording of just sets and reps completed in a

programme.

5.3 Performance Measures and Performance Transfer

5.3.1 Resistance Training Performance

Large effect sizes were observed for pre to post for improvements in 1RM and 1RM/LBM
measures squat, bench press and prone row (see Table 4.3). Due to the high levels of
performance in football relating to lower limb action, the focus for subsequent discussion
shall focus on performance in relation to the squat exercise. All players observed gains in
squat performance of over 70% (see Table 4.5), with a mean squat performance increase of
74.9+2.7%. Post intervention squat values (118.849.7kg) were observed in the range for
elite youth team football players of 105-142kg (MacMillan et al., 2005; Chelly et al., 2009)
and at the lower end of the range (115-209kg) observed for senior professionals (Hoff and

Helgerud, 2002; White et al., 1988; Wislgff et al., 1998; Ronnestad et al., 2008).

The magnitude of increase seen in squat improvement is considerably higher than observed
in other training studies of between 21-34% (Hoff and Helgerud, 2002; Helgerud et al., 2002;
Ronnestad et al., 2008; Chelly et al., 2009). A number of reasons may contribute to the
discrepancy seen between the current study and previous research. The above studies were
all undertaken over a 7-8 week training period, as opposed to the 26 week training period
and therefore the magnitude of improvement would be anticipated to be greater in the
current study. In addition to this, the athletes experience in relation to the exercise may
impact upon pre intervention 1RM measurements. Helgerud et al. (2002) and Chelly et al.
(2009) observed the largest increases in squat performance (34 and 26% respectively) of the

studies above and used athletes with no experience of squatting. As discussed earlier, at the
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onset of an exercise programme, rapid increases in loads lifted are due to positive
adaptation at a neural level as opposed to true gains in strength. These increased gains in
performance, lend strength to the argument for use of increasing loads using methods such
as the 2-for-2 rule (Baechle and Earle, 2008), with the athlete able to regulate load increases
without having to wait for further testing of 1RM, which is difficult in the time constraints of
a professional sport environment. If novice performers are subject to higher rate increases
in load lifted due to the onset of training, it is highly likely that with novice S&C athletes,
such as the ones used in this study, that pre test measures are not a true reflection of the
athlete’s strength and therefore would overestimate the magnitude of change in
performance post testing. The use of multiple repetition testing and prediction of 1RM
scores from prediction equations is seen as one method to combat this, as well as reduce
injury risk (Baechle and Earle, 2008) and has been demonstrated to have high reliability
(LeSeur et al., 1997). Additional methods of testing 1RM could be utilised to ascertain actual
strength values, these would include a leg press machine or isokinetic testing, however the
leg press removes the stabilisation of the body through the range of motion and control of
the weight against gravity, much in the way seen with Smith machines and therefore lacks
functionality as seen with isokinetic testing (Cotterman et al., 2005; Stlglen et al., 2005).
Thorstensson et al. (1976) (cited in Hoff and Helgerud, 2004), observed significant
improvement in 1RM squat and maximal static strength, with no improvement represented
in isokinetic knee extension, and therefore isokinetic measures may have narrow interest
for use in predicting strength values for dynamic sport (Hoff and Helgerud, 2004). It is
therefore clear that a trade off is required in the delivery of applied S&C when determining
the mode of testing for strength and an understanding of the limitations and potential for

measurement error is considered when interpreting results. The use of free weights through
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standardised movement patterns such as the squat will more accurately reflect the
functional strength of the athlete (Wislgff et al., 1998; Hoff and Helgerud, 2004) and the
availability of the required equipment makes it a preferred method for athlete assessment

in an applied setting.

In relation to 1RM/LBM a ratio of 2.0 is considered a base standard for squat performance
for professional football players (Hoff and Helgerud, 2004). Post intervention two of the
players did not reach this parameter; one of the players had the greatest height and mass of
the subject group, Hoff and Helgerud (2004) propose that the use of allometric scaling
should be implemented when setting resistance training goals in relation to body mass of

the players as larger individuals will be at a greater disadvantage than smaller individuals.

5.3.2 Performance Measures

It is considered important when measuring athletic performance that reliable measures are
utilised to ensure reproducible test, with low variability in results, which enable accurate
tracking of performance changes (Hopkins et al., 2001). Although no scope was available to
undertake reliability studies in the performance measures utilised with this athletic
population, the literature does support high levels of reliability in these tests with the
current subject group. Hopkins et al. (2001) have reported coefficient of variation (CV) of
approximately 0.9% for sprint running and CV for 10m and 20m sprint testing in male
professional soccer players being measured and 2.3 and 1.2% respectively (Mirkov et al.,
2008). Similar findings have been reported for CMJ measurement with CV of ~2.% (Hopkins
et al., 2001; Jensen et al., 2011). In addition to this additional factors have been cited in
decreasing variability of test-retest performance. The higher the training status of the

athlete decreases the variability of results between tests and therefore increases the
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reliability of the measure, possibly due to the frequent exposure to competition, training
and testing of a similar nature (Hopkins et al., 2001). Allowing athletes multiple attempts at
a test and the sensitivity of the equipment, for example the use of timing gates over
stopwatch for sprint time measurement, has also been suggested to reduce the CV between
trials (Hopkins et al., 2001; Sporis et al., 2010). In light of the above, with the current subject
group being highly trained, regularly exposed to systematic testing, having multiple
attempts at each test in a session and the use of timing gates and jump mats for recording

of data it can be considered that a high level of reliability is present in the current data.

All players demonstrated an improvement in CMJ and a commensurate improvement in PP
and AP (see Table 4.5); mean improvement for the group in CMJ was 14.4% (42.7£4.0 to
48.815.6cm). Mean CMJ height for the players was in-line with CMJ heights of 34-54cm
observed in other studies involving elite youth players (Leatt et al., 1987; Garganta et al.,
1992; MacMillan et al., 2005; Chelly et al., 2009; Buchheit et al., 2010). The magnitude of
improvement was however considerably greater than observed in other studies of between
5-9% (Hoff and Helgerud, 2002; Helgerud et al., 2002; Ronnestad et al., 2008; Chelly et al.,
2009). This is not unexpected however as the above improvements in squat performance

and duration of the training intervention far outweigh those in these studies.

Meaningful change, illustrated by moderate effect size improvements in sprint performance
was in 5m, 15m and 30m sprint (see Figure 4.9). This is consistent with other studies that
have seen a 1-3% improvement in sprint performance (Hoff and Helgerud, 2002; Helgerud
et al., 2002; Ronnestad et al., 2008; Chelly et al., 2009) following strength training
interventions, however all these were conducted during pre season training periods. When

considering the possible implications for this outcome, multiple factors need to be assessed
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including performance transfer and seasonal variations in performance measures as

outlined below.

Moderate effect sizes were also reported for improvements in NDL T-Test performance,
coupled with no improvement in DL performance. There was however observed a reduction
in the asymmetry of performance between NDL and DL at post testing. With asymmetry
being an associated risk factor for injury (Keisel et al., 2008) this reduction in performance
decrement between DL and NDL maybe an important improvement in performance through

the season in reducing players injury risk.

5.3.3 Performance Transfer

Young (2006) proposed that transfer could be expressed as gain in performance/gain in
trained exercise, giving a ratio of performance transfer. As the figure presented approaches
1.0 the magnitude of transfer could be suggested to be greater, with an ideal performance
transfer measure being 1.0. To the investigators knowledge no other author has presented
actual data on performance transfer using Young’s equation for comparison. However
calculation from data presented in the above mention training studies in football players
would show performance transfer ratios of 0.08-0.2 for 10m sprints (Hoff and Helgerud,
2002; Helgerud et al., 2002; Ronnestad et al., 2008), 0.06 for 20m sprints (Helgerud et al.,
2002), 0.05 for 40m sprints (Ronnestad et al., 2008) and 0.15-0.35 for CMJ (Helgerud et al.,
2002; Ronnestad et al., 2008; Chelly et al., 2009). Only performance transfer for CMJ in the
present study falls within a range observed in the above studies, no other detailed data in
relation to football could be found to ascertain performance transfer ratio for 5, 15 and 30m
sprints. It would be reasonable to suggest that for 10m and 40m performance transfer ratios

are all above 0.05, a similar pattern would be expected at other distances within that range
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and are greater than the highest presented here of 0.03 in a 15m sprint. It is clear from the
above data that all studies, including this one, illustrated a greater overall % increase in
performance and subsequently an overall better ratio of transfer to performance in CMJ
than any of the sprint measures. In strength training studies, it has been observed that
measured increases in strength are dependent on the similarities between the training and
testing exercise, due to the specificity of neuromuscular learning and coordination and
reaction to speed of contraction stimulus (Almasbakk and Hoff, 1996; Stlglen et al., 2005).
With CMJ directly incorporating movement patterns associated with the performance of a
squat and portions of the Olympic lifting techniques employed consistently throughout the
training intervention, high levels of specificity are therefore present and it is not surprising

greatest level of transfer is therefore seen in this test of performance.

No specific sprint training was imposed during the course of the S&C training programme,
despite the use of lunge patterns and single leg work which may have been expected to
improve the exercise specificity and subsequently improved the possibility of transfer.
However sprinting performance is a complex movement pattern involving unilateral
contraction of hip flexors to propel motion (Young, 2006) and a more integrated approach

may be required to enhance performance transfer in athletes.

Therefore it can be seen from the above that the magnitude of performance transfer seen in
this study and percentage improvements has been less than those seen in other studies. As
all other studies have been conducted in off-season or pre-season, the effect of in-season
competition and training schedules and measure of performance must be examined in
relation to the current study. It is clear from current research that consistent match play and

training brought about by in-season schedules has negative impact on strength profiles of
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players, sometimes even when coupled with resistance programmes aimed at maintenance
(Dos Remedios et al., 1995; Fleck and Kraemer, 1997; Schneider et al., 1998; Legg and
Burnham, 1999; Baker, 2001). Mechanisms for this include a reduction in LBM, as observed
here and covered above, through removal of training stimulus for muscular hypertrophy and
the catabolic nature of football match play and energy system training (Chadd, 2010).
Monitoring of limb girths throughout the season may offer more in depth analysis relating

to this as a proposed function for strength loss.

Previous studies have shown reductions in sprint and CMJ performance in football players
over the course of a season (Kraemer et al., 2004; Cladwell and Peters, 2009). The current
data set did not support this trend, and with improvement being observed in sprint
performance, the application of strength training may have maintained performance levels
despite in-season demands on athletes. This is consistent with other studies utilising S&C
throughout the season with no change in sprint performance and vertical jump (Casjus,

2001; Silvestre et al., 2006).

No improvement in vertical jump that has been seen in the current literature. Despite in-
season demands we have observed significant improvements in vertical jump performance,
this may be attributable to the application of Olympic lifting techniques and derivatives of
these lifts consistently throughout the 26 week intervention, the movement patterns and
rate of force development in these lifts have high levels of specificity to jumping movement
patterns and has been observed to illicit greater improvements in vertical jump

performance than traditional power lifting exercises (Hoffman et al., 2004).

Playing proximity to testing may also have had an impact on post intervention performance

tests, despite monthly minutes being calculated for exposure, no record of the distribution
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of those minutes in relation to subsequent testing was monitored, therefore players with a
full 90 minutes performance immediately preceding post intervention testing may have a
negative impact on performance measures. A full 96 to 120 hours of rest was hypothesised
as necessary to return pre-match performance levels in 20m sprint and vertical jump
performance (Andersson et al., 2008; Ispirlidis et al., 2008). While all players were in this
window of recovery during post testing, player’s individual response to recovery should be
monitored and taken in to account to reduce the impacts of match and training fatigue on
performance measures and ultimately it has been recommended to wait until all residual
fatigue associated with training programmes has subsided before post test evaluation
(Svensson and Drust, 2005). While the author accepts this, the applied nature of the
intervention meant that almost immediately after the close of season, players are released
from day to day commitments at football club and therefore only a small window of
opportunity for retesting is available. It would appear in this situation, best practice would
be to maintain as much consistency as possible with regard to training, playing and rest

conditions at each scheduled battery of tests.

It is clear from the above that performance transfer from gym based gains to performance
gains in football related performance measures are multi-factorial, and dependant on S&C
experience of the athletes, time of training stimulus in relation to other sporting demands
and the nature and quality of the periodised plan and specificity of the exercise selection.
These parameters should be considered in the design and implementation of an S&C
programme, particularly if over extended seasons, small gains in performance are required

rather than simply maintenance of pre-season performance levels.
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5.4 Injury

It is acknowledged by the author that caution should be observed when interpreting the

following data set relating to injury due to the size of the subject group.

5.4.1 Injury Incidence, Severity and Location

Injury rates for the current study were calculated at 0.94 per 1000 hours of training
exposure, 6.1 per 1000 hours of match exposure and 1.6 per 1000 hours of total exposure.
Injuries amongst senior male professional soccer players across a season have been
estimated to range between 27 and 35 per 1000 match hours (Hawkins and Fuller 1999;
Morgan et al., 2001; Walden et al., 2005). Senior academy age group level (U17 and U18
combined), as used in this study, injury rates appear to mirror levels of those shown in
senior male footballers, with a range being demonstrated per 1000 match hours of 27.9-
37.2 (Hawkins and Fuller, 1999; Junge et al., 2004a; Junge et al., 2004c; Hagglund et al.,
2009). The current study demonstrates substantially lower injury rates for match play than
those observed in the above studies. Further to this injury rates per 1000 training hours are
also substantially less than those reported by other investigators of 2.9-5.8 during in-season
(Hawkins and Fuller, 1999; Morgan et al., 2001; Walden et al., 2005; Hagglund et al., 2009;
Dupont et al., 2010; Dvorak et al., 2011). These figures are again mirrored in senior academy
level football with injury rates per 1000 training hours to be 3.9-4.1 (Hawkins and Fuller,
1999; Le Gall et al., 2006). Injury rate expressed against total exposure was also observed to
be substantially less in the current study than observed in previous research. Injury rates per
1000 hours of exposure have been observed between 8.5-9.4 per 1000 hours of exposure
for senior players and the senior academy age group (Hawkins and Fuller, 1999; Walden et

al., 2005; Dupont et al., 2010).
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S&C training has shown reduction in injury rates in other studies in football (Heidt et al.,
2000) and American Football (Keisel et al., 2007; Keisel et al., 2008). Heidt et al. (2000),
observed significant reductions in injury rates following a 7 week S&C programme in 14-18
year old female football players, while it is appreciated that injury mechanism and
associated risk factors for female football players are different to male football players due
to the variation in joint laxity and anterior cruciate ligament geometry between male and
female athletes (Quatman et al, 2008). It would therefore appear that S&C training
specifically designed to incorporate key exercises for a reduction in injury risk has a positive

effect on injury reduction and may have contributed to the low injury rate seen in this study.

A number of considerations need to be taken in to account when examining the injury data
in the current study, however when comparing it to other studies undertaken. The
definition of a ‘time-loss’ injury was implemented in the current study as opposed to other
available definitions, such as a ‘medical attention’ definition, for reasons outlined in the
introduction. In further defining ‘time-loss’, the current study utilised a definition of ‘players
missing next training session or match’, reported elsewhere (Nielsen and Yde, 1989;
Hawkins and Fuller, 1999; Walden et al., 2005; Hagglund et al., 2009; Dupont et al., 2010).
Numerous reports in age groups football have however utilised the definitions of ‘missing
training or matches for 24 hours following the injury occurrence’ (Drawer and Fuller, 2002;
Froholdt et al., 2009), ‘48 hours following the injury occurrence’ (Hawkins et al., 2001; Price
et al., 2004; Le Gall et al., 2006) ‘or one week after the injury occurrence’ (Junge et al.,
2000). The justification for use of these definitions, in age group football, is that the players
do not play or train every day as seen in professional senior players. In the current study

however, as with most elite senior academy teams, the players do train every day, and on
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most days multiple times. In this context it would appear that utilising definitions used
elsewhere in age group football would not be a true reflection of injury rate within this
squad, in fact neither injury recorded during the intervention periods would have been
reported utilising a 48 hour or one week time-loss definition. Further to this the current
investigation utilised actual exposure time for players, recording actual player minutes in
matches and training in-line with other research in this area (Walden et al., 2005; Parry and
Drust, 2006; Dupont, 2010; Ekstrand et al., 2011a). Studies that have utilised estimations of
exposure time and not included overtime periods (Hawkins and Fuller, 1999; Morgan et al.,
2001; Junge et al., 2004a, 2004b; 2004c; Froholdt, et al., 2009; Junge and Dvorak, 2010;
Dvorak et al., 2011; Ekstrand et al., 2011b) have potential to over and underestimate
exposure time and subsequently have an impact on the reported injury rate. The method of
counting ‘athlete-exposures’ for calculating injury rate (Junge et al., 2004a; Junge et al.,
2006; Yard et al., 2008), also has a major limitation in that the role of fatigue has been
documented as a risk factor for injury in football (Hawkins and Fuller 1999; Hawkins et al.,
2001; Junge et al., 2004, Yoon et al., 2004; Woods et al., 2004; Ekstrand et al., 2011), with
more injuries being be reported at the end of each half and later in a game an athlete’s
duration of involvement has a potentially crucial bearing on the calculation of the injury risk
in the sport. The presentation of data relating to match, training and total exposure is
considered the preferable method of analysis for sport injury risk (Hawkins and Fuller, 1999;
Junge et al., 2006; Le Gall et al., 2006; Froholdt et al., 2009; Hagglund et al., 2009; Dupont,
2010; Ekstrand et al., 2011a, 2011b) as clear differences lie within the risk of exposure for
training and match play. The higher incidence of injury reported in the literature for match

play in relation to training is supported by the current investigation.
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Other than the limitation of the small subject group acknowledged above, the duration of
the collection period in the current study needs to be examined when relating its findings to
the existing literature. Only Froholdt et al. (2009) have reported data on injury rates that do
not coincide with a full season or whole competitions play. There are potential implications
in terms of calculating injury rate from only part season data, depending on the portion of
the season included in the sample. Injury rates for training have been observed as higher
during pre-season as opposed to in-season (Hawkins and Fuller, 1999, Hawkins et al., 2001;
Price et al., 2004), with potential reasons for this being a greater density, volume and
intensity of training being conducted in this period as opposed to tactical game play, and
high levels of competition for starting places during this period. The current study did not
incorporate pre-season in its data collection period and therefore could underestimate the

injury incidence rate for training.

All injuries recorded in this study were in the lower extremity. Lower extremity injury has
been illustrated to dominate football injury due to the nature and demands of the sport
(Schmidt-Olsen et al., 1985; Hawkins and Fuller, 1999; Hawkins et al., 2001; Morgan et al.,
2001; Junge et al., 2004a, 2004b, 2004c; Price et al., 2004; Walden et al., 2005; Wong and
Hong, 2005; Le Gall et al., 2006; Dvorak et al., 2007; Froholdt et al., 2009; Dvorak et al.,
2011, Ekstrand et al., 2011a, 2011b) and this result was therefore in-line with previous
literature. All of the injuries were classed as slight and therefore had a time-loss of <3 days
and were non-contact injuries. While slight injuries were anticipated to dominate the injury
incidences in this study based on current literature (Hawkins and Fuller, 1999; Hawkins et
al., 2001; Morgan et al., 2001; Hagglund et al., 2005; Le Gall et al., 2006; Dvorak et al., 2007;

Froholdt et al., 2009; Hagglund et al., 2009; Dvorak et al., 2011) with up to 78% of injuries
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resulting in time-loss of <7days. However to have no injuries in the playing group with
consistent exposure time of minor, moderate or major, was unexpected. A number of
reasons may be proposed for this. Many of the injuries with higher classifications of severity
were highlighted as contact or muscle rupture (Hawkins and Fuller, 1999; Hawkins et al.,
2001). With regard to muscle rupture the dominant location was observed in the hamstring
muscle group (Hawkins and Fuller, 1999; Hawkins et al., 2001; Price et al., 2004; Walden et
al., 2005; Ekstrand et al., 2011a, 2011b). The hamstring muscle group was consistently
exposed to eccentric exercise throughout the entire intervention and has been
demonstrated as a mode of exercise to reduce the risk of injury in the hamstring (Cleather
and Brandon, 2007). The lack of contact injuries may also been impacted upon by the
implementation of an S&C programme, players with an increased strength profile as
demonstrated here, may possess enhanced ability to resist external forces acting upon them

in dynamic sporting situations and therefore reduce the risk of contact related injury.

While there are multiple risk factors, both internal and external, when considering injury
incidence, the occurrence of a groin strain in the current study, also highlighted as a high
risk area of injury in football (Hawkins and Fuller, 1999; Hawkins et al., 2001; Morgan et al.,
2001; Junge et al., 2004a; 2004b; Price et al., 2004; Le Gall et al., 2006), may highlight a
limitation in the current training programme. No exercise in the current study was
specifically targeted at injury prevention at the groin. The inclusion of exercises, such as
lateral lunges, in subsequent training programmes could assist in reduce injury in this

region.
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5.4.2 Functional Movement Screening

Positive changes in the entire playing group were apparent in FMS™ scores over the 6
month intervention with mean group score improving from 13.8+1.2 to 17.5£0.9 (see Table
4.6). All players were also reported scores of >14. No other study has observed the changes
in FMS™ scores over the course of a season, or following the implementation of an S&C
intervention at any level of football. Keisel et al. (2007) proposed that athletes receiving a
total FMS™ score of <14 were at an 11 fold increase of suffering injury. It would therefore
suggest that the implementation of the S&C programme had a positive impact on injury risk
in the current subject group. Keisel et al. (2009) implemented an S&C intervention in
American Football players, to ascertain its effectiveness in improving FMS™ scores and
reported 52% of players with scores lower than the threshold improved scores above 14. It
is of interest though that this figure is only 52% when, unlike this intervention, players in
this study were given specific individual exercises to improve the aspects of the FMS™ test
where they performed poorly. This may indicate issues with player adherence to the
programme. In the current investigation players improved in two of the three tests relating
to the lower body function (overhead squat, in-line lunge), where the majority of football
injuries occur (Schmidt-Olsen et al., 1985; Hawkins and Fuller, 1999; Hawkins et al., 2001;
Morgan et al., 2001; Junge et al., 2004a, 2004b, 2004c; Price et al., 2004; Walden et al.,
2005; Wong and Hong, 2005; Le Gall et al., 2006; Dvorak et al., 2007; Froholdt et al., 2009;
Dvorak et al., 2011, Ekstrand et al., 2011a, 2011b). The value of <14 proposed for increase
of injury risk, should also be applied with caution when looking at football players, Keisel et
al. (2007) conducted the research on American Football players, which has particular risk
factors and injury rates and injury locations that are outside of the data outlined in football,

with high levels of injury being observed to the head/face, neck, torso and spine, in addition
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to lower limb injuries (Shankar et al., 2007) and high injury rates of over 40 injuries per 1000

athlete exposures to competition (Shankar et al., 2007).

Although no specific exercises were administered directly to improve FMS™ scores,
instruction and development of squat techniques including front squat and overhead squat
for strength training and Olympic lift development was undertaken in all phases of the
training programme, it is therefore not surprising that the overhead squat performance in
the FMS™ test improved pre to post. Similarly poor performance in the in-line lunge is often
considered representative of poor gluteal activation (Brewer and Pettigrew, 2009), the
application of squats, single leg squats and lunge patterns improves gluteal activation
(Brewer and Pettigrew, 2009) and would have direct correspondence to improved in-line
lunge performance. Players were observed to maintain active straight leg scores through
the intervention, demonstrating that hamstring length was maintained throughout the
competitive season. Football training and match play has been demonstrated to reduce
hamstring range of motion and subsequently increase the risk of injury to the posterior
thigh (Engebretsen et al., 2010). It would therefore appear that the systematic application
of eccentric exercise, aimed at improving hamstring health, maintains range of motion in
addition to improving the functional strength of the hamstring muscle group. Further to the
above, the application of an S&C intervention appeared to have a positive influence on the
measurable asymmetries within the subject group, with a 30% reduction in asymmetries
observed. The current study also looked at improvements in asymmetries relating directly to
the demands of the sport and focussed on asymmetries presented in the lower limb. A 22%
reduction in lower limb asymmetries was reported and significant improvements were

observed in the reduction in asymmetry of the in-line lunge. The underlying mechanisms for
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adaption in this specific exercise are outlined above. No studies currently have reported the
effect of S&C training on FMS™ asymmetry scores in football at any playing level, or looked
at portions of the FMS™, in relation to their specificity to the athletes sporting
requirements. Keisel et al. (2008) proposed that any player reporting any asymmetry
irrespective of overall FMS™ score was at a 2.3 times greater risk of injury than players
without asymmetry, it would therefore appear that through the reduction of asymmetries in

S&C training featuring unilateral movements, injury risk is reduced in players.

FMS™ application, while for the reasons outlined above is an important tool in the
assessment of athletic movement and injury risk, may have limitations when assessing injury
risk during athletic performance. The current study and existing literature has outlined the
low rate of transfer of improvements in athletes gym based strength profiles to sprint based
performance and jump performance, with more complex movement patterns reducing the
rate of transfer. It would therefore appear logical that the coordination of movement
patterns in a gym based environment will potentially breakdown during a dynamic sport
environment. If this is the case, a movement screen to assess athletes risk of injury should
incorporate more dynamic movement for example single leg landing control or walking

lunge patterns in addition to the basic movement screen outlined in the FMS™.

When assessing the results of the current study it is important to consider the reliability for
repeated measures using FMS™. Although it was not within the scope of this study to run
reliability studies on the use of FMS™, previous studies have outlined good inter-rater
(Minick et al., 2010; Shultz et al., 2011; Smith et al., 2012) and intra-rater reliability (Shultz
et al., 2011; Gribble et al., 2012; Smith et al., 2012) in both novice and expert raters. The

high levels of test-retest reliability shown by the FMS™ have been attributed to the ease of
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scoring system utilised to assess movement dysfunction (Minick et al., 2010; Shultz et al.,
2011; Gribble et al., 2012). Shultz et al. (2011) also stipulated that for best reliability of
comparison between measures the same practitioner should be used for all measurements
conducted on a subject, while Gribble et al. (2012) showed experienced practitioners, such
as used in this study, had higher levels of intra-rater reliability compared to novice
practitioners. It can therefore be considered that in the present study, where a single
experienced FMS™ practitioner conducted all test pre and post intervention that high levels

of test-retest reliability will be present.

5.4.3. Injury Summary

With the present study reporting lower injury incidence rates, low levels of contact injury
and severe injuries coupled with improved FMS™ scores and reduced incidence of
asymmetries present in the playing group, there is evidence to suggest that the inclusion of
a S&C programme has had a positive effect on injury risk in the group of players in this
study. If the true cost of injury in developing players is time-loss as proposed by Price et al.
(2004), the implementation of an S&C programme to academy players may be instrumental
in maximising their ability to meet the demands of professional performance but also giving

players sufficient times to develop the skill base for attaining elite level.

5.5 Limitations of Study and Future Directions for Research

The current project sits at the applied end of the research continuum outlined by Drust et
al. (2007) and while this gives the project high levels of external validity it compromises the
study in terms of internal validity and therefore impacts on the inferences that can be
drawn from the data collected. Two major limitations with regard to the current research

project are the small sample size and lack of control group with which to reference against.
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Due to the applied nature of the work, and the elite nature of the subject group and their
demanding playing and training schedules and the transient nature of players to and from
the team from senior squad call ups and leaving the club, maintaining members of the
subject group was challenging, of the squad of 17 players only 6 completed the threshold of
85% attendance at the S&C sessions and completed all testing components. Similar
obstacles have been reported in similar research with Casajus (2001), reported only
approximately 50% of his initial study group of professional male footballers were able to be

presented in the results.

It is also unrealistic in a squad of this nature to secure an equivalent level of player in a
control group. Managers of elite performers would not wish the squad to be broken down
for the administration of a season long intervention on performance enhancement, and
with potential for lucrative football contracts available at the end of an Academy scheme it
would potentially be unethical to do so. In addition to this, it is unlikely that a team of
similar standing would allow it players to be periodically tested with the potential benefit of
an intervention being delivered to potential rivals. No control groups have been used in

similar interventions involving elite level performers (Keisel et al., 2007; Keisel et al., 2008).

In addition to this, further time for the testing of the field based performance measure mid-
season, may have offered a more rounded picture with regard to seasonal variation in
performance variables within the squad, performance transfer and measures in relation to
strength gains, and the implementation of a different periodisation strategy for team sports

performance and its transfer potential is worthy of investigation.

To gain a full understanding of the interaction of the energy systems and strength and

power profiles of the athletes, it would have been beneficial to monitor the workloads of
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the athletes training and match play. Incorporating the focus of the field based sessions in
to the design and implementation of the S&C programme would be vital to minimise the
interference of training stimulus on desired adaptations. Current resistance training
prescription is also currently planned on measures of external load, discussed earlier in this
document. Football specific training is currently planned and monitored using measures of
internal load such as heart rate zones and measures such as TRIMP, a measure of internal
load on the athlete through resistance training would enable the S&C professional to
achieve the above integration of training required much more accurately. Further to this
testing of adaptation to the aerobic system over the course of the intervention would have
given a clear picture of the holistic training effect on the athletes and could incorporate the
measurement of aerobic performance and parameters associated with improved aerobic
performance such as running economy and lactate profiles. As aerobic performance is
considered as important in performance of football as strength and power parameters and
anaerobic fitness, the impact of an S&C programme on variables may be of benefit to the
current literature, particularly in elite level players. Current research suggests that strength

training may have positive effects on endurance performance (Stlglen et al., 2005).

5.6 Conclusion

The current training study conducted a 26 week S&C intervention in elite senior academy
football players. The implementation of a programme targeted at both performance gain
and injury reduction established positive impacts on the absolute strength profiles of all the
players. The transfer of strength gains to performance was demonstrated in improvements
in CMJ and sprint performance and a reduction in asymmetry of agility performance. The

potential of in-season demands of training and match play is a proposed mechanism for the
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lower levels of transfer to performance, with reductions in performance noted in other
studies not implementing S&C over a season and similar values reported through the in-
season in studies implementing S&C. Other methods of periodisation than the CT utilised in
this study may enhance performance transfer further and are worthy of investigation. Injury
rates for the player group utilised in this study were considerably lower than those reported
in football, and improvements in players FMS™ scores and a reduction in numbers of
asymmetries illustrated a there may be present a positive relationship between S&C and
injury risk reduction in elite academy football players however due to the limitations

outlined above further examination would be required.
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7. Appendices

7.1: Muscular Endurance/Hypertrophy Plan Example Session

Weight Training Programme

Name: Sport:  Football
Phase General Prep Mass:
Dates: Height:
Aims: Strength Endurance/Hypertrophy
General Prep Session 1
Exercise Comments Reps|Sets| Rest |%1RM|Weight] Recorded Weights Lifted Volume Load |Volume Intensity]
1 | Skipping/Boxing/Squat Stretch Do in Circuit/Warm Up 30s| 3 30s
2 |Owerhead Squat Elbows locked, Big toe up, Arse back 10 2 | Active
3 |Push Press Elbows high, Quarter Squat-Bang-Hold, Bar behind ears 10 | 2 |Active
4 _|stiff leg deadlift- from floor Big Chest, Drag bar down thighs 10 2 | Active
5
6 __|Shoulder Press 12 3 |60-90s| 75
7 _|Back Squat Big chest, Big toe up, Get deep 12 3 |60-90s| 75
8 |Bench Row Elbows bend 90°, Pull bar to nipples -Slow down fast up 12 3 |60-90s| 75
9 INHE Hips forward, Keeps Hams switched on to the floor 12 3 |60-90s
10 |Bench Press Elbows bend 90°, Push bar from nipples -Slow down fast up| 12 3 |60-90s| 75
Total 0l 0]
General Prep Session 2
Exercise Comments Reps|Sets| Rest |%1RM|Weight] Recorded Weights Lifted Volume Load |Volume Intensity]
1 |Skipping/Boxing/Squat Stretch [Do in Circuit/warm Up 30s 30s
2 |Front Squat High elbows, Big toe up 10 2 | Active
3 _|Split Jerk - Alternate legs Elbows high, Quarter Squat-Bang-Hold, Bar behind ears 10 Active
4 _|stiff leg deadlift- from floor Big Chest, Drag bar down thighs 10 2 | Active
5
6 |Deadlift Big chest, hips through at top 12 3 |60-90s| 75
7 _|Dips Elbows In, Bend + cross legs -Slow down fast up 12 3 |60-90s| 75
8 |Single Leg Squat Big chest, hips forward 12 3 |60-90s
9 |Chin ups \Wide (elbows at 90°) - controlled drop 12 3 |60-90s| 75
10 |NHE Hips forward, Keep Hams switched on 12 3_|60-90s
Total 0 0f
Weekly Total of 0]
7.2: Basic Strength Example Session
Weight Training Programme
Name: Sport:  Football
Phase Basic Strength Mass:
Dates: Height:
Aims: Increase Basic Strength
Basic Strength Session 1
Exercise C Reps|Sets| Rest |%1RM|Weighf Recorded Weights Lifted Volume Load| Volume Intensity
1 |Skipping/Boxing/Squat Stretch |Do in Circuit/Warm Up 30s| 3 30s
2 |Owerhead Squat Elbows locked, Big toe up, Arse back 10 2 | Active
3 |Push Press Elbows high, Quarter Squat-Bang-Hold, Bar behind ears 10 2 | Active
4 |Stiff leg deadlift- from floor Big Chest, Drag bar down thighs 10 2 | Active
5
6 | Shoulder Press 12 3 |90-120| 85
7 |Back Squat Big chest, Big toe up, Get deep 12 3 |90-120| 85
8 |Bench Row Elbows bend 90°, Pull bar to nipples -Slow down fast up 12 3 |90-120] 85
9 |NHE Hips forward, Keeps Hams switched on to the floor 12 | 3 |90-120
10 |Bench Press Elbows bend 90°, Push bar from nipples -Slow down fast up| 12 3 |90-120] 85
Total 0] 0]
Basic Strength Session 2
Exercise Comments Reps|Sets| Rest |%1RM|Weigh Recorded Weights Lifted Volume Load| Volume Intensity
1 |Skipping/Boxing/Squat Stretch |Do in Circuit/Warm Up 30s| 3 30s
2 |Front Squat High elbows, Big toe up 10 2 | Active
3 |Split Jerk - Alternate legs Elbows high, Quarter Squat-Bang-Hold, Bar behind ears 10 2 | Active
4 _|Stiff leg deadlift- from floor Big Chest, Drag bar down thighs 10 2 | Active
5
6 |Deadlift Big chest, hips through at top 12 3 |90-120| 85
7 |Dips Elbows In, Bend + cross legs -Slow down fast up 12 3 |90-120| 85
8 |Single Leg Squat Big chest, hips forward 12 3 |90-120
9 |Chin ups \Wide (elbows at 90°) - controlled drop 12 3 |90-120| 85
10 |NHE Hips forward, Keep Hams switched on 12 3 ]90-120
Total 0] 0)
Weekly Total qf qd
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7.3: Strength and Power One Example Session

Weight Training Programme
Name: Sport:  Football
Phase Sports Specific Strength and Power Mass:
Dates: Height:
Aims: Increase Strength and Power
Strength and Power Session 1
Exercise Comments Reps|Sets| Rest |%1RM|Weigh Recorded Weights Lifted Volume Load| Volume Intensity
1 |Boxing im | 2
2 |Overhead Squat Elbows locked, Big toe up, Arse back 10 2 | Active
3 |Push Press Elbows high, Quarter Squat-Bang-Hold, Bar behind ears 10 2 | Active
4 |Olympic liting Technique Various Pulls, catches, and presses 3 5 | Active
5
6 |Olympic lift Jump+shrug/hang pull/hang clean/clean - Depend ability 3 4 | 120S| 75
7 |Back Squat Big chest, Big toe up, Get deep 4 3 | 120s 85
8 |Bench Row Elbows bend 90°, Pull bar to nipples -Slow down fast up 4 3 | 1208| 85
9 INHE Hips forward, Keeps Hams switched on to the floor 4 3 | 1208
10 |Bench Press Elbows bend 90°, Push bar from nipples -Slow down fast up| 4 3 | 120S| 85
Total 0] 0)
Strength and Power Session 2
Exercise Comments Reps|Sets| Rest | %1RM|Weigh Recorded Weights Lifted Volume Load| Volume Intensity
1 |Boxing im| 2
2_|Front Squat High elbows, Big toe up 10 | 2 |Active
3 |Split Jerk - Alternate legs Elbows high, Quarter Squat-Bang-Hold, Bar behind ears 10 2 | Active
4 |Olympic lifting Technique \Various Pulls, catches, and presses 3 5 | Active
5
6 |Olympic lift Jump+shrug/hang pull/hang clean/clean - Depend ability 3 4 | 1208 | 75
7 |Single Leg Squat Big Chest, Hips forward 4 3 | 1208
8 |Dips Elbows In, Bend + cross legs -Slow down fast up 4 3 | 120S| 85
9 |stiff Leg Deadlift Big Chest, Drag bar down thighs 4 3 | 120S| 85
10 |Chin ups \Wide (elbows at 90°) - controlled drop 4 3 | 1208 85
Total 0) 0)
Weekly Total 0 0|
7.4: Strength and Power Example Session
Weight Training Programme
Name: Sport:  Football
Phase Sports Specific Strength and Power Mass:
Dates: Height:
Aims: Increase Strength and Power
Strength and Power Session 1
Exercise Comments Reps|Sets| Rest |%1RM|Weight Recorded Weights Lifted Volume Load| Volume Intensity
1 |Boxing im 2
2 |Owerhead Squat Elbows locked, Big toe up, Arse back 10 2 | Active
3 |Push Press Elbows high, Quarter Squat-Bang-Hold, Bar behind ears 10 2 | Active
4 _|Olympic lifting Technique Various Pulls, catches, and presses 3 5 | Active
5
6 |Olympic lift JJump+shrug/hang pull/hang clean/clean - Depend ability 3 4 | 1208 | 75
7 |Back Squat Big chest, Big toe up, Get deep 4 3 | 120S| 85
8 |Bench Row Elbows bend 90°, Pull bar to nipples -Slow down fast up 4 3 | 120s 85
9 |NHE Hips forward, Keeps Hams switched on to the floor 4 3 | 1208
10 |Bench Press Elbows bend 90°, Push bar from nipples -Slow down fast up| 4 3 | 1208 85
Total 0] 0)
Strength and Power Session 2
Exercise Comments Reps|Sets| Rest |%1RM|Weigh Recorded Weights Lifted Volume Load| Volume Intensity
1 |Boxing im 2
2 |Front Squat High elbows, Big toe up 10 2 | Active
3 |Split Jerk - Alternate legs Elbows high, Quarter Squat-Bang-Hold, Bar behind ears 10 2 | Active
4 |Olympic lifting Technique Various Pulls, catches, and presses 3 5 | Active
5
6 |Olympic lift Jump+shrug/hang pull/hang clean/clean - Depend ability 3 4 | 120S| 75
7 |Single Leg Squat Big Chest, Hips forward 4 3 | 1208
8 |Dips Elbows In, Bend + cross legs -Slow down fast up 4 3 | 1208 85
9 |stiff Leg Deadlift Big Chest, Drag bar down thighs 4 3 | 1208| 85
10 |Chin ups Wide (elbows at 90°) - controlled drop 4 3 | 1208| 85
Total 0) 0
Weekly Total of o
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7.5: Max Strength and Power Example Session

Weight Training Programme

Name: Sport: Football
Phase Max Strength and Power Mass:
Dates: Height:
Aims: Increase Max Strength and Power
Max Strength and Power Session 1
Exercise Comments Reps|Sets| Rest |%1RM|Weigh Recorded Weights Lifted Volume Load| Volume Intensity
1 |WU - Olympic lifting Technique |Teaching Progressions - 1st Pull, 2nd Pull, Catches etc. Active
2
3 |olympic litting 3 | 3 [25mins|] 75
4 |Bench Press 2 3 |2-5mins| 90/95
5 |Back squat 2 3 |2-5mins| 90/95
6 _|Chin Ups 2 3 |2-5 mins| 90/95
7 _|NHE 6 3 |2-5mins|
8 |Stretches for glutes, lowerback |Twist and Knee Tuck
9 |Stretch and hold squat position
10 |Stretch hip flexors/lumbar curve
Total 0] 0]
Max Strength and Power Session 2
Exercise Comments Reps|Sets| Rest |%1RM|Weight Recorded Weights Lifted Volume Load| Volume Intensity
1 |WU - Olympic lifting Technique |Teaching Progressions - 1st Pull, 2nd Pull, Catches etc. Active
2
3 |Olympic liting 3 3 |2-5mins| 75
4 |Dips 2 3 |2-5mins| 90/95
5 |Back squat 2 3 |2-5 mins| 90/95
6 |Prone Row 2 3 |2-5mins| 90/95
7 _|Stiff Leg Deadlift 6 3 |2-5mins| 90/95
8 |Stretches for glutes, lowerback |Twist and Knee Tuck
9 |Stretch and hold squat position
10 |Stretch hip flexors/lumbar curve
Total 0] 0]
| weekly Total | q q

7.6: Worked Example of 1RM Estimation Equation (Brzycki, 1993)

For an athlete that lifts 100kg through 6RM the following 1RM score would be predicted:

1RM

= 100/(1.0278-(0.0278 x 6))

=100/(1.0278-0.1668)

=100/0.861

=116 kg

133

= Weight Lifted/(1.0278-(0.0278 x number of reps))



7.7: Performance Measure and Anthropometric P values

Assessed using paired t-test:

Table 7.1: Anthropometric Data

Test Pre to Post
Height p=0.047
Mass p=0.048
LBM p=0.001
BF% p=0.015

Table 7.2: 5, 15 and 30m Sprint times, CMJ, PP, AP

Test Pre to Post
5m p=0.279
15m p=0.235
30m p=0.058
cMm) p=0.004
AP p=0.007
PP p=0.005

Table 7.3: 1RM and 1RM/LBM

Test 1RM Pre to Post 1RM/LBM Pre to Post
Squat p<0.0001 p <0.0001
Bench Press p <0.0001 p <0.0001
Prone Row p <0.0001 p <0.0001
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7.8 Ethical Approval

REGISTRY RESEARCH UNIT
ETHICS REVIEW FEEDBACK FORM

(Review feedback should be completed within 10 working days)

Name of applicant: James Keenan ........ccccoceeevveevvennnnee. Faculty/School/Department: HLS:
Biomolecular and Sports Sciences........ccoeeeevevevevececerieinrinnens

Research project title: The Impact of a Periodised Strength and Conditioning Programme on
Performance in Elite Football Academy Players

Comments by the reviewer

1. Evaluation of the ethics of the proposal:
The application has considered the general points raised by the form. However, please note the comments below
regarding formatting and further information that will be helpful and should be amended.

Section 1. The DoS is named but this name does not appear as a Co-investigator. This is unusual, surely the DoS is
part of the research team? Please amend as appropriate for the team / supervision arrangements. Done

There are some instances of typographical / grammatical errors e.g. ;
Section 5: Aims; Missing word/s ‘In addition to this [a further aim is] understand the relationship....”
Aim 2; ‘... on [a] subsequent...”. Etc Done

Sections are worded in the past tense indicating that the work has already been done — at this point of reading the
application it is not noted that the study is retrospective (as the reviewer understands it). Please stat this when
introducing the study and prior to the aims. Have stated that the work was done as part of existing consultancy
agreement. The application does state (later) that the procedures are being undertaken whether this research
was being done or not. Furthermore, the form does note that the consent of participants is based on their
employment contract.

Add to the aims to clarify that one aspect is a chronic comparison of responses due to training and that the other
is an examination of the acute effects of resistance training on performance variables. Done

Phase 2 — how will the participants be organised into hypertrophy and strength training groups? Are you expecting
equal group numbers or is it based on the fitness coaches / teams requirements? Could you end up with n=12
requiring all the same training method? Clearer

Research instruments — wording — “...four [site] skin fold...". Done.

Section 3. Please give the age range that you will be dealing with e.g. 16 — 18 years, so the reader knows how
young the participants are likely to be. Note that the testers were / are currently CRB checked. Done.

Section 6: Probably worth noting that locked filling cabinet is in a ‘swipe card limited access office’ or similar.
Done.

Section 7: Informed consent. By this point the reader should know that due to the nature of the study the data has
already been collected and the contractual agreements facilitate participation. Keep this here but make sure it is
noted earlier (as previous comment). OK.

Make sure you have a copy of the agreement / email etc for use of data and anonymity. Presumed.
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Section 8: Risk of harm: Please add that appropriate first aid procedures are provided at the club / testing venues.
Line 2; ‘weights’ not ‘weigths’. Both done.

2. Evaluation of the participant information sheet and consent form:
Not seen, as not required based on the research design.

3. Recommendation:
(Please indicate as appropriate and advise on any conditions. If there any conditions, the applicant will be required to
resubmit his/her application and this will be sent to the same reviewer).
I:I Approved - no conditions attached Approved.
I:I Approved with minor conditions (no need to resubmit)
Conditional upon the following — please use additional sheets if necessary (please re-submit application)
Please amend as suggested above as although the ethics application does provide the information required it

needs to be clear about the design of the study etc from the beginning. This won’t take long to amend.

I:I Rejected for the following reason(s) — please use other side if necessary

Further advice/notes - please use other side if necessary

Name of reviewer: Dr. MIKE PriCe. ..cuciuiiiiiiieieiieieiieieiieereitnreissressessassassassessnssansassanes
L] F=4 0 E 1 0=

Date: 26/05/11
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