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Abstract

The purpose of this study was to determine if a rescheduled, modified FIFA 11+ part 2 would
improve physical performance measures in female footballers in comparison to a rescheduled,
original FIFA 11+ part 2. The study used a cluster randomised controlled trial approach with an
eight-week intervention. A total of 25 female footballers from 4 women’s teams in the Wellington
region, New Zealand, participated in the study, and were placed into either an intervention group
(INT) or a control group (CON) (INT: n= 13, age 24.9 +4.0 years; height 164.9 5.8 cm; weight
68.1 £8.0 kg; CON: n= 12, age 20.1 £4.6 years; height 165.1 £4.6 cm; weight 62.4 £9.0 kg).
Performance measures included adductor strength, 5m, 10m, and 20m linear sprints (split times),
505 change of direction (COD) speed, and jump performance (vertical and reactive strength
index). The primary modifications to the FIFA 11+ part 2 (INT) were exercise variations to the
corresponding exercise in the original FIFA 11+ (CON), and a reduction in the number of
progressions for each exercise. A 2-way repeated measures analysis of variance (RMANOVA)
was used to detect within group and between group differences, and whether a groupxtime effect
was present. Omega squared (»?) and Cohen’s d were used to report the magnitude of the effects
as appropriate. There were statistically significant between-group differences (magnitude trivial
to small), in favour of the INT (modified FIFA 11+), in adductor strength (w?= 0.05; p< 0.001),
5 m sprint time (w?= 0.04; p= 0.02), 20m sprint time (w?= 0.02; p= 0.04), the 505 COD deficit
non-preferred foot time (w?= 0.07; p= 0.01), and the 505 COD deficit preferred foot time (w?=
0.21; p<0.001). The results showed that the implementation of a rescheduled, modified FIFA 11+
programme over an eight week intervention period is as effective at improving some specific
physical performance measures in female footballers as a rescheduled, original FIFA 11+
programme. It is recommended that the modified FIFA 11+’s part 2 could be used independently
by recreational athletes in football or other team-based sports to assist with developing baseline

physical performance qualities if there is not an appropriately structured programme in place.
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Chapter 1: Introduction

The Sport of Association Football

Football, also known as association football or soccer is the most popular sport in the world
(FIFA, 2007). It is a sport played between two teams of 11 players on a field of play with
dimensions ranging from 90-120 metres (m) in length (touchline) and 45-90m in width (goal line)
(IFAB, 2022). Players are allowed to use any part of their bodies, except their hands and arms to
manoeuvre the football into the opposition team’s goal. The goalkeeper for each team is the only
player allowed to handle the ball within the penalty area surrounding their respective team’s goal.
The team that scores the most goals during the duration of the match (90 minutes) wins (Weil et

al., 2023).

Figure 1 shows a general 4-4-2 formation (common in football) comprising of four defenders,
four midfielders and two forwards (attacker). These position variations can be broken down
further in to five sub-categories (not including the goalkeeper). They can be termed as central
defenders, full-backs (defenders to the left and right of the central defenders), central midfielders,
wide midfielders (midfielders to the left and right of the central midfielders) and attackers.
Bradley et al. (2009) showed that the midfield positions covered a greater total distance (km)
compared to the other playing positions. Wide midfielders covered greater high-intensity running
(running speed >14.4 km-h™) compared to all other positions and full-backs and wide midfielders

covered greater distance at high speeds (19.8-25.1 kmh™) in comparison to all other positions.
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Figure 1. Outline of general playing positions in a 4-4-2 formation
(Long etal., 2011)

When football was originally created, players on a team were assigned a playing position
dependent on their specific football skill or physical traits. Over the last 50 years, this idea has
changed, especially after the success of the club team AFC Ajax and the Holland national team
of the 1970s (Strudwick, 2016). This style of football, named ‘total football’, involved the players
on a team adjusting and moving into the position of a team-mate if that player was drawn out of
position during play. This system has led to the development of more well-rounded, high skill
players that can comfortably carry out the roles of each position on the pitch competently. This
‘total football” system can be seen not just as the catalyst for footballers becoming more

competent at playing multiple positions in a football team, but also creating an upward shift in



footballers’ athletic competencies and capacities to effectively carry out the physical demands of

each position.

Wallace et al. (2014) investigated the evolution of game structure, speed and play patterns over a
44-year period and indicated that the physical demands of a football match have increased. The
increase in player density (the number of players within a given area of the pitch at a given time),
ball speed and passing rates underlined the importance of footballers becoming more effective at

making split-second decisions and improving their physical performance characteristics.

Gender Differences

Interest in match performance characteristics in football matches has increased in the last decade
due to the valuable information collected to help inform performance practitioners and coaches
on areas for development. The relative physiological demands are similar between males and
females (Krustrup et al., 2005), but females in elite competitive matches cover approximately
30% less high-intensity running (maximum speeds greater than 15km/h) in comparison to elite
males, as well as spending more match play on low-intensity activities i.e., standing, walking,
jogging (Andersson et al., 2010; Krustrup et al., 2005; Mohr et al., 2008). Milanovi¢ et al. (2017)
highlighted that even though there has been a significant increase in football research in the last
twenty years, there still exists a large disparity in the volume of studies involving male and female

players.

Competition Standard Differences

It has been established that there is a clear difference in the physical demands between high
competition level matches compared to other levels for both sexes (Gabbett et al., 2008; Krustrup
et al., 2005; Mohr et al., 2008). Mohr et al. (2008) compared the work performed during matches
in top-class females to high level female players and showed that top-class players covered more
distance at high-intensities compared to high level players. Andersson (2010) showed that the

same female players performed more high-intensity running in international matches compared



with domestic matches, whereas there were no differences observed in total distance covered and

heart-rate response.

Athletic Performance Enhancement

The correlation between high levels of athleticism and superior performance has been consistently
demonstrated in many team sports. Strength and power (Wislgff et al., 1998), speed (Little et al.,
2005; Murphy et al., 2003), plyometric ability (Chimera et al., 2004; Rimmer et al., 2000) agility
(Gambetta, 1990; Little et al., 2005), aerobic endurance (Castagna et al., 2006; Chamari et al.,
2005; Hoff, 2005) and the ability to repeat high-intensity actions (Chaouachi et al., 2010; Little
et al., 2005) have been identified as key determinants of high levels of sporting performance.
These qualities have also been shown to reduce the risk of non-contact injuries (Chimera et al.,
2004; De La Motte et al., 2017a; De La Motte et al., 2017b; Lehance et al., 2009; Malone et al.,
2018; Malone et al., 2017b). These enhancements in an individual’s athletic performance
characteristics will not only improve their sporting performance to assist with gaining a
competitive advantage over opponents but will also reduce injury risk. Time-loss injuries have
been shown to be detrimental to sporting success (Hagglund et al., 2013; Raysmith et al., 2016)
and will inevitably have a negative effect on an athlete’s physical and sport specific skill
development due to a reduction in training time. As a result, professional sports teams, national
and international sporting organisations, and educational establishments have invested
significantly in developing science and medical programmes to support the needs of their athletes

and to ensure they are optimally prepared to compete and remain injury free.

Warm-Ups

The concept of ‘warming-up’ before sport has long been practiced and has generally been
accepted in modern sporting environments by players and coaches as an important aspect of
preparation for training and competition. The warm-up has commonly been based around the
notion of acutely elevating an individual’s body temperature (Asmussen et al., 1945) and
cardiovascular activity (DeLorey et al.,, 2007; Robergs et al., 1991) to elicit a level of

‘preparedness’ to optimise upcoming performance in the following training session or
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competition. These principles have long been researched, and the physiological changes are
generally emphasised by coaches and sport scientists as some of the fundamentals to a successful
warm-up. Jeffreys (2007) emphasised the importance of these principles being established as key
to ‘preparedness’. Individuals can expect positive effects on performance such as:

e Faster muscle contraction and relaxation of both agonist and antagonist muscles

(Hoffman, 2014)

e Improvements in rate of force development (Asmussen et al., 1976)

e Improvements in reaction time (Asmussen et al., 1976)

e Improvements in strength and power (Bergh et al., 1979; Enoka, 2002)

o Lowered viscous resistance in muscles (Bishop, 2003; Enoka, 2002; Woods et al., 2007)

e Improved oxygen delivery to muscles (Ingjer et al., 1979)

e Increased blood flow to active muscles (Neiva et al., 2014)

o Enhanced metabolic reactions (Enoka, 2002; Zois et al., 2011)

Alongside these acute performance enhancements for the subsequent training session or match,
well-structured warm-ups have been shown to reduce injuries (Barengo et al., 2014; Rokka, 2007;

Safran et al., 1988).

Jeffreys (2019) highlighted that the warm-up should not only be seen as a performance enhancer
for the upcoming session/match, but also as an opportunity to contribute to enhancing an athlete’s
athletic performance over the medium- and long-term time period. This can be done through
developing certain athletic qualities that are highlighted as crucial to obtaining a competitive
advantage over opposition. This could be through training change of direction/agility, speed, or
plyometric ability. Faude et al. (2012) highlighted these skills as key differentiators to influence
the outcome of a match. When looked at in terms of efficiency and effectiveness, a planned and
structured warm-up can have a massive influence on an athlete’s overall athletic development,
primarily due to the accumulative time and repetitions spent honing these athletic qualities as

mentioned above.



FIFA 11+ Warm-Up Programme

The FIFA 11+ was developed as a complete warm-up programme that requires minimum
equipment (a set of cones and balls) and takes approximately 20 minutes to complete (Trajkovié
etal., 2020). It is split up in to three parts, made up of running exercises at the beginning and end,
and the middle part (part two), made up of specific preventive exercises focusing on strength,
plyometrics and balance. These exercises each have three levels, increasing in difficulty, to

provide variation and progression (Bizzini et al., 2013b).

There has been significant research on the success of the FIFA 11+ as an injury prevention
programme (Sadigursky et al., 2017), and it has also been shown to enhance physical
performance, specifically improvements in balance and stability, sprint, agility/change of
direction (COD), and vertical jump performance (Ayala et al., 2017; Bizzini et al., 2013a;
Impellizzeri et al., 2013). This information, alongside the research that showed the positive
correlation between physical performance enhancement and injury prevention (Chimera et al.,
2004; De La Motte et al., 2017a; De La Motte et al., 2017b; Lehance et al., 2009; Malone et al.,
2018; Malone et al., 2017b), suggests that if the FIFA 11+ could be modified to further enhance
some of these physical performance qualities, it could also be assumed that it would reduce injury

risk further.

In 2016 the Accident Compensation Corporation (ACC), a New Zealand government run 24-hour
no-fault insurance scheme that covers personal injury caused by accidents, invested heavily in the
use of the FIFA 11+. It was rebranded the ‘ACC SportSmart” warm-up and was promoted as a
strength and conditioning warm-up to improve performance and keep athletes injury free
(SportSmart, 2016). This initiative could be seen as an early-stage basic intervention targeted at
participants with minimal to no training age and with similar goals to the comprehensive science

and medical programmes previously mentioned.

Shamlaye et al. (2020) and Winstanley et al. (2023) investigated factors that may influence

adherence to the FIFA 11+ by surveying football coaches in New Zealand. These studies
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highlighted that shortening the warm-up, focus on performance enhancing effects, and an
equivalent strategy to implement throughout a session, rather than being used as a stand-alone
warm-up, would likely improve adherence. Whalan et al. (2020) suggested some strategies to
overcome barriers to the FIFA 11+ adoption and adherence amongst players and coaches.
Updating the current FIFA 11+ was one suggestion as it has remained ‘untouched’ since its 2009
launch despite recent research highlighting exercises and modes of delivery that could improve
the efficacy of the programme. Another suggestion was the rescheduling of part 2 of the
programme to an alternative time period as this strategy increased compliance, reduced severe
injury incidence and burden, and addressed concerns associated with warm-up duration (Whalan

etal., 2019b).

Significance of the research

Previous research suggests that athletic performance enhancement is linked to superior sport
performance and reduction in injuries. Through evaluating the significance of a rescheduled
modified FIFA 11+, and a rescheduled original FIFA 11+ on physical performance measures, the
findings may be beneficial for the future implementation of national performance enhancement
and injury prevention strategies in recreational footballers. The use of a cohort of recreational
female footballers, who are significantly under-represented in comparison to male footballers in
sports research, will also inform and guide practitioners working with female footballers to further
develop the players they coach. Considering its inception was over 15 years ago there are very
few studies that have looked specifically at modifications to the FIFA 11+. The findings from this
study will encourage other researchers to investigate new innovations and/or additions to the FIFA

11+, or other physical performance enhancement programmes.

Purpose of the thesis

The overall purpose of this thesis was to determine if a rescheduled, modified FIFA 11+ part 2
would improve physical performance measures in female footballers in comparison to a
rescheduled, original FIFA 11+ part 2. Previous research has suggested that a significant barrier

to the implementation and compliance of the FIFA 11+ is the time taken to complete the three
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parts at the beginning of a training session (Shamlaye et al., 2020; Winstanley et al., 2023). This
would justify the rescheduling of the three parts of the FIFA 11+, which when done has been
shown to maintain the FIFA 11+’s effectiveness at reducing player injury incidence and physical
performance (Veith et al., 2021; Whalan et al., 2019b). The hypothesis was that the use of a
modified, rescheduled FIFA 11+ as a football warm-up, and as a strength and conditioning
programme for participants to follow would lead to greater improvements in physical

performance measures compared to the original, rescheduled format of the FIFA 11+.

Structure of the thesis

Under the Auckland University of Technology’s format 1, this thesis contains 6 chapters (Figure
2). Chapter 1 provides background, rationale, and significance to support the overall purpose of
this thesis. Chapter 2 is a narrative review examining the current literature that has investigated
the effect of the FIFA 11+ on measures of physical performance. Chapter 3 outlines the
experimental design of the study, the interventions prescribed, and the procedures used in the
testing process. Chapter 4 outlines the results of both the control (CON) and intervention (INT)
groups and the differences between them. Chapter 5 and 6 discusses the key findings, and
identifies the limitations of the thesis, and makes recommendations for future research, and

provides suggestions for practical applications.



The 11+ Part 2: Can it be improved to further enhance
performance in female football players?

: Chapter 1: Introduction :
: Chapter 2: Narrative Review :
: Chapter 3: Methods :
: Chapter 4: Results :
: Chapter 5: Discussion :
: Chapter 6: Conclusion :

Figure 2. Overview of the thesis structure



Chapter 2: The Effect of the FIFA 11+ on Performance Measures: A
Narrative Review

Introduction

In 1994 FIFA (International Federation of Association Football) created the Medical Assessment
and Research Centre (F-MARC), made up of international experts in football medicine, to work
independently as a research body. It’s mission was to protect the health of all female and male
football players, as well as promote football as a health-enhancing leisure activity (Dvorak, 2009).
In 2006 F-MARC, together with the Oslo Sports Trauma Research Centre and the Santa Monica
Orthopaedic and Sports Medicine Research Foundation, created the FIFA 11+, a neuromuscular
warm-up programme designed to reduce injuries and enhance performance. The design was based
on the experiences of previously investigated injury prevention and performance enhancement
interventions, such as ‘The 11°, ‘PEP’ (Prevent Injury and Enhance Performance programme)
(Gilchrist et al., 2008; Mandelbaum et al., 2005) and other exercise-based programmes (Caraffa

et al., 1996; Heidt et al., 2000; Hewett et al., 1999; Soderman et al., 2000).

An early randomised control trial into the efficacy of the FIFA 11+ as an injury prevention tool
showed that young female teams, performing the FIFA 11+ at least twice a week (as a standard
warm-up before training), had 37% fewer training injuries and 29% fewer match injuries and
severe injuries were reduced by almost 50% (Soligard et al., 2008). This study was used by FIFA
in promotional resources provided to member associations during the FIFA 11+’s inception.
Sadigursky et al. (2017) carried out a systematic review to evaluate the efficacy of the FIFA 11+
injury prevention programme for football players. Six studies were selected, including the
Soligard et al. (2008) study, all of which were randomised control trials. The sample consisted of
6,344 players, comprising 3,307 (52%) in the intervention group (INT) and 3,3037 (48%) in the
control group (CON). The review concluded the FIFA 11+ warm-up programme was effective
for preventing injuries in soccer players of both sexes aged >13 years. However, it must be noted
that the six studies reviewed compared the FIFA 11+ (INT) to regular football warm-ups (CON)

which involved little to no exercise or drill prescription targeting the parameters that the FIFA
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11+ targets, i.e., strength, balance. While the comparison between the FIFA 11+, an evidence-
based intervention, and a regular football warm-up intervention utilising a selection of football
specific skills involving a football at submaximal intensity is a fair reflection of real-life scenarios,
there is also the need to compare the FIFA 11+ to neuromuscular warm-up programmes designed

to target similar neuromuscular enhancements.

The merits of the FIFA 11+ as an injury prevention tool cannot be questioned (Sadigursky et al.,
2017). However, what is less clear is whether the FIFA 11+ effectively enhance an individual’s
athletic qualities? The correlation between high levels of athletic qualities and superior
performance has been consistently demonstrated in many team sports. For example, strength and
power (Wislgff et al., 1998), speed (Little et al., 2005; Murphy et al., 2003), plyometric ability
(Chimera et al., 2004; Rimmer et al., 2000) and change of direction (COD)/agility (Gambetta,
1990; Little et al., 2005), have been identified as key determinants of high levels of sporting
performance. In football specifically, Faude et al. (2012) analysed the speed and power abilities
for the assisting and the scoring player in the situations immediately preceding a goal. The
observed actions were categorised as: no powerful action, rotation (around the body's centreline),
straight sprint, change-in-direction sprint, jump, or a combination of these categories. Eighty-
three percent of goals were preceded by at least one powerful action of the scoring or the assisting
player. It was concluded that power and speed abilities are important in decisive football situations
and, thus, should be included in fitness testing and training. These athletic qualities can also
reduce the risk of non-contact injuries (Chimera et al., 2004; De La Motte et al., 2017a; De La
Motte et al., 2017b; Lehance et al., 2009; Malone et al., 2018; Malone et al., 2017b). Enhancing
athletic performance characteristics will not only improve a player’s sporting performance to
assist with gaining a competitive advantage over opponents but will also reduce injury risk
(Chimera et al., 2004; De La Motte et al., 2017a; De La Motte et al., 2017b; Lehance et al., 2009;

Malone et al., 2018; Malone et al., 2017b).

The FIFA 11+ is a well-researched injury prevention programme that has reported significant
success in reducing injuries (Sadigursky et al., 2017). The purpose of this review was to

11



summarise the available literature to investigate the effect of the FIFA 11+ on the following

performance measures; strength, speed, COD/agility, and jump height.

Methods

This review was conducted in accordance with published processes used to write a narrative
review (Green et al., 2006). The decision to undertake a narrative review instead of a systematic
review for the FIFA 11+ as a performance enhancement intervention was justified by several
factors. Firstly, a narrative review allowed for the inclusion of diverse evidence types,
accommaodating the variety of studies using participants from sports other than football, and both
sexes. Secondly, the exploratory nature of the research question was better suited for a narrative
review, facilitating the identification of emerging themes. Finally, considering resource and time
constraints, a narrative review provided a more feasible approach, allowing for a comprehensive
examination of available evidence without the extensive requirements of a systematic review. An
initial literature search was conducted in January 2022, with a secondary search conducted in
January 2023, using the following databases: SportDiscus (EBSCOhost), Google Scholar,
ScienceDirect and Ovid. Selected search terms and key words related to the FIFA 11+, strength,
speed, agility, change of direction, plyometrics, jump height, and performance enhancement were
combined using Boolean logic. Only full-text peer reviewed articles in English language were
considered. Additionally, reference lists of selected articles were screened for other relevant
articles. Only studies with physical performance measures measuring strength, speed, agility,
change of direction, jump height, or plyometrics were included in the final review. The reporting
of interventions used in the studies in the narrative review were termed INT for the FIFA 11+, or

CON for the alternative intervention, unless stated otherwise.

Findings

Seventeen studies were identified as appropriate for inclusion in the review and all 17 were
randomised control studies (RCTs). All studies published between 2013 and 2022 highlighting
that the research investigating the efficacy of the FIFA 11+ as a physical performance enhancing

programme is a current trend. There was a total of 719 participants, with a mean number of 42
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participants, across the 17 studies. The largest study included 90 participants and the smallest
study included 20 participants. Of the 719 participants, 118 (16%) were females and 601 were
males (84%). The age range was 11-27 years with a mean age of 20 years. There were several
different performance measures reported, six studies included strength measures, nine included
speed measures, eight included agility/COD, and 10 included jump performance measures.
Results of studies varied with some finding an improvement in physical performance with the
implementation of the FIFA 11+ vs. regular football warm-up, while other studies found no effect.
Fourteen of the studies reported some improvement in at least one of the physical performance
measures in favour of the FIFA 11+, and three reported no significant difference in any
performance measure between the FIFA 11+ and CON. A summary of the key characteristics of

the included studies is presented in Table 1.
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Table 1. Summary of the key characteristics of included studies

Warm-up intervention vs.

Author (year) Stu_d y Partlmpar.lts (anzillysed); control; frequency; length; Measures Study Outcomes
esign gender; sport; age . .
compliance (if stated)
g . INT (between group): significant
Akbari et al. (2018) RCT n=24; male, football 16.8 FIFA 11+ st' regular warm-up; VJIH improvement in jump performance (p=
+1.2yr 3x per week; 8 weeks 0.002)
INT: decrease in COD time and deficit
Arede et al. (2022) RCT n=30; male; football; 11.2 Play-based tasks (INT) vs. FIFA  Sprint (20m); COD (The between legs; FIFA 11+: decrease in
' 0.7 yr 11+; 2x per week; 6 weeks double 180° COD test)  sprint and COD time and deficit between
legs.
. , . Modified FIFA 11+ (INT1) vs. All groups improved pre- to post-test;
n = 90; male; football; 17.0 . . . Ly
Asgari et al. (2022) RCT 0.7 yr (INT1); 17.0 0.7 yr FIFA 11+ gCN)LZ) :\%/s. routlnek_ . COD (lllinais agility :H% |mgr((:)éeNd.sl|\?n|f_lca_r:c'gly be;tic:cthan
(INT2): 16.7 £0.6 yr (CON) warm-up ( ); 3x per week; test) an ; No significant difference
e T months between INT2 and CON
—91- . . Sprint (10 & 20m); VJH . .
Ayala et al. (2017) RCT n= 21; male; football; 16.8 FIFA 11+ (level 2) vs. normal (DJ); COD (Illinois INT (between group): 10 & 20m times

0.7 yr

warm-up; 3x per week; 4 weeks

agility test)

decreased & VJH increased
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n=17; male; foothall; 18.3

FIFA 11+ (week 1-3, level 1;
week 4-6, level 2; week 7-9,

INT (between group): increase CMJ & SJ

da Costa et al. (2015) RCT level 3) vs normal warm-up; 3x ~ VJH (CMJ & SJ)
L6 yr per week; 9 weeks; 85% (p=0.01)
compliance
INT (within group): increase (p< 0.05)
ham PT; con 60, 180 & 300 (dominant);
Isokinetic knee strength: 60 & 180 (nondominant); INT (within

Daneshjoo, Mokhtar et RCT n= 36; male; football; 18.9 FIFA 11+ vs. regular warm-up; PT: con 60. 180 & " group): increase (p< 0.05) quad PT; 300

al. (2013) +1.4yr 3x per week; 8 weeks 3060/5 ’ (dominant); No changes in CON group;
Con ham strength was significantly
different between INT & CON; dominant
(p=0.01) & non-dominant (p=0.02)
INT (within group): increase (p< 0.05)
ham PT; con 30 & 60 (dominant leg); 30

Dansehjoo,Rahnama et RCT n= 36; male; football; 18.9 FIFA 11+ vs. regular warm-up;  Isokinetic knee strength: & 60 (non-dominant leg); INT (within

al. (2013) +1.4yr 3x per week; 8 weeks PT; con 30, 60 & 90°/s  group): increase (p< 0.05) quad PT; con
60 & 90 (dominant leg); 30, 60 & 90
(non-dominant leg)

on. . , FIFA 11+ (week 1-3, level 1; Sprln.t (20m); CO[,) (T- Possibly meaningful (between group)
Impellizzeri et al n=81; male; football; 23.7 week 4-6, level 2; week 7-9 TESt.)’ VIH (CMJ); increase in hamstring PT; ecc 60 & con 60
' RCT +3.7 yr (INT); 23.2 £3.8 yr ' ’ ’ Isokinetic knee strength: ’

(2013)

(CON)

level 3) vs. normal warm-up; 3x
per week; 9 weeks

PT con 60 &180°/s; ecc
60°/s

from a practical point of view; No
significant difference for other measures
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n=71; male; futsal; 27.0

FIFA 11+ (4 weeks at level 3)

COD (T-Test); Sprint

No significant effect of the intervention

Lopes et al. (2019) RCT 5.1 yr (INT); 26.0 5.1 yr vs. regular warm-up; 2x per (30m): VIH (SJ) was found for any of the performance
(CON) week; 10 weeks ’ measures between INT & CON groups
No significant effect of the intervention
n= 71; male; futsal; 27.0 FIFA 11+ (4 weeks at level 3) Isokinetic knee strength: vagzsfgruer;dbfe%r/vae% ?L?fg‘pgg?\rjm?gﬁes in
Lopes et al. (2020) RCT 5.1 yr (INT); 26.0 5.1 yr VvS. regular warm-up; 2x per PT con 60 & 230°/s; ecc , . group
; o .~ the short term; Ecc hamstring strength
(CON) week; 10 weeks 30°/s; H/Q strength ratio .~ .. . . .
significantly higher in INT group in the
long-term
o ) _ L VJH (CMJ); Sprint INT (between group): VJH and 18.3m
Nawed et al. (2018) RCT 25 ?7,rmale, football; 20.6 E)I(FAerlvlvze\:(s_' {ggvl\iaerktsralnlng, (18.3m); COD (lllinois  time significantly improved (p< 0.05); No
xe by P ' agility test & T-test) significant difference in COD (p< 0.05)
n=59; female; basketball; e ) . ) No significant effect of the intervention
Nuhmani (2020) RCT 20.3+2.3yr (INT); 20.2 £2.1 g)I(FAérlvle;evks:. {ggvt\j:eaerk\;varm up: \C/él-[l) (S.Fr.'rr;tsg)l 8.3m); was found for any of the performance
yr (CON) P ' measures between INT & CON groups
n=29; female; futsal; 26.2 . . . .
. ’ ! ' FIFA 11+ vs. Dynamic warm- VJH (SJ); COD (Agility  INT: increase in VJH (p= 0.0024);
Patti et al. (2022) RCT z‘gé’,\xg (INT); 26.8 +6.5yr up; 2x per week; 5 weeks T-Test) increase in COD (p= 0.0077)
L ) . . . ) No significant effect of the intervention
Robles-Palazon et al. RCT n=21; male; football; 16.4 FIFA 11+ vs. regular warm-up;  Sprint (10 & 20m); VJH was found for any of the performance

(2016)

1.3 yr

3x per week; 4 weeks

(DJ)

measures between INT & CON groups
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n= 30; female; football; 24.5
Kerman et al. (2018) RCT +1.7yr (INT); 24.3 £1.4 yr
(CON)

FIFA 11+ vs. regular warm-up;
3x per week; 8 weeks

Isometric knee strength
(MVC) 90° flexion &
extension

INT (between group): Significant increase
in knee flexion and extension strength (p<
0.05)

n= 26; male; football; 11.2
Trajkovic etal. (2020) RCT +0.8 yr(INT); 10.9 £0.8 yr
(CON)

FIFA 11+ vs. regular warm-up;
3x per week; 4 weeks

Sprint (20m); HID
(SLJ); COD (Illinois
agility test)

INT (between group): Significant increase
in SLJ (p< 0.001) and decrease in COD
time (p=0.008)

n= 20; male; football; 12.8
Zhou et al. (2022) RCT +1.9yr (INT); 13.3 £0.2 yr
(CON)

FIFA 11+ vs. typical warm-up;
3x per week; 8 weeks

Isometric knee strength
(MVC) 90° flexion &
extension; H/Q strength
ratio; Sprint (30m)

INT knee flexor strength significant
increase and significant decrease in
extensor strength pre- to post-; CON no
significant change; H/Q strength ratio
significantly higher in in INT vs. CON;
30m time significantly better in INT vs.
CON

INT= intervention group; CON= control group; RCT= randomised control trial; °/s= degrees per second; yr= years; ham= hamstrings; quad= quadriceps; H/Q= hamstring/quadricep; ext= extension;
flex= flexion; con= concentric; ecc= eccentric; VJH= vertical jump height; DJ= drop jump; CMJ= countermovement jump; SJ= squat jump; HID= horizontal jump distance; SLJ= single leg jump;

MV C= maximal voluntary contraction; PT= peak torque
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Strength

Six studies specifically investigated lower limb strength, particularly around the knee. Isokinetic
knee strength has been measured in four studies with two of these studies looking at concentric
strength (Daneshjoo et al., 2013; Daneshjoo et al., 2012) and two looking at both concentric and
eccentric strength studies (Impellizzeri et al., 2013; Lopes et al., 2020). The remaining two studies

looked at isometric strength (Kerman et al., 2018; Zhou et al., 2022).

Concentric quadriceps peak torque (PT) and concentric and eccentric hamstring PT has been
reported to significantly increase within group after 8 weeks of performing the FIFA 11+ with a
training frequency of three times per week over an eight-week period (Daneshjoo et al., 2013;
Daneshjoo et al., 2012). It was also found that the FIFA 11+ improved concentric and eccentric
hamstring PT, however from a performance perspective the increases were only possibly
meaningful (<5% difference between INT and CON) (Impellizzeri et al., 2013). A significant
improvement in hamstring to quadricep (H:Q) strength ratio has also been reported (Lopes et al.,
2020). The studies that investigated isometric knee strength (Kerman et al., 2018; Zhou et al.,
2022) both showed significant increases in strength measures in favour of the INT. The INT group
in the study by Zhou et al. (2022) did show a significant decrease in knee extensor strength, but
due to the increase in strength of the knee flexors, the H:Q ratio was significantly higher in the

INT compared to the CON.

Five studies used adult male participants, with three studies in football (Daneshjoo et al., 2013;
Daneshjoo et al., 2012; Impellizzeri et al., 2013), and one study in futsal (Lopes et al., 2020). One
study used female participants from football (Kerman et al., 2018). All studies prescribed
interventions for a minimum of eight weeks, with two studies running for nine weeks (Impellizzeri

etal., 2013) and ten weeks (Lopes et al., 2020) respectively.

Overall, there is consistent evidence that suggests the FIFA 11+ enhances quadricep and

hamstring strength. In all studies the CON intervention involved participants completing their
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normal/regular training/warm-up with no consistent prescription of exercises or movements for
the duration of the studies. The outcome from these studies is not surprising as there are exercises
in the FIFA 11+ targeting the strengthening of the quadriceps and hamstrings, such as the squat
exercise variations and the Nordic hamstring exercise. A limitation of the studies reviewed was
that none recorded the compliance of participants to their respective intervention. This
information would help determine the most effective dose to achieve a positive response and
fundamentally highlight if the positive outcome in the studies, in favour of the FIFA 11+, was
due to a discrepancy in training frequency between groups. There was also limited research using

female participants which suggests that more research should be done using a female cohort.

Speed

Nine studies investigated speed over a variety of sprint distances, ranging from 10m up to 30m.
Two studies measured sprint times over both 10m and 20m (Ayala et al., 2017; Robles Palazén
etal., 2016), three studies measured sprint times for only 20m (Arede et al., 2022; Impellizzeri et
al., 2013; Trajkovi¢ et al., 2020), and two studies measured sprint times for 30m (Lopes et al.,
2019; Zhou et al., 2022). Two studies measured sprint times at 18.3m, which corresponds to the
studies’ 20-yard sprint distance (Nawed et al., 2018; Nuhmani, 2020). Out of the nine studies,
four reported the FIFA 11+ significantly improved sprint times over the respective testing

distances (Arede et al., 2022; Ayala et al., 2017; Nawed et al., 2018; Zhou et al., 2022).

Arede et al. (2022) used a training frequency of two times per week over a six-week period and
compared the FIFA 11+ to a play-based tasks intervention. The play-based tasks intervention was
vastly different to the FIFA 11+ and consisted of four play-based tasks (five minutes per task)
which aimed to develop dynamic stability, coordination, strength, plyometric ability, and
speed/agility. The structure and the prescription of the tasks was significantly different to the
modular structure of the FIFA 11+ and did not have any pre-prescribed sprint distance directive
included in its programme. Ayala et al. (2017) compared the FIFA 11+ to a control group that
used their usual warm-up, with a prescribed training frequency of three times per week for the
duration of the 4-week study. The results showed that the FIFA 11+ had elicited substantial
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improvements in 10m and 20m sprint times in comparison to the control group’s usual warm-up
routine. Nawed et al. (2018) compared an experimental group completing the FIFA 11+ and a
control group continuing their regular warm-up, at a training frequency of five times per week. It
was shown that the FIFA 11+ significantly improved their sprint performance over the 18.3m (20-
yards) distance compared to the control group. Zhou et al. (2022) compared the FIFA 11+ to a
CON group that completed their typical warm-up for the duration of the study (eight weeks) at
the frequency of three times per week. The results showed that the post-test 30m sprint times of
the INT players were significantly better than those of the CON players. It is worth noting that all

four studies used male football participants.

Five studies reported no significant differences between the FIFA 11+ and a control group’s
intervention in their respective sprint tests (20m (Impellizzeri et al., 2013), 30m (Lopes et al.,
2019), 18.3m (Nuhmani, 2020), 10m & 20m (Robles Palazon et al., 2016), and 20m (Trajkovié¢
et al., 2020)). All these studies used footballers except Nuhmani (2020) and Lopes et al. (2019)
who used basketball and futsal players, respectively. Additionally, Nuhmani (2020) is the only
study that used a female cohort. As previously reported, research has shown that the exercises in
the FIFA 11+, particularly exercises in part 2 that are categorised as strength exercises for the
lower body, elicit strength increases. However, these exercises would best elicit adaptations in
participants that have little, to no training age/experience and may not improve speed or more
dynamic/explosive movements. The progressive overload of these movements is limited due to
the lack of additional equipment in the FIFA 11+ and potential improvements in physical
performance would dimmish quickly and plateau. One method of progressive overload when
external resistance is not an option is to complete the prescribed movements with a greater
velocity/tempo, particularly through the concentric phase of a movement. This can be used as a
simple method of increasing an athlete’s rate of force development (RFD) during a voluntary
contraction when external resistance is absent (Young et al., 1993) and could enhance an athlete’s
rate coding (Enoka et al., 2017). Increases in rate coding is where the rate of neural impulses
transmitted to the muscle fibres to generate force increases. These increases in motor unit firing
frequency enhance the magnitude of the force generated by a muscle and the motor unit firing
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rate of each motor unit increases with increasing muscular effort (rate coding) until the maximum
rate is achieved. During these high speed muscle contractions, motor units firing at high
frequencies will increase a muscle’s RFD and has been shown to be achieved through high
intensity training where the magnitude or velocity, or both, of a given load is moved maximally
(the higher the load/velocity, the higher the intensity) (Zehr et al., 1994). The FIFA 11+ has no
prescription of increasing execution speed for any exercises in the programme, including for
progressions at level two or three. Part 2 does include jumping exercises, but it is clear the
directives for execution at level one and two prioritise the quality of the landing rather than jump
height or ground contact time. This pause for landing execution by participants would suggest
minimal to no stimulation of the stretch shortening cycle (SSC) and could not be classified as a
true plyometric exercise. This absence of a rapid pre-stretch (eccentric contraction) of the muscle
and maximal effort through the concentric muscle contraction in level one and two of the jump
aspect in part 2 of the FIFA 11+ means that they could not be considered a true plyometric exercise

(Luebbers et al., 2003; Markovic, 2007).

Overall, there is conflicting evidence as to whether the FIFA 11+ is an effective intervention for
developing speed. The studies that found no significant benefit of the FIFA 11+ were over a
variety of timeframes, with two studies using a four-week training intervention (Robles Palaz6n
et al., 2016; Trajkovi¢ et al., 2020), and two studies using longer training interventions of nine
(Impellizzeri et al., 2013) and 10 (Lopes et al., 2019) weeks, respectively. The studies that found
a significant difference between groups, in favour of the FIFA 11+, were also over a variety of
timeframes, ranging from four weeks to 12 weeks. There does not appear to be any consistent
intervention period that optimally elicits an adaptation, if any, in speed performance. This would
suggest that the performance increases found in the studies that reported a significant difference
between groups may have been due to an external training stimulus and not due to the
implementation of the FIFA 11+. The FIFA 11+ does not include any directed maximal sprint
exposures or a very limited volume of explosive movements in any of the three parts. Due to the
unpredictable and somewhat uncontrollable nature of sport specific training sessions there may
have been situations where all participants, INT and CON, experienced significant high-speed or
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maximal sprint exposures to elicit adaptations. The only way that this could be monitored
effectively to compare between groups would be using global positioning system (GPS), and none
of the studies included monitoring of any GPS running and COD metrics which may be why there

is conflicting evidence on the programme’s effectiveness in developing speed.

Agility and change of direction

Eight studies investigated the effect of the FIFA 11+ on COD/agility performance. Three different
COD/agility tests were used in the eight studies with the T-test used in four (Impellizzeri et al.,
2013; Lopes et al., 2019; Nuhmani, 2020; Patti et al., 2022), the Illinois agility test used in three
(Ayala et al., 2017; Nawed et al., 2018; Trajkovi¢ et al., 2020), and the double 180° COD test

used in one (Arede et al., 2022).

Three studies reported the FIFA 11+ significantly improving COD/agility performance (Arede et
al., 2022; Patti et al., 2022; Trajkovi¢ et al., 2020). Arede et al. (2022) used cohort of male
footballers and prescribed a training frequency of two times per week over a six-week period and
compared the FIFA 11+ to a play-based tasks intervention. Trajkovi¢ et al. (2020) also used male
participants and compared the FIFA 11+ to a regular warm-up executed by the control group over
four weeks with a training frequency of three times per week. Patti et al. (2022) prescribed female
fustal players a training frequency of two times per week over a period of eight weeks for the two
warm-up interventions, the FIFA 11+ and a dynamic warm-up. The dynamic warm-up consisted
of running exercises, upper and lower limb mobility exercises, and a dynamic routine of high-
knees, skips, butt-kicks, and grapevine exercises. This is the only study that included a prescribed

warm-up for the CON group to follow for the duration of the study.

Five studies reported no significant differences between the FIFA 11+ and the other trial group’s
intervention in their respective COD/agility tests (Ayala et al., 2017; Impellizzeri et al., 2013;
Lopes et al., 2019; Nawed et al., 2018; Nuhmani, 2020). All studies prescribed the FIFA 11+ as
the INT and the respective footballer’s regular warm-ups as the CON. One study used female

participants (Nuhmani, 2020) and was also one of two, alongside Lopes et al. (2019), that used
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participants from basketball, and futsal, respectively. Of the five studies only Ayala et al. (2017)
used a training intervention period of four weeks, with the other studies (Impellizzeri et al., 2013;
Lopes et al., 2019; Nawed et al., 2018; Nuhmani, 2020) using a training intervention between

nine and 12 weeks.

The tests used in all studies included in the review could be better defined as COD tests due to
participants running a pre-determined route. Agility has been defined as a ‘rapid whole-body
movement with change of velocity or direction in response to a stimulus’ (Sheppard et al., 2006).
The tests used do not involve the participants carrying out COD movements in response to a
stimulus, and feature a relatively large amount of linear sprinting. Nimphius et al. (2018) critically
evaluated the current measures of COD and agility. The T-testand Illinois test involve participants
running a total distance of 36.6 metres and 60 metres, and require four and 11 changes of direction,
respectively. The average time to complete these tests is 7.5-13 seconds for the T-test and 13-19
seconds for the Illinois test. Nimphius et al. (2018) highlighted that any single performance
measure from an entire test that features a large amount of linear sprinting could mask COD
performance (i.e., the athlete may be poor at making the COD but can recover through their
superior linear speed). Young et al. (2001) proposed that linear speed training does not transfer
to improving COD ability as they are considered separate physical/athletic qualities. The critical
analysis of these COD/agility tests by Nimphius et al. (2018) showed that a specific COD/agility
test should focus more on what happens during the COD, as opposed to the total duration of a test
that predominately evaluates linear speed capacity. It is important to note that Arede et al. (2022)
calculated the COD deficit for the right and left foot turns of the double 180° COD test which
aligns to the recommended practical applications outlined by Nimphius et al. (2016). It was
highlighted that the COD deficit may be a better tool to isolate and provide a more specific
measure of an athlete's ability to change direction, in this instance at completing a 180° turn. The
COD/agility tests in the studies included in the review all involve execution by participants at
extremely high intensities, replicating some of the most demanding specific CODs in each study’s

given sport.
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The FIFA 11+ does not involve any highly demanding COD, with only low intensity COD carried
out after jogging no more than 10 metres. In studies that found significant improvements in
CODl/agility (Arede et al., 2022; Patti et al., 2022; Trajkovi¢ et al., 2020) it is possible the
improvements were due to training stimulus outside of the FIFA 11+. The coaching from the
respective coaches used in the studies could have created situations where players involved were
exposed to high intensity CODs in their respective sport specific training sessions. An example
of this is rapid whole-body movements with change of velocity or direction in response to trying
to win back possession from an opponent during a small sided game during a football drill. As
previously mentioned, movements in part 2 of the FIFA 11+ use slower tempo movements with
limited exposure to the velocities or loads an athlete would experience in their given sport during
a match or competition. Another explanation for the significant improvements reported,
especially in Trajkovi¢ et al. (2020) with a short 4-week training intervention, is the potential low
training age of the participants. Both studies used participants with an average age of 11.2 and
10.9 years old, respectively, and it is likely the participants had limited training experience for the
exercises in part 2. This training age status would mean that any new training stimulus could
cause an adaption at a rate that participants with a higher training age, or with a significant level
of physical training experience, would not necessarily be able to achieve (Bompa et al., 2018;

Selye, 1950).

Overall, there is conflicting evidence surrounding the effectiveness of the FIFA 11+ at enhancing
COD/agility. The different study lengths suggests again there is no optimal intervention period
to elicit adaptations, if any, and any positive changes in the respective studies may have been due
to confounding factors, rather than the FIFA 11+’s effectiveness at enhancing physical
performance. Further research into the effectiveness of the FIFA 11+ as a training intervention to
develop COD ability is needed with a more specific testing protocol assessing isolated COD, i.e.,
505 COD deficit (the time taken to turn is the direct measure rather than also including the time
to linearly sprint in to and out of the turn being included). Again, females are underrepresented in

the research.
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Jump performance and Plyometrics

Ten studies included jump testing in their testing batteries. Vertical jump variations were used in
nine studies (Akbari et al., 2018; Impellizzeri et al., 2013; Lopes et al., 2019; Lopes et al., 2020;
Nawed et al., 2018; Nuhmani, 2020; Patti et al., 2022; Robles Palazén et al., 2016) and one study

used a horizontal jump variation (Trajkovi¢ et al., 2020).

Patti et al. (2022) and Lopes et al. (2019) both used the static/squat jump (SJ) as a vertical jump
measure which is generally used to assess concentric-only jump performance due to the removal
of the reactive SSC (McGuigan, 2019). This is generally executed by the participant holding a set
squat position for 2-3 seconds. The SJ provides information about leg power performance
(Anderson et al., 1993; Young, 1995). Patti et al. (2022) and Lopes et al. (2019) found that over
an eight-week and 10-week training intervention period, respectively, the FIFA 11+ had a
significant effect on jump height in comparison to the CON groups regular warm-up. Both studies
used futsal players, with Lopes et al. (2019) using male participants and Patti et al. (2022) using

females.

Nawed et al. (2018) and Impellizzeri et al. (2013) used the counter movement jump (CMJ) as the
vertical jump test in their respective studies. The CMJ involves the participant performing a
vertical jump by carrying out an eccentric movement followed by a rapid concentric movement.
This process utilises the SSC and the jump height is generally higher than in other vertical jump
variations due to the eccentric utilisation (Bobbert et al., 1996). Nawed et al. (2018) prescribed
the training interventions for 12-weeks at a frequency of five times per week, with the CON
completing regular training and the INT completing the FIFA 11+. Jump height significantly
improved in favour of the INT. Impellizzeri et al. (2013) found no significant difference between

the FIFA 11+ and the CON over nine weeks at a training frequency of three times per week.

da Costa Silva et al. (2015) used both the SJ and CMJ in their testing battery. It was found that
the INT group that completed the FIFA 11+ at a training frequency of three times per week, for
nine weeks, increased their jump height in both the SJ and CMJ significantly in comparison to
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the CON group’s normal warm-up. This is the only study included in the review that collected
compliance data with all participants completing a minimum of 85% of the prescribed warm-up.
The study’s cohort were male footballers. The high compliance in this study was highlighted as

being one of the primary reasons for the improvements seen in both the CON and INT groups.

Robles Palazén et al. (2016) utilised the drop jump (DJ) as the vertical jump variation in the
study’s testing battery for jump height. The DJ is usually used for measuring the reactive strength
index (RSI) and the subjects ability to tolerate rapid SSC movements (Flanagan et al., 2008;
McGuigan, 2019). In this case, jump height was the metric reported, with the results showing
there was no meaningful difference between the FIFA 11+ (INT) and the regular warm-up (CON).
It was highlighted that the duration of the study (four weeks) may not have created a significant
enough stimulus to elicit chronic positive physical performance measures. A cohort of male
footballers were used and the prescribed training frequency for both interventions was three times

per week.

Standing long jump was the jump variation used by Trajkovi¢ et al. (2020) in the study’s testing
battery. This jump variation is classified as a horizontal jump and can be deemed as being the
most specific jump variation for athletic activities that work in the horizontal plane, such as
sprinting (McGuigan, 2019). The four-week study used male footballers and involved a training
frequency of three sessions a week for both the FIFA 11+ (INT) and the control group’s regular

training. The INT group significantly improved their jump distance in comparison to the CON.

Overall, there is conflicting evidence surrounding the effectiveness of the FIFA 11+ for enhancing
jump performance. The studies included in the review have a wide variety of jump tests that
measure jump height and jump distance. The outcome measures for each jump test are different
and the studies included cannot be compared effectively. In each test, the jump variation’s primary
metric of interest to other practitioners may not be jump height or distance e.g., RSI in the DJ,
and the use of these alternative metrics, if reported, could have helped to explain why certain
changes in participants' performance may or may not have occurred. This would allow for a more
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precise explanation regarding the success or failure of the prescribed intervention (Bishop et al.,

2021), in this case the FIFA 11+,

FIFA 11+ Modifications

Finally, there have been few studies investigating how any modifications to the FIFA 11+ may
impact performance benefits. The study by Asgari et al. (2022) investigated the efficacy of a
modified version of the FIFA 11+ vs. original FIFA 11+ vs. CON that carried out its regular
warm-up. The participants used were young male footballers. The intervention period lasted four
months with all groups involved using a training frequency of three times per week, with the only
performance test in the testing battery being the Illinois agility test assessing COD/agility
performance. The modified FIFA 11+ consisted of four parts (seven, four, four, and five minutes
in length) and the FIFA 11+ consisted of three parts. The first part of the modified FIFA 11+
included core exercises (prone, supine, and dynamic plank), balance exercises, and some strength
exercises. The second part involved straight running, controlled contacts, hip-in and hip-out (with
a higher frequency than the FIFA 11+), a dynamic stretch of hamstring with rotational, and cutting
movements. The third part consisted of the Nordic hamstring exercise, single-leg standing with a
heel-to-toe movement cycle (to optimize the stimulation of mechanoreceptors of the ankle) and
throwing a ball to the partner simultaneously as well as squats (lunges, squat, and single-leg
squat). The last part included agility and plyometric exercises, drop jumps, and countermovement
jumps. The original FIFA 11+ involved a lot of the same exercises as the modified version, but
the modified version had some additional and alternative exercises to the original and was
scheduled slightly differently. The completion time for the modified FIFA 11+ of 21 minutes was

similar to the guided length of the original FIFA 11+ (approximately 20 minutes).

The modified FIFA 11+ group showed significantly better performance improvements in the
Ilinois agility test compared to both the FIFA 11+ and CON groups, and there was no significant
difference between the original FIFA 11+ group and the CON. Due to the extensive modifications
and rescheduling of the modified FIFA 11+ it is hard to isolate which modifications had the
greatest influence on the Illinois agility test performance. However, it is likely the inclusion of
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more ‘true’ plyometric exercises in the modified FIFA 11+ were especially beneficial for running
and COD performance (Asadi et al., 2016; Rimmer et al., 2000). A limitation of this study is again
the use of the Illinois agility test as the Illinois agility test’s efficacy as an agility test has been
questioned due to the lack of unpredictability and cognitive elements involved in its completion,
as well as the significant number of linear sprints which can mask COD performance. Other COD
tests should be considered that isolate the change in direction aspect of the test (Young et al.,
2015). As the Illinois agility test was the only athletic performance test carried out in the study’s
testing battery, there is the need to further investigate if these modifications to the FIFA 11+ can

better enhance strength, speed, and jumping performance.

The limited number of research studies investigating modifications of the FIFA 11+ is surprising
considering its creation was over 15 years ago. There have been significant developments
surrounding the efficacy of certain exercises and actions for certain physical qualities (Hargy et
al., 2019; Malone et al., 2018) during that time and it could be expected that if some of these
changes were made it could improve the FIFA 11+’s effectiveness of improving some physical

performance measures.

Conclusions and implications

The FIFA 11+ has been shown to be an effective injury prevention intervention, however there is
conflicting evidence on its efficacy as an athletic performance enhancement intervention in
comparison to regular sport warm-ups. Additionally, since its inception 17 years ago, most of the
research has used male participants and very few studies have investigated alternative/modified
versions of the FIFA 11+. Due to the amount of conflicting evidence for the FIFA 11+’s efficacy
as a physical performance enhancement intervention further research into an alternate/modified
version investigating its efficacy at enhancing physical performance measures such as strength,
speed, COD/agility, and jump height is needed. Future studies should also look to include the
most appropriate tests for assessing athletic performance that are most relevant to the sport in

guestion and include females.
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Chapter 3: Methods

Experimental Approach to the Problem

This study was a cluster randomised controlled trial conducted during pre-season training and the
start of the 2022 football season in the region’s top woman’s football league. Participant teams
were assigned to either the intervention or control group, and the selection of this allocation was
randomised before baseline testing. Pre- and post-training intervention, participants performed
strength (adductor strength test), speed (5m and 20m), COD/agility (505), and jump (jump height
and reactive strength index) performance tests. Participants were familiarised with both the testing
and training interventions before the experimentation. The training interventions were either a
restructured format of the FIFA 11+ (CON) or a restructured modification of the FIFA 11+ (INT).
Both interventions were split into two parts, a football warm-up done at the beginning of training
sessions and matches, and a strength and conditioning programme done at a time point that
practically suited the study’s participants. Participants’ compliance was recorded each week

through an electronic survey collected at the end of each week.

Participants

Women’s football clubs in the Wellington region were approached to participate in the study.
Requirements for participation was for players to be between the ages of 16-35 years old, and to
have been injury free for six months at the time of baseline testing. Participants were given an
information sheet (Appendix E) as well as an oral presentation explaining the study process, their
role in the process, and the significance of the research. Participants were encouraged to consult
with parents, friends, and coaches before agreeing to participate in the study and were then were

required to sign a consent form (Appendix F) if they agreed to participate.

Seven teams from the Wellington region agreed to participate in the study with a preliminary total
of 100+ players expected to be involved. Due to the sudden outbreak of the COVID-19 virus,
there was a hesitancy surrounding player health and safety, with three clubs withdrawing from
participation. A significant portion of players from the remaining four teams also withdrew from
participation with similar concerns.
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Initially, 29 female participants were recruited to participate in this study. In total, 25 participants
from 4 women’s teams in the Wellington region, New Zealand, completed both pre-and post-
testing and were included in the analysis. The 4 participants that did not complete post-testing
were completing a 7-day isolation period due to the COVID-19 virus. Participants were recruited
through the Capital Football Federation’s senior women’s leagues and a cluster randomised
controlled design was used to minimise contamination bias within teams. Computer-generated
randomisation was employed to ensure unbiased and systematic allocation of clusters which
meant all players from one team were assigned to the same warm-up and training intervention.
Participants were allocated to an intervention (INT: n= 13, age 24.9 +4.0 years; height 164.9 5.8
cm; weight 68.1 £8.0 kg) or control (CON: n= 12, age 20.1 £4.6 years; height 165.1 +4.6 cm;

weight 62.4 £9.0 kg) group.

All teams in the study were involved in pre-season training in preparation for the upcoming
region’s women’s football season. All participants were healthy and free from injury at the time
of data collection and attended football-specific training twice a week with two pre-season games
in the final two weeks of the study period (duration the same for all participants). The age-range
criteria outlined for participation in the study was 16-35 years old. Prior to participation, all
participants and guardians were fully informed of the study procedures before giving their
informed consent and assent. This study was approved by the University Ethics Committee

(21/177).

Interventions

The INT group followed a rescheduled, modified FIFA 11+ programme, while the CON group
followed a rescheduled, original FIFA 11+ programme. Both programmes involved the same part
1 and 3 from the original FIFA 11+ programme developed in 2009 (Bizzini et al., 2015). These
parts involved jogging, dynamic running transition movements and sub-maximal sprinting, and
were to be completed before football-specific training sessions (2x per week) and before matches
(1x per week) (see Appendix A). This was assigned the name ‘training/match day warm-up’. This
training/match day warm-up took approximately 10-15 minutes to complete per session. Part 2,

referred to as the ‘strength and conditioning programme’ (see Appendix B & C), was completed
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at a time of each individual’s choosing, e.g., before football-specific training, at home, and
involved strength, plyometric and balance exercises that could be completed in limited space,

with no additional equipment other than a football.

The CON group carried out the original part 2 from the FIFA 11+ made up of six exercises with
three levels of difficulty (see Appendix B). The exercises included were ‘the bench’, ‘sideways
bench’, Nordic hamstring curl (hamstring exercise), single leg stance, and squats. The ‘bench
exercises’ involved the participants holding the truck part of the body in a straight line off the
ground by supporting themselves on their forearms and toes of their feet. The ‘sideways bench’
was similar to ‘the bench’ but involved the participants turning their body 90° and supporting
themselves on one forearm and on the side of one foot with the other foot stacked on top of the
other. The Nordic hamstring curl involved the participants kneeling on the floor with their hips in
full extension ensuring their body is completely straight from head to knees. With the support of
a partner gripping the lower legs just above the ankle, the participant slowly leaned forwards to
lower themselves to the ground by using their hamstrings to control the descent. The single leg
stance exercises involved participants holding an athletic posture on one leg with a slight flex at
the ankle, knee, and hip and maintaining balance. The squat exercises involved participants
simultaneously flexing at the hips, knees and ankles until knees are flexed to 90° with a slight

forward lean of the torso while ensuring they kept their back straight.

The INT group carried out a modified part 2 which was made up of 7 exercises with one level of
progression (see Appendix C). The exercises included were ‘the bench’, glute hip thrust, adductor
Copenhagen exercise, unilateral squat, bilateral squat, plyometrics, Nordic hamstring curl. "The
bench’ and the Nordic hamstring curl exercises in the INT programme were the same as the CON
groups’ exercises. The glute hip thrust involved participants lying on their backs with their knees
bent with feet hip-width apart. Driving through the heel and engaging the gluteal muscles, the
hips raised off the floor into an extended position where the torso and the thighs created a straight

line to the knees. The adductor Copenhagen exercise involved the participants lying with their
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forearm used as support on the ground with their upper leg being held by a partner holding their
leg with one hand supporting the ankle and the other hand above the knee. The participants then
raised their hips off the floor and held a position where an imaginary line could be drawn through
the mid-point of their body. The glute hip thrust and Copenhagen exercises were included to
provide direct strengthening of the hip complex for participants as they challenged the
musculature surrounding the hip in multiple planes of movement (Neto et al., 2019; Whalan et
al., 2020). The unilateral squat involved the participant taking a foot position hip width apart
ensuring toes were pointed straight ahead. A staggered stance position was then taken with one
foot positioned in front of the body and the other behind. The participant would then descend to
a point where the thigh was parallel to the floor and the rear leg’s knee is just behind the hip.
While maintaining balance, the participant would then push through the midfoot of the front foot
to ascend back up and return to the starting position while continuously maintaining an erect torso.
The bilateral squat involved participants placing their feet hip-width apart and taking an upright
posture. The participant would begin the descent by simultaneous flexing at the ankle, knee, and
hip while ensuring their knees did not buckle inwards. Once the knees reached 90° the participant
would then return to the starting position by extending at the ankle, knee, and hip. The use of both
squat variations, allocated separately (compared to the CON programme) in exercise slots in the
strength and conditioning programme, created increased opportunities for participants to develop
symmetry in strength and balance in both legs to enhance proprioception, joint and core stability,
and develop their ability to effectively produce force on both legs and on one. The plyometric
exercises involved the participants carrying out both the linear and lateral leaps in the same
session ensuring ground contacts were on the balls of the feet and ground contacts were as
explosive as possible. These exercises were the only exercises that involved both stage 1 and stage
2 to be completed in the same session and were not prescribed as progressions or regressions.
These plyometric exercises involved both horizontal, lateral, and vertical force production
compared to the CON plyometric exercises. It has been shown that including a variety of
plyometric exercises induces greater performance improvements in sprinting compared to solely
prescribing vertical or horizontal plyometric exercises in isolation (Ramirez-Campillo et al.,
2015; Singh et al., 2013). The inclusion of this variety of plyometrics also aligns to the research
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carried out by Brughelli et al. (2008) surrounding the positive influence on performance of
exercises that closely mimic the demands of specific COD exercises. Further, these plyometric
exercises, as well as the variety of other exercise modes (strength and stability exercises) in the
INT programme have been shown to be crucial in reducing knee injuries in women, in particular

anterior cruciate ligament (ACL) injuries (Sugimoto et al., 2015).

In both the CON and INT programmes participants would progress to the next level of difficulty
once movement could be completed in the specified repetition range with an adequate level of
competency. Throughout the study period the primary researcher consistently visited the football
teams to give guidance to players on when to progress to the next level of exercises in the strength
and conditioning programme. Re-ordering the parts of the FIFA 11+ has been recommended
previously and has been shown to be successful (Veith etal., 2021; Whalan et al., 2019b). Whalan
et al. (2019b) showed that rescheduling part 2 to the end of training sessions improved player
compliance, and Veith et al. (2021) demonstrated that rescheduling part 2 outside of the training
environment e.g., at home, elicited similar performance improvements to part 2 being carried out

in the training session.

Testing Procedures

All testing was conducted during the pre-season phase at an indoor training facility on a hard
indoor football surface. All participants were advised to wear general training shoes. The tests
included the adductor squeeze test, 5, 10 and 20m straight line sprints (split times), 505 (change
of direction speed) and jump performance (vertical and reactive strength index). All test protocols
selected for this study have been used in previous research or are commonly used performance
tests in football testing batteries (Bizzini et al., 2013a; Impellizzeri et al., 2013; Trajkovic¢ et al.,
2020; Turner et al., 2011; Walker et al., 2009). To ensure consistency, all testing protocols and
instructions for all tests were administered by the same person at the pre- and post-testing stages
of the study and standardised instructions and protocols were used for each test. Participants

performed a standardised 10-minute warm-up that prepared them for the upcoming battery of

33



tests. The warm-up included dynamic stretching, linear running, COD and jumping exercises that
replicated the movements the participants would be carrying out in the upcoming testing battery.
After the warm-up three recorded trials were performed for each test. Before each test,
participants went through a familiarisation protocol. The best performance for each test was used
for analysis. Adequate inter-test intervals (30 seconds to three minutes) were included to ensure
participants were fully recovered between trials. All tests were performed following a period of
24-48 hours of rest from physical activity to ensure participant readiness for testing was optimised

(Ryan et al., 2019).

Adductor Squeeze Strength Test

Participants were positioned in a crook-lying position with a single pillow behind their lower back
and arms folded across their chest. The participants hips were positioned in 45° flexion with knees
flexed at 90° (Nevin et al., 2014). A sphygmomanometer (Delahunt et al., 2011) (Welch Allyn
DS44, New York, USA), pre-inflated to 10mmHg, was placed between the participants knees.
The participant was instructed to squeeze the cuff as hard as they could. The highest-pressure
value displayed was then recorded and two minutes was allowed between each trial to ensure
adequate recovery. The test was performed three times. Delahunt et al. (2011) showed that a
commercially available sphygmomanometer was a reliable tool for assessing adductor squeeze
values. The study indicated that 45° of hip flexion represented the optimal test position, with

intrarater reliability (ICC value) of 0.92 (95% CI = 0.82, 0.97).

Linear Acceleration/Speed

Linear sprint times (s) were recorded at 5, 10, and 20m using electronic timing lights (D’ Auria et
al., 2006) (Smart Speed; Fusion Sport Pty, Ltd, Brisbane, Queensland, Australia) and measured
to the nearest 0.01 seconds. 5Sm and 20m times were collected to measure participants’ initial
acceleration (early) and secondary acceleration (late), respectively, as recommended by Brown et
al. (2004). The 10m time was measured to calculate the 505 COD deficit. Participants started in

a two-point static stance (football-specific start position), 30cm behind the first timing lights, to
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ensure no rocking prior to the start of the test. Participants carried out three trials that were
separated by three minutes of recovery to ensure optimal performance for each trial. The use of
electronic timing gates has been shown to have high reliability for measuring speed (coefficient

of variation (CV)= 1% ) (Waldron et al., 2011).

Change of direction

The 505 COD test was used as a measure of the participants’ ability to change direction 180°,
and was chosen due its football-specific replication of a footballer transitioning in general play
from attack-to-defence, or vice versa. This specific COD test has been highlighted as a test that
better isolates COD ability in comparison to some of the more frequently used COD/agility
tests, such as the Illinois agility test and the T-test, which involve relatively large amounts of
linear sprinting and multiple changes of direction (Nimphius et al., 2018). Participants started in
a two-point static stance (football-specific start position), 30cm behind the start line, to ensure
no rocking prior to the start of the test. Participants sprinted through the timing gates to the
turning line, indicated by a line marked on the indoor training facility’s floor, turning with their
foot on or behind the line. Participants alternated turns off right and left foot for each trial. An
assistant researcher was positioned in line with the turning line to ensure participants hit the
turning line correctly and did not turn off the incorrect foot. If either happened, the trial was
disregarded, and the participant reattempted after appropriate recovery time. Participants carried
out six trials in total, with each trial separated by three minutes of recovery to ensure optimal
performance. The test was recorded using electronic timing lights (Smart Speed; Fusion Sport
Pty, Ltd, Brisbane, Queensland, Australia) and measured to the nearest 0.01seconds. The side
with the fastest time was defined as the preferred side, whereas the other side was the
nonpreferred side (Nimphius et al., 2016). Nimphius et al. (2016) also suggested that the COD
deficit seems to provide a more isolated measure to better identify an athlete’s ability to change
direction due to reducing the effect of linear sprinting time within the 505 test. The COD deficit

for the 505 for each leg was calculated using the formula: 505 time — 10m linear sprint time.
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The use of electronic timing gates has been shown to have high reliability for this test (CV = 1%

- 1.13%) (Waldron et al., 2011).

Vertical Jump Height

Unloaded CMJ were used to record vertical jump height (VJH). To assess participants
performance, two separate FD4000 750mm x 250mm force plates (Vald Performance, Brisbane,
Queensland, Australia) were used, one for each foot. The force plate data was collected and
analysed using ForceDecks software (Vald Performance, Brisbane, Queensland, Australia) with
all data collected at a sampling rate of 1000Hz. Force plates have been shown to be the ‘gold-
standard’ for reliability for these tests (Sands et al., 2020). The participants were instructed to
have their hands on their hips and squat down to a self-selected depth and jump as high and as
fast as possible. The participants were advised that they must keep their hands on their hips
throughout the full jump movement for the jump to be recorded. They completed two
familiarisation practice jumps before completing three maximal effort CMJs, with approximately
30seconds rest between each jump. Jump height is determined by finding total flight time and
using the following equation: jump height (JH) (cm) =% g (/2)%. g = 9.8 Im-sec®and t = time in
the air (Moir, 2008). The CMJ has been shown to be an extremely reliable jump test in similar

athletic populations (CV = 2.8%; ICC = 0.98) (Markovic et al., 2004).

Reactive Strength Index

Unloaded DJ were used to record RSI (Flanagan et al., 2008), an indicator of an athlete’s ability
to switch from an eccentric to a concentric contraction (Young, 1995). This is representative of
the athlete’s ability to utilise their SSC for dynamic and explosive movements. The participants
were instructed to start by standing on a box set at a standardised height of 30cm and with hands
on hips, facing towards the force plates. The participants were instructed to step out and off the
box and then jump up as fast as possible after contact with the force plates to make sure their
jump was the highest possible. The participants were advised they must maintain their hands on

their hips throughout the full jump movement for the jump to be recorded. They completed two
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familiarisation practice jumps before completing three maximal effort DJs, with approximately
30 seconds rest between each jump. RSI was determined by finding total flight time and ground
contact time: JH (cm) / ground contact time (sec?). Flanagan et al. (2008) demonstrated the RSI

to be a high reliable test, especially across multiple trials in team sport athletes (ICC = >0.95).

Compliance

During the study, participants were required to answer two multiple-choice questions at the end
of each training week (Sunday) on their compliance to the assigned training programme. There
were four multiple choice answers for both questions, 0, 1, 2, and 3. The application used was
Microsoft Forms (Microsoft, Redmond, Washington, USA) and this was submitted to the lead
investigator every Sunday throughout the intervention

The questions were as follows:

Question 1: How many times did you complete the football training/match day warm-up in the
last week?

Question 2: How many times did you complete the strength and conditioning programme in the

last week?

Statistical analysis

Statistical analysis was performed using the open-source software, JASP (Version 0.16.3).
Descriptive statistics for the CON and INT groups were presented as means+standard deviation
(SD). A 2-way repeated measures analysis of variance (RMANOVA) was selected to detect
within groups (i.e., control and intervention) and between group differences (i.e., pre- and post-
intervention), and whether a groupxtime effect was present, across the range of dependent
variables (adductor squeeze strength, 5m sprint time, 20m sprint time, 505 COD deficit, VJH,

RSI). The threshold for significance was set at p< 0.05 for all analyses.

While the data typically met the assumptions for the RMANOVA, several variables deviated from

normality (e.g., detected via Q-Q plots and Shapiro-Wilk test scores, p< 0.05), and featured
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outliers (preliminarily assessed via boxplots). In the former instance, this violation was judged
permissible due to the relatively minor violations of normality (p= 0.04 to 0.02) and the relative
robustness of the RMANOVA model. In the latter case, the outlier points were initially examined
to ensure they were logical, and further classified using £2SD cut-offs; of the few points that
remained after further classification (adductor squeeze test, n= 2; 5m sprint time, n=6; 20m sprint
time, n= 3; 505 COD deficit preferred, n=3; VJH, n= 3; RSI, n= 3), their practical influence on
the result was judged to be null by comparing the impact of their removal on the outcome statistics

with that of including them. For these reasons, all data was included in the final analyses.

Within the RMANOVA, attention was placed on the within-between interaction effect (i.e.,
groupxtime) to explore if there was a significant difference in the pre- and post- intervention
change of each dependent variable by experimental groups (i.e., to determine it the impact of the
warm-ups differed between CON and INT). The value of the F-statistic was also explored to check
the equality of means between the two groups. Omega-squared (»?) and 95% confidence intervals
(CI) were used to interpret the magnitude of effects within the RMANOVA model (time, group
and groupxtime), with their qualitative magnitude assessed as »?< 0.2 (trivial), 0.2-0.59 (small),

0.6-1.19 (moderate), 1.2-1.99 (large), >2.0 (very large).

Post-hoc analyses, using Holm’s correction for multiple comparisons, were used to detect the
magnitude of the pairwise differences of pre- to post-test scores, by group. Particular attention
was placed on those outcomes for which it was established that there was an interaction effect.
Differences in raw values were presented with their corresponding 95% CI alongside the
respective p-values. Cohens d effect sizes (d) were used to interpret the magnitude of difference,
with the following scale used to aid in interpretation: d< 0.2 (trivial), 0.2-0.59 (small), 0.6-1.19

(moderate), 1.2-1.99 (large), >2.0 (very large) (Hopkins et al., 2009).
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Chapter 4: Results

Compliance

The mean session compliance for the control group (CON) was 79.3% +11.3 and 34.5% +2.2 for
the warm-up and S&C sessions respectively. The mean session compliance for the intervention
group (INT) was 84.3% +11.3 and 34.5% %13.9 for the warm-up and S&C sessions respectively

(Table 2).

Table 2. Mean session compliance percentages in CON and INT groups

Control Group (N=12) Intervention Group (N=13)
Warm-ups S&C Sessions Warm-ups S&C Sessions
Completed Completed Completed Completed
Mean 79.3% 34.5% 84.3% 45.3%
Std. Deviation 11.3 2.2 11.3 13.9

Within group differences

In the INT group there were significant changes in three of the performance tests (Table 3). In the
505 COD deficit preferred foot times there was a moderate increase in performance (d=1.29; <
0.001) and in the 505 COD deficit non-preferred foot times there was a large increase in
performance (d= 1.50; p< 0.001). There was a moderate increase in performance in the RSI (d= -

0.74; p=0.04) .

In the CON group there were significant changes in three of the performance tests. There was a
moderate decrease in performance in the adductor strength measure (d= 0.70; p< 0.001), a
moderate decrease in performance in the 5 m sprint time (d=-1.04; p=0.01) and a small decrease
in performance in 20 m sprint time (d=-0.59; p= 0.04) (Table 3). All within-group differences for

both the INT and CON groups are graphically displayed in figures 3 and 4.
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Table 3. Mean pre-post differences in CON and INT groups

Control Group (N=12)

Post-hoc within-group

Pre Post Difference ES ES qualitative
mean £SD mean £SD mean + 95% CI p Cohen'sd descriptor

Adductor Strength (mmHg) 145 +£19.66 130.33 £16.29 -14.66 (-23.07; -6.26) <0.001 0.7 moderate decrease
5m (s) 1.12 +0.07 1.19 +0.10 0.07 (0.02; 0.13) 0.01 -1.04 moderate increase
20m (s) 3.51+0.14 3.60 +£0.16 0.09 (0.00; 0.17) 0.04 -0.59 small increase
505 COD Deficit Preferred (s) 0.65 +0.07 0.72 £0.14 0.07 (-0.10; 0.15) 0.06 -0.75 moderate increase
505 COD Deficit Non-Preferred (s) 0.70 £0.08 0.67 +£0.08 -0.03 (-0.11; 0.05) 0.59 0.34 small decrease
CMJ Jump Height (cm) 23.58 £3.47 24.14 +4.03 0.56 (-1.60; 2.71) 0.50 -0.11 trivial increase
DJ RSI 0.72 £0.21 0.75+0.31 0.03 (-0.24; 0.31) 0.72 -0.1 trivial increase

Intervention Group (N=13) Post-hoc within-group

Pre Post Difference ES ES qualitative

mean £SD mean £SD mean + 95% CI p Cohen'sd descriptor
152.31

Adductor Strength (mmHg) +24.12 157.69 +22.42 5.39 (-2.69; 13.46) 0.20 -0.26 small increase
5m (s) 1.13 £0.05 1.14 +0.06 0.01 (-0.04; 0.06) 1.00 -0.12 trivial increase
20m (s) 3.36 +0.14 3.35+0.14 -0.01 (-0.09; 0.08) 0.85 0.37 small decrease
505 COD Deficit Preferred (s) 0.64 £0.06 0.51+0.14 -0.12 (-0.20; -0.04) <0.001 1.29 large decrease
505 COD Deficit Non-Preferred (s) 0.72 £0.10 0.57 £0.13 -0.15 (-0.23; -0.07) <0.001 1.50 large decrease
CMJ Jump Height (cm) 29.34 +6.16 30.19 +£6.58 0.85 (-1.23; 2.92) 0.50 -0.16 trivial increase
DJ RSI 1.02 £0.30 1.28 +0.50 0.26 (-0.01; 0.52) 0.04 -0.74 moderate increase

Values are mean +SD; ES= effect size; Cl= confidence interval; ES= effect size; COD= change of direction; CMJ= counter movement jump; DJ= drop jump; RSI= reactive strength
index; ES Magnitude: d< 0.2 (trivial), 0.2-0.59 (small), 0.6-1.19 (moderate), 1.2-1.99 (large), >2.0 (very large)
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Between group differences

There were statistically significant between-group differences in the pre-post change for five of
the performance tests (Table 4). There was a trivial difference in four tests; the adductor strength
(»?=0.05; p<0.001) in favour of the INT group, 5 m sprint time (w?= 0.04; p= 0.02) in favour of
the INT group, 20m sprint time (w?= 0.02; p= 0.04) in favour of the INT group, and the 505 COD
deficit non-preferred foot time (w?= 0.07; p= 0.01) in favour of the INT group. There was a small
difference in one test; the 505 COD deficit preferred foot time (w?= 0.21; p< 0.001) in favour of
the INT group. Changes in all other performance outcomes did not differ significantly between

the two groups.
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Table 4. Between group differences

Analysis of Variance

Group Time Group x Time
F p 0% F P Ik F p %
Adductor Strength (mmHg) 454  0.04 0.07 trivial 5.28 0.03 0.01 trivial 24.64 <0.001 0.05 trivial
5m (s) 0.77 039 0.00 trivial 9.49 0.01 0.07 trivial 5.90 0.02 0.04 trivial
20m (s) 13.86 0.00 0.21 small 3.67 0.07 0.01 trivial 4,72 0.04 0.02 trivial
505 COD Deficit Preferred (s) 11.75 0.00 0.18 trivial 1.64 0.21 0.01 trivial 23.91 <0.001 0.21  small
505 COD Deficit Non-Preferred (s) 127 027 0.01 trivial 23.62 <0.001 0.18 trivial 9.34 0.01 0.07 trivial
CMJ Jump Height (cm) 825 0.01 0.13 trivial 1.84 0.19 0.00 trivial 0.08 0.78 0.00 trivial
DJ RSI 11.73 0.00 0.18 trivial 4.92 0.04 0.04 trivial 2.89 0.10 0.02 trivial

COD-= change of direction; CMJ= counter movement jump; DJ= drop jump; RSI= reactive strength index; w? Magnitude: < 0.2 (trivial), 0.2-0.59 (small), 0.6-1.19

(moderate), 1.2-1.99 (large), >2.0 (very large)
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Figure 3. Pre- and Post- mean scores for CON and INT groups in running based performance measures (a) 5m sprint times; (b) 20m sprint time; (c) 505
COD deficit preferred foot time; (d) 505 COD deficit non-preferred foot time
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Chapter 5: Discussion

This thesis aimed to determine if a modified part 2 of a rescheduled FIFA 11+ would improve
physical performance measures in female footballers in comparison to a rescheduled original
FIFA 11+ part 2. The main finding was that the modified, rescheduled FIFA 11+ programme was
as effective at improving some specific physical performance measures in female footballers as
the rescheduled, original FIFA 11+ programme. There was a statistically significant difference
between the INT and CON pre-post change scores in five performance tests, in favour of the INT
group in all five tests. The tests in question were the adductor strength test, 5m and 20m sprint

times, and both the preferred foot and non-preferred foot 505 COD deficit times.

The adductor strength test showed a significant moderate decrease in the CON group (d=0.7; p<
0.001), and no significant change in the INT group (d=-0.26; p= 0.20). It is likely the significant
difference observed between groups (p< 0.001) was mostly due to a decrease in adductor strength
in the CON. It must be noted that the between group difference in adductor strength was trivial
(w?=0.05) and thus may not be practically meaningful. Whalan et al. (2020) highlighted the need
for an exercise in the original FIFA 11+ targeting the hip and groin region, specifically the
Copenhagen adduction exercise, due to the high prevalence of groin injuries in footballers
(Whalan et al., 2019a). The Copenhagen adduction exercise was included exclusively in the INT
group’s strength and conditioning programme as it has been shown to be a highly effective
exercise for strengthening the groin and hip region and reducing injuries in this area (Hargy et al.,
2019; Hargy et al., 2017). This research would support the inclusion of the exercise in the INT
programme, however the INT compliance in completing the strength and conditioning

programme was low so at best it may be deemed as appropriate to maintain adductor strength.

Changes in sprint performance was significantly different between groups for the 5m (p= 0.02)
and the 20m (p= 0.04), however the ES for both distances were trivial (5m, m?= 0.04; 20m, ®?=
0.02) and consequently these differences are unlikely to be practically meaningful. The within-

group sprint performances significantly decreased in the CON group (5m, d= -1.04; 20m, d= -
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0.59) and remained unchanged in the INT group. Thus the significant between-group difference

was likely due to a decrease in performance in the CON group.

Neither the INT or CON warm-up programmes involved exposures to maximal or near maximal
velocity sprinting, with the highest directed running efforts being between 75-80% as directed in
both programmes. It has been shown that frequent exposure to sprinting can improve sprinting
kinetics and kinematics, and maximal sprint speed due to improve force generating capacity and
greater lower extremity tendon stiffness (Talukdar et al., 2022). Exposure to maximal sprinting
has also been shown to adequately prepare athletes for maximal velocity situations in match-play
and also reduce injury risk (Malone et al., 2017a). Due to the absence of these running exposures,
it is likely that the INT programme was more effective at maintaining participants initial
acceleration (5m) and later stage acceleration (20m) through more effective strength and
plyometric exercises compared to the CON programme. There are obvious limitations with both
programmes due to the nature of the FIFA 11+’s guidelines of no specific equipment (e.g.,
resistance bands, dumbbells) being required to complete the three parts of the programme. This
limitation creates a challenge in creating an appropriate stimulus to enhance performance
capabilities. Progressive overload is a major component in ensuring continuous development in
athletes (Pearson et al., 2000), and the use of equipment to create external resistance, such as the
use of barbells and dumbbells for resistance training, is generally the primary method used in
strength and conditioning to create progressive overload. In situations when using external
resistance is not an option, there needs to be some modification to an exercise that can challenge
the homeostatic status of an athlete. One method of progressive overload used in the INT
programme was the emphasis on certain aspects of exercises being completed at higher intensity,
such as the ascending ballistic movement of a squat jump. In comparison, the CON programme
involved more controlled and slow tempo like-for-like movements, such as the squat with toe
raise. The more intense, explosive movements in the INT programme should have a more
significant effect on sprinting performance (Delecluse etal., 1995) by optimising more fast-twitch
muscle fibre recruitment (Harris et al., 1994). This could explain why the INT group maintained

initial acceleration (5m) and late acceleration (20m) qualities better than the CON group when
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maximal and near maximal sprint exposures were absent in both programmes, however the

significance of the decrease in times in the INT may not be practically meaningful.

Both programmes involved bounding which is a plyometric exercise highly specific to running
performance (Rimmer et al., 2000). The INT S&C programme had plyometric exercises that
require both vertical and horizontal propulsion when moving through the SSC, whereas the CON
S&C programme involved more vertical propulsion. The lack of horizontal plane plyometric
exercises in the CON S&C programme, alongside the lack of maximal or near-maximal sprinting
exposures, may have caused the drop in performance in both the 5m and 20m sprint times.
Ramirez-Campillo et al. (2015) and Singh et al. (2013) both highlighted that combining vertical
and horizontal plyometric exercises is more advantageous to induce greater performance
improvements in sprinting compared to solely prescribing vertical or horizontal plyometric

exercises in isolation.

Results from previous research investigating the effectiveness of the FIFA 11+ as a performance
enhancer for acceleration and speed is conflicting with several studies reporting no significant
improvements when comparing the FIFA 11+ to a ‘regular football warm-up’ (Impellizzeri et al.,
2013; Lopes et al., 2019; Nuhmani, 2020; Robles Palazon et al., 2016; Trajkovi¢ et al., 2020).
Nuhmani (2020) specifically used amateur female participants and found the FIFA 11+ should
not be used as a training strategy to improve the sports performance parameters of sprint speed,
agility, and vertical jump height. The intervention period prescribed to participants in this study
was 12-weeks at a weekly training frequency of three times per week, which would suggest that

the FIFA 11+ does not contain enough training stimulus to elicit changes in sprint performance.

In the 505 COD deficit preferred foot times there was a clear and large significant difference
observed between groups (p< 0.001; w?= 0.21). The within group post-hoc analysis showed a
moderate negative effect (increase in time) on performance in the CON group (d=-0.75; p= 0.06)
and a large positive effect (reduction in time) on performance in the INT group (d= 1.29; p<
0.001). Thus it is likely the difference between groups is mostly due to the decrease in

performance in the CON group and the increase in performance in the INT group.
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In the 505 COD deficit non-preferred foot times there was also a clear difference between groups
(d= 0.07; p= 0.01), however the ES was trivial (w?= 0.07) and thus may not be practically
meaningful. Post-hoc analysis showed no significant changes in the CON times (d= 0.34; p=
0.59) and a large significant performance improvement (reduction in time) in the INT (d= 1.50;
p< 0.001). Thus, it is likely the difference between groups is due to the increase in COD

performance by the INT in comparison to the CON.

The 505 COD deficit test has been highlighted as a test that better isolates and provides a more
specific measure of an athlete’s ability to change direction in comparison to some of the more
frequently used COD/agility tests such as the Illinois agility test and the T-test (Nimphius et al.,
2018). Previous research on the performance enhancement of COD/agility capabilities of the
FIFA 11+ have primarily used the Illinois agility test and T-test (Ayala et al., 2017; Impellizzeri
et al., 2013; Lopes et al., 2019; Nawed et al., 2018; Nuhmani, 2020; Patti et al., 2022; Trajkovi¢
et al., 2020). The results observed in the CON group (original FIFA 11+) were consistent to past
studies (Ayala et al., 2017; Impellizzeri et al., 2013; Lopes et al., 2019; Nawed et al., 2018;
Nuhmani, 2020). Generally the durations of these studies were more than long enough (>9 weeks)
for participants to develop an adaption as long as the individual session training stimulus was
adequate enough to cause an adaptation (Cunanan et al., 2018; Selye, 1950). In these cases, the
FIFA 11+ was either not a significant stimulus to cause an adaptation, or was inadequate at

developing COD/agility.

The INT group’s S&C programme included specific lateral plyometric exercises that could
potentially explain the INT performance improvements in both tests (preferred and non-preferred
foot) due to the nature of the 180° turn in the 505 COD test. Brughelli et al. (2008) highlighted
the significance of exercises that closely mimic the demands of specific COD exercises and the
positive influence these exercises could have on performance. This aligns with the theory of
training transfer and the extent to which the training intervention in question affects sporting
performance, or in this case influences performance in the 505 COD test (Issurin, 2013). Thomas
et al. (2009) investigated the effect of plyometric exercises on agility in youth football players

and utilised the 505 COD test. The study indicated that plyometric exercises (CMJ and DJ) could
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improve footballer’s agility and recommended the inclusion of these type of highly dynamic SSC
exercises as part of football warm-up routines. The nature of the ‘true’ plyometric exercises
prescribed in the INT programme that involve rapid pre-stretch (eccentric movement) of the
muscle (Luebbers et al., 2003; Markovic, 2007) in comparison to the less dynamic jumping
exercises in the CON programme, suggests the INT is more effective at developing COD/agility
performance. Also as previously mentioned, the emphasis in the INT programme on
explosiveness in certain movements compared to the CON programme may also have had an
effect on the participants performance in the 505 COD test, especially in the exit from the 180°
turn in the initial acceleration phase towards, and through, the timing gates at the 5 m mark. In a
competitive football environment, these improvements in the INT group’s COD/agility ability
would mean they could potentially become better at evading opposition defenders when attacking
and better at marking opposition attackers when defending. The speed at which modern day
football is played also means that improvements in footballers COD/agility, specifically through
180° turn, would also have a positive influence on the effectiveness of a team’s transition from

attack to defence, or vice versa.

There was no significant difference between groups in the CMJ JH, however we did observe that
the baseline performance in the INT was much better than in the CON group. In theory the INT
group’s adaptation potential would be lower than the CON due to their higher baseline score
(Baker, 2013; Haff et al., 2015; Hoffman, 2014). Both the INT (d=-0.16) and CON (d=-0.11)
improved their JH to a similar magnitude but due to the higher baseline in the INT, it could be
suggested they would have diminished returns in comparison to the CON if both groups received
the same training programmes with the same volume and intensity i.e. the same training stimulus.
However, both groups received different programmes to follow for the length of the study, with
the INT group following the modified FIFA 11+ and the CON following the original FIFA 11+.
This would suggest that the S&C intervention prescribed in the INT programme was more
effective at inducing performance increases in JH in the CMJ in comparison to the CON group.
Impellizzeri et al. (2013), da Costa Silva et al. (2015), and (Nawed et al., 2018) all showed a

significant difference in JH in the CMJ test in favour of the FIFA 11+ vs. regular warm-up. As

49



previously mentioned, the more intense and explosive movements in the INT programme would
have a more significant effect on sprinting performance (Delecluse et al., 1995) by optimising
fast-twitch muscle fibre recruitment (Harris et al., 1994). This could explain why the INT S&C
programme may be more effective at developing jump performance compared to the already

effective FIFA 11+.

There was no significant difference between groups in the RSI pre-post change scores, however
the post-hoc analysis does show a moderate increase pre-post in the INT group (d=-0.74; p=0.04)
compared to no significant difference pre-post in the CON (d= -0.1; p= 0.72). This is a similar
narrative to CMJ performance where the INT baseline performance was higher than in the CON
so in theory it should have been harder to improve the groups baseline scores (Baker, 2013; Haff
etal., 2015; Hoffman, 2014). The modified FIFA 11+ is potentially a more effective intervention
at improving RSI performance compared to FIFA 11+. However further investigation using a
larger sample size may give a more definitive answer as to whether the CON and INT programmes
are effective at enhancing RSI performance. Healy et al. (2018) advised that implementing upper
and/or lower contact time thresholds to accurately compare performance between RSI tests would
help give a more definitive answer on whether there have been improvements in RSI performance.
In this study there may have been a significant difference between groups if thresholds had been

implemented in the testing procedure.

Compliance in both programmes was recorded by each individual participant in two parts, warm-
ups completed, and S&C sessions completed. The warm-up was scheduled to be completed three
times per week and was led by the coach. The S&C programmes were scheduled to be completed
at a time that suited the participant with a minimum frequency of two times per week and a
maximum frequency of three times per week. The INT group completed 84.3% of the scheduled
warm-ups and 45.3% of the scheduled S&C sessions. The CON group completed 79.3% of the
scheduled warm-ups and 34.5% of the scheduled S&C sessions. During the duration of the study,
participants in both groups were impacted by the COVID-19 pandemic, whether that being
through illness and/or restrictions implemented to restrict community transmission. This resulted

in compliance in both groups being lower than the suggested frequency outlined at the beginning
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of the study. As the S&C programme was self-directed rather than led by the team’s coach, a high
level of autonomy was required which may have impacted adherence. Veith et al. (2021) carried
out a similar study using elite male youth academy footballers in an investigation on the
rescheduling of the FIFA 11+ part 2 (S&C programme equivalent) being completed at home. The
compliance for the home group was 87%. A possible reason for the low compliance in the current
study compared to the Veith et al. (2021) study could be the recreational level of the footballers
and the level of importance placed on completing the S&C part of the programme when
competing with demanding everyday life challenges such as work commitments and family life.
The reduction in performance in some of the performance tests in the CON was likely due to the
dose-response effect (Busso, 2003; Calvert et al., 1976), with the CON training dosage not
adequate enough to elicit a training effect. The INT group’s compliance to the S&C programme
is also low, however the volume and intensity experienced in each individual session completed
may have been sufficient to develop the tested physical performance parameters. As the self-
directed S&C components were to be completed during participants’ personal time, it may not
have been a priority due to other competing aspects of their everyday lives. The original
guidelines for the FIFA 11+ were for all three parts to be completed in sequential order (Part
1>2>3). If the guidelines in this study had been to complete the football warm-up and the S&C
component together at football training sessions, higher compliance may have been achieved due
to the full programme being directly delivered by the football coach and completed in the team
environment. Further research in to improving compliance of the FIFA 11+, or other
modifications, is suggested as this is crucial to optimising the real-world effectiveness of the

programme.

The results of this study have shown that the modified FIFA 11+ has some potential to enhance
physical performance compared to the original FIFA 11+, however more research is needed. A
larger sample size, and greater compliance from participants is needed to clarify whether or not
the modified FIFA 11+ is more effective than the original FIFA 11+ at enhancing physical

performance.
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Chapter 6: Conclusion and Practical Applications

General Summary

In summary, this study provides some limited evidence that the implementation of a rescheduled,
modified FIFA 11+ programme over an eight week intervention period is as effective at
improving some specific physical performance measures in female footballers as a rescheduled,
original FIFA 11+ programme. Players performing the modified FIFA 11+ programme (INT
group) improved their agility/COD performance but did not significantly improve other physical
performance characteristics (adductor strength, 5m and 20m sprint time, jump height, and reactive
strength index). The differences between the groups were mostly trivial (except the small
difference in 505 COD deficit preferred foot times) so were not considered practically
meaningful. The compliance of participants in completing the warm-up aspect of each programme
was adequate and met the guided weekly training frequency, however the compliance to the
strength and conditioning programmes in both the control group (CON) and intervention group

(INT) were low and may not have reached the minimum dose required to produce a training effect.

Limitations

There were limitations to this study that should be considered when interpreting the results. Three
prospective teams declined the opportunity to be involved in the study in the week leading into
the pre-testing battery due to the COVID-19 outbreak in New Zealand. Some players from teams
that committed to full participation in the study also dropped-out due to hesitation surrounding
the outbreak and potential transmission. These unanticipated drop-outs meant that the sample size
was significantly smaller than originally planned and this could have increased the likelihood of

type Il error or failure to clearly show an effect when there may have been one.

Due to the nature of the study’s self-directed strength and conditioning programme for both
groups, the compliance was lower than the guided training frequency. This would have had a
negative effect on the magnitude of the training effect for both groups and would suggest that if
participants had completed the directed frequency, their physical performance could have

improved more significantly.
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Another limitation is that the participants menstrual cycle was not monitored. Monitoring each
individual’s menstrual cycle throughout the duration of the study may have given a better
understanding of how their cycle affected their physical performance and psychological status,
and testing and training could have been optimised to better obtain a greater adaptation. Research
has shown that certain stages of the menstrual cycle, particularly the early follicular phase, can
have a detrimental effect on exercise performance (McNulty et al., 2020) and monitoring could

have helped the participants train more effectively around this phase.

Alongside the limitation regarding menstrual cycle monitoring, the lack of monitoring of the
participants’ other physical activity and training each week was also a limitation of the study.
This means that we can’t guarantee there was consistency of exposures to other training stimuli

that could have affected the changes in performance measures.

Originally a strength test was proposed to be completed as part of the testing battery to investigate
lower limb strength changes. The isometric mid-thigh pull was identified as the appropriate test
to be used, however due to COVID-19 restrictions, the availability of a fixed bar rack was
removed due to potential transmission at the training facility shared with other athletes and full-

time professional sports teams.

Finally, the CON may not be seen as a ‘true’ control intervention due to the structure/schedule of
the training warm-up and strength and conditioning programme in this study no longer replicating

the original format of the FIFA 11+ that was developed in 2006.

Recommendations for further research
1. Additional research using a larger sample size would be recommended to establish if the
modifications to part 2 elicit more significant performance increases compared to the
original FIFA 11+ part 2.
2. Investigation in to the implementation of the modified part 2 to be completed in the same
training session as part 1 and 3 on compliance and performance measures.
3. Investigation on the effect of the implementation of high speed running exposures in an

appropriate slot in the running exercises of the FIFA 11+ on speed enhancement.
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4. The effect of programme implementation by qualified strength and conditioning
practitioners on physical performance parameters and movement competency compared
to implementation by football/sport specific coaches.

5. Investigation on the effect of compliance through introducing a football in to the FIFA
11+, and making modifications accordingly to accommodate the football’s introduction
and the flow of the warm-up.

6. Suggested investigation in to modifying parts 1 and 3 with alternative running and
movement exercises/drills.

7. Investigation in to the effects of the modified FIFA 11+ on participants with no training
experience, and compare them to a group that have had some level of physical training
experience e.g. > 1 year of training experience.

8. Carry out testing at multiple time points throughout the season to assess progress of
participants. This increased frequency of data collection would help determine if there

are trends in physical performance enhancement or a point of diminishing returns/plateau.

Practical Applications

These results are relevant to football and other team-based sports. The study showed that
completing the modified FIFA 11+ programme over an eight week period was as effective as the
original FIFA 11+ at enhancing an individual’s physical performance, however the results were
not practically meaningful. Therefore, the following recommendations are suggested for football

coaches:

o The modified FIFA 11+’s strength and conditioning programme could be used
independently by recreational athletes in football or other team-based sports to assist with
developing their physical performance if there is not an appropriate structured programme
in place at their respective team/club.

e The nature of the modified FIFA 11+ programme covering the development of fundamental
movements and skills, and the progressive intensity increase that elicits physiological
preparedness makes it an appropriate programme to develop some baseline physical

competency and general athletic proficiency specific to their sport.
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To maximise the programme’s effectiveness for physical development, a training frequency
of two times a week, minimum, is required to ensure enough training stimulus to obtain
positive performance adaptations. Participants with a higher training age would benefit
more from completing the programme three times a week and completing the higher level
exercises as long as quality of movement is maintained.

If possible, football clubs/teams should employ adequately qualified practitioners, such as
strength and conditioning coaches and sport scientists. They can carry out the delivery of
the warm-up and other conditioning aspects of the training session to ensure that all
exercises are executed to the specified intensity and competency to enhance physical
qualities in the players, but also reduce injury risk. The service provided by these
practitioners can go further than just delivery of training sessions but also include continued
advice on progressions and regressions, interventions to help athletes with their recovery
and wellness, and to help drive compliance to prescribed interventions.

Coaches should consider consistent performance testing of players to monitor the
effectiveness of interventions prescribed. These tests should be used to help inform the
coaches on areas of development for individuals, and the team as a whole. Messaging to
players should also emphasise why these tests are being used and should help manage any

potential anxiety that may arise.

55



References

Akbari, H., Sahebozamani, M., Daneshjoo, A., & Amiri-Khorasani, M. (2018). Effect of the
FIFA 11+ programme on vertical Jump performance in elite male youth soccer players.
Montenegrin Journal of Sports Science & Medicine, 7(2), 17-22.
https://doi.org/10.26773/mjssm.180903

Anderson, F. W., & Pandy, M. G. (1993). Storage and utilization of elastic strain energy during
jumping. Journal of Biomechanics, 26(12), 1413-1427. https://doi.org/10.1016/0021-
9290(93)90092-s

Andersson, H. A., Randers, M. B., Heiner-Mgller, A., Krustrup, P., Bangsbo, J., & Mohr, M.
(2010). Elite female soccer players perform more high-intensity running when playing
in international games compared with domestic league games. Journal of Strength and
Conditioning Research, 24(4), 912-919. https://doi.org/10.1519/jsc.0b013e3181d09f21

Arede, J., Fernandes, J., Moran, J., Leite, N., Romero-Rodriguez, D., & Madruga-Parera, M.
(2022). Effects of an integrative neuromuscular training protocol vs. FIFA 11+ on
sprint, change of direction performance and inter-limb asymmetries in young soccer
players. International Journal of Sports Science & Coaching, 17(1), 54-62.
https://doi.org/10.1177/17479541211011438

Asadi, A., Arazi, H., Young, W. B., & Séez de Villarreal, E. (2016). The effects of plyometric
training on change-of-direction ability: a meta-analysis. International Journal of Sports
Physiology and Performance, 11(5), 563-573. https://doi.org/10.1123/ijspp.2015-0694

Asgari, M., Alizadeh, M. H., Shahrbanian, S., Nolte, K., & Jaitner, T. (2022). Effects of the
FIFA 11+ and a modified warm-up programme on injury prevention and performance
improvement among youth male football players. PLoS One, 17(10), e0275545.
https://doi.org/10.1371/journal.pone.0275545

Asmussen, E., & Bgje, O. (1945). Body temperature and capacity for work. Acta Physiologica
Scandinavica, 10(1), 1-22. https://doi.org/10.1111/j.1748-1716.1945.tb00287.x

Asmussen, E., Bonde-Petersen, F., & Jorgensen, K. (1976, Jan). Mechano-elastic properties of
human muscles at different temperatures. Acta Physiol Scand, 96(1), 83-93.
https://doi.org/10.1111/j.1748-1716.1976.tb10173.X

56


https://doi.org/10.26773/mjssm.180903
https://doi.org/10.1016/0021-9290(93)90092-s
https://doi.org/10.1016/0021-9290(93)90092-s
https://doi.org/10.1519/jsc.0b013e3181d09f21
https://doi.org/10.1177/17479541211011438
https://doi.org/10.1123/ijspp.2015-0694
https://doi.org/10.1371/journal.pone.0275545
https://doi.org/10.1111/j.1748-1716.1945.tb00287.x
https://doi.org/10.1111/j.1748-1716.1976.tb10173.x

Ayala, F. J., Pomares-Noguera, C., Robles-Palazén, F. J., Garcia-Vaquero, M. P., Ruiz-Pérez, 1.,
Hernandez-Sanchez, S., & De Ste Croix, M. (2017). Training effects of the FIFA 11+
and harmoknee on several neuromuscular parameters of physical performance
measures. International Journal of Sports Medicine, 38(4), 278-289.
https://doi.org/10.1055/s-0042-121260

Baker, D. G. (2013). 10-year changes in upper body strength and power in elite professional
rugby league players—The effect of training age, stage, and content. The Journal of
Strength and Conditioning Research, 27(2), 285-292.
https://doi.org/10.1519/jsc.0b013e318270fc6b

Barengo, N. C., Meneses-Echavez, J. F., Ramirez-Velez, R., Cohen, D. D., Tovar, G., &
Bautista, J. E. (2014). The impact of the FIFA 11+ training program on injury
prevention in football players: a systematic review. International Journal of
Environmental Research and Public Health, 11(11), 11986-12000.
https://doi.org/10.3390/ijerph111111986

Bergh, U., & Ekblom, B. (1979). Influence of muscle temperature on maximal muscle strength
and power output in human skeletal muscles. Acta Physiologica Scandinavica, 107(1),
33-37. https://doi.org/10.1111/].1748-1716.1979.tb06439.x

Bishop, C., Turner, A., Jordan, M., Harry, J. R., Loturco, I., Lake, J. P., & Comfort, P. (2021).
A framework to guide practitioners for selecting metrics during the countermovement
and drop jump tests. Strength and Conditioning Journal, 44(4), 95-103.
https://doi.org/10.1519/ssc.0000000000000677

Bishop, D. (2003). Warm Up I. Sports Medicine, 33(6), 439-454.
https://doi.org/10.2165/00007256-200333060-00005

Bizzini, M., & Dvorak, J. (2015). FIFA 11+: an effective programme to prevent football injuries
in various player groups worldwide—a narrative review. British Journal of Sports
Medicine, 49(9), 577-579. https://doi.org/10.1136/bjsports-2015-094765

Bizzini, M., Impellizzeri, F. M., Dvorak, J., Bortolan, L., Schena, F., Modena, R., & Junge, A.
(2013a). Physiological and performance responses to the "FIFA 11+" (part 1): is it an
appropriate warm-up? Journal of Sports Sciences, 31(13), 1481-1490.
https://doi.org/10.1080/02640414.2013.802922

57


https://doi.org/10.1055/s-0042-121260
https://doi.org/10.1519/jsc.0b013e318270fc6b
https://doi.org/10.3390/ijerph111111986
https://doi.org/10.1111/j.1748-1716.1979.tb06439.x
https://doi.org/10.1519/ssc.0000000000000677
https://doi.org/10.2165/00007256-200333060-00005
https://doi.org/10.1136/bjsports-2015-094765
https://doi.org/10.1080/02640414.2013.802922

Bizzini, M., Junge, A., & Dvorak, J. (2013b). Implementation of the FIFA 11+ football warm
up program: how to approach and convince the Football associations to invest in
prevention. British Journal of Sports Medicine, 47(12), 803-806.
https://doi.org/10.1136/bjsports-2012-092124

Bobbert, M. F., Gerritsen, K. G., Litjens, M. C. A., & Van Soest, A. (1996). Why is
countermovement jump height greater than squat jump height? Medicine and Science in
Sports and Exercise, 28(11), 1402-1412. https://doi.org/10.1097/00005768-199611000-
00009

Bompa, T. O., & Buzzichelli, C. (2018). Periodization-6th Edition: Theory and Methodology of

Training. Human Kinetics, Champaign, IL.

Brown, T. D., Vescovi, J. D., & VanHeest, J. L. (2004). Assessment of linear sprinting
performance: a theoretical paradigm. Journal of Sports Science and Medicine, 3(4),
203-210.

Brughelli, M., Cronin, J., Levin, G., & Chaouachi, A. (2008). Understanding change of
direction ability in sport: a review of resistance training studies. Sports Medicine,
38(12), 1045-1063. https://doi.org/10.2165/00007256-200838120-00007

Busso, T. (2003). Variable dose-response relationship between exercise training and
performance. Medicine and Science in Sports and Exercise, 35(7), 1188-1195.
https://doi.org/10.1249/01.mss.0000074465.13621.37

Calvert, T., Banister, E. W., Savage, M. V., & Bach, T. (1976). A systems model of the effects
of training on physical performance. IEEE Transactions on systems, man, and
cybernetics, SMC-6(2), 94-102. https://doi.org/10.1109/tsmc.1976.5409179

Caraffa, A., Cerulli, G. G., Projetti, M., Aisa, G., & Rizzo, A. (1996). Prevention of anterior
cruciate ligament injuries in soccer. Knee Surgery, Sports Traumatology, Arthroscopy,
4(1), 19-21. https://doi.org/10.1007/bf01565992

Castagna, C., Impellizzeri, F. M., Chamari, K., Carlomagno, D., & Rampinini, E. (2006).
Aerobic fitness and yo-yo continuous and intermittent tests performances in soccer
players: a correlation study. Journal of Strength and Conditioning Research, 20(2),
320-325. https://doi.org/10.1519/r-18065.1

58


https://doi.org/10.1136/bjsports-2012-092124
https://doi.org/10.1097/00005768-199611000-00009
https://doi.org/10.1097/00005768-199611000-00009
https://doi.org/10.2165/00007256-200838120-00007
https://doi.org/10.1249/01.mss.0000074465.13621.37
https://doi.org/10.1109/tsmc.1976.5409179
https://doi.org/10.1007/bf01565992
https://doi.org/10.1519/r-18065.1

Chamari, K., Moussa-Chamari, I., Boussaidi, L., Hachana, Y., Kaouech, F., & Wislgff, U.
(2005). Appropriate interpretation of aerobic capacity: allometric scaling in adult and
young soccer players. British Journal of Sports Medicine, 39(2), 97-101.
https://doi.org/10.1136/bjsm.2003.010215

Chaouachi, A., Manzi, V., Wong, D. P., Chaalali, A., Laurencelle, L., Chamari, K., & Castagna,
C. (2010). Intermittent endurance and repeated sprint ability in soccer players. The
Journal of Strength & Conditioning Research, 24(10), 2663-26609.
https://doi.org/10.1519/jsc.0b013e3181e347f4

Chimera, N. J., Swanik, K. A., Swanik, C. B., & Straub, S. J. (2004). Effects of plyometric
training on muscle-activation strategies and performance in female athletes. Journal of
Athletic Training, 39(1), 24-31.

Cunanan, A. J., DeWeese, B. H., Wagle, J. P., Carroll, K., Sausaman, R., Hornsby, W. G., Haff,
G. G., Triplett, N. T., Pierce, K. C., & Stone, M. H. (2018). The general adaptation
syndrome: a foundation for the concept of periodization. Sports Medicine, 48(4), 787-
797. https://doi.org/10.1007/s40279-017-0855-3

D’Auria, S., Tanner, R., Sheppard, J., & Manning, J. (2006). Evaluation of various
methodologies used to assess sprint performance. Australian Institute of Sport Applied

Physiology Conference, ACT, Australia.

da Costa Silva, J. R. L., da Silva, J. F., do Nascimento Salvador, P. C., & de la Rocha Freitas, C.
(2015). The effect of “FIFA 11+ on vertical jump performance in soccer players.
Revista Brasileira de Cineantropometria & Desempenho Humano, 17(6), 733-741.
https://doi.org/10.5007/1980-0037.2015v17n6p733.

Daneshjoo, A., Mokhtar, A., Rahnama, N., & Yusof, A. (2013). The effects of injury prevention
warm-up programmes on knee strength in male soccer players. Biology of Sport, 30(4),
281-288. https://doi.org/10.5604/20831862.1077554

Daneshjoo, A., Mokhtar, A. H., Rahnama, N., & Yusof, A. (2012). The effects of injury
preventive warm-up programs on knee strength ratio in young male professional soccer
players. PLoS One, 7(12), e50979. https://doi.org/10.1371/journal.pone.0050979

De La Motte, S. J., Gribbin, T. C., Lisman, P., Murphy, K. C., & Deuster, P. A. (2017a).
Systematic review of the association between physical fitness and musculoskeletal

59


https://doi.org/10.1136/bjsm.2003.010215
https://doi.org/10.1519/jsc.0b013e3181e347f4
https://doi.org/10.1007/s40279-017-0855-3
https://doi.org/10.5007/1980-0037.2015v17n6p733
https://doi.org/10.5604/20831862.1077554
https://doi.org/10.1371/journal.pone.0050979

injury risk: Part 2—muscular endurance and muscular strength. The Journal of Strength
and Conditioning Research, 31(11), 3218-3234.
https://doi.org/10.1519/js¢.0000000000002174

De La Motte, S. J., Lisman, P., Gribbin, T. C., Murphy, K. C., & Deuster, P. A. (2017b).
Systematic review of the association between physical fitness and musculoskeletal
injury risk: Part 3—flexibility, power, speed, balance, and agility. The Journal of
Strength and Conditioning Research, 33(6), 1723-1735.
https://doi.org/10.1519/jsc.0000000000002382

Delahunt, E., McEntee, B. L., Kennelly, C., Green, B. D., & Coughlan, G. F. (2011). Intrarater
reliability of the adductor squeeze test in gaelic games athletes. Journal of Athletic
Training, 46(3), 241-245. https://doi.org/10.4085/1062-6050-46.3.241

Delecluse, C., Van Coppenolle, H., Willems, E., Van Leemputte, M., Diels, R., & Goris, M.
(1995). Influence of high-resistance and high-velocity training on sprint performance.
Medicine and Science in Sports and Exercise, 27(8), 1203-1209.
https://doi.org/10.1249/00005768-199508000-00015

DelLorey, D. S., Kowalchuk, J. M., Heenan, A. P., duManoir, G. R., & Paterson, D. H. (2007).
Prior exercise speeds pulmonary O2 uptake kinetics by increases in both local muscle
02 availability and O2 utilization. Journal of Applied Physiology, 103(3), 771-778.
https://doi.org/10.1152/japplphysiol.01061.2006

Dvorak, J. (2009). Give Hippocrates a jersey: promoting health through football/sport. British
Journal of Sports Medicine, 43(5), 317-322. https://doi.org/10.1136/bjsm.2009.059618

Enoka, R. M. (2002). Neuromechanics of Human Movement-5th Edition. Human Kinetics,

Champaign, IL.

Enoka, R. M., & Duchateau, J. (2017). Rate coding and the control of muscle force. Cold Spring
Harbor Perspectives in Medicine, 7(10), a029702.
https://doi.org/10.1101/cshperspect.a029702

Faude, O., Koch, T., & Meyer, T. (2012). Straight sprinting is the most frequent action in goal
situations in professional football. Journal of Sports Sciences, 30(7), 625-631.
https://doi.org/10.1080/02640414.2012.665940

60


https://doi.org/10.1519/jsc.0000000000002174
https://doi.org/10.1519/jsc.0000000000002382
https://doi.org/10.4085/1062-6050-46.3.241
https://doi.org/10.1249/00005768-199508000-00015
https://doi.org/10.1152/japplphysiol.01061.2006
https://doi.org/10.1136/bjsm.2009.059618
https://doi.org/10.1101/cshperspect.a029702
https://doi.org/10.1080/02640414.2012.665940

FIFA. (2007). FIFA Big count 2006.
https://digitalhub.fifa.com/m/55621f9fdc8ea7b4/original/mzid0Ogmguixkcmruvema-

pdf.pdf

Flanagan, E. P., Ebben, W. P., & Jensen, R. L. (2008). Reliability of the reactive strength index
and time to stabilization during depth jumps. Journal of Strength and Conditioning
Research, 22(5), 1677-1682. https://doi.org/10.1519/jsc.0b013e318182034b

Gabbett, T. J., & Mulvey, M. J. (2008). Time-motion analysis of small-sided training games and
competition in elite women soccer players. Journal of Strength and Conditioning
Research, 22(2), 543-552. https://doi.org/10.1519/jsc.0b013e3181635597

Gambetta, V. (1990). FOOTBALL.: Speed development for football. National Strength and

Conditioning Association Journal, 12(1).

Gilchrist, J., Mandelbaum, B. R., Melancon, H., Ryan, G. W., Silvers, H. J., Griffin, L. Y.,
Watanabe, D. S., Dick, R. W., & Dvorak, J. (2008). A randomized controlled trial to
prevent noncontact anterior cruciate ligament injury in female collegiate soccer players.
American Journal of Sports Medicine, 36(8), 1476-1483.
https://doi.org/10.1177/0363546508318188

Green, B. N., Johnson, C. D., & Adams, A. (2006). Writing narrative literature reviews for peer-
reviewed journals: secrets of the trade. Journal of Chiropractic Medicine, 5(3), 101-
117. https://doi.org/10.1016/s0899-3467(07)60142-6

Haff, G., & Triplett, N. (2015). Essentials of Strength Training and Conditioning 4th Edition.
Human Kinetics, Champaign, IL.

Hégglund, M., Waldén, M., Magnusson, H., Kristenson, K., Bengtsson, H., & Ekstrand, J.
(2013). Injuries affect team performance negatively in professional football: an 11-year
follow-up of the UEFA Champions League injury study. British Journal of Sports
Medicine, 47(12), 738-742. https://doi.org/10.1136/bjsports-2013-092215

Haray, J., Clarsen, B., Wiger, E. G., @yen, M. G., Serner, A., Thorborg, K., HéImich, P.,
Andersen, T. E., & Bahr, R. (2019). The Adductor Strengthening Programme prevents
groin problems among male football players: a cluster-randomised controlled trial.
British Journal of Sports Medicine, 53(3), 150-157. https://doi.org/10.1136/bjsports-
2017-098937

61


https://digitalhub.fifa.com/m/55621f9fdc8ea7b4/original/mzid0qmguixkcmruvema-pdf.pdf
https://digitalhub.fifa.com/m/55621f9fdc8ea7b4/original/mzid0qmguixkcmruvema-pdf.pdf
https://doi.org/10.1519/jsc.0b013e318182034b
https://doi.org/10.1519/jsc.0b013e3181635597
https://doi.org/10.1177/0363546508318188
https://doi.org/10.1016/s0899-3467(07)60142-6
https://doi.org/10.1136/bjsports-2013-092215
https://doi.org/10.1136/bjsports-2017-098937
https://doi.org/10.1136/bjsports-2017-098937

Haray, J., Thorborg, K., Serner, A., Bjgrkheim, A., Rolstad, L. E., H6Imich, P., Bahr, R., &
Andersen, T. E. (2017). Including the Copenhagen adduction exercise in the FIFA 11+
provides missing eccentric hip adduction strength effect in male soccer players: A
randomized controlled trial. American Journal of Sports Medicine, 45(13), 3052-3059.
https://doi.org/10.1177/0363546517720194

Harris, R. T., & Dudley, G. A. (1994). Factors limiting force during slow, shortening actions of
the quadriceps femoris muscle group in vivo. Acta Physiologica Scandinavica, 152(1),
63-71. https://doi.org/10.1111/].1748-1716.1994.tb09785.x

Healy, R., Kenny, I. C., & Harrison, A. J. (2018, Jul 1). Reactive strength index: a poor
indicator of reactive strength? International Journal of Sports Physiology Performance,
13(6), 802-809. https://doi.org/10.1123/ijspp.2017-0511

Heidt, R. S., Sweeterman, L. M., Carlonas, R. L., Traub, J. A., & Tekulve, F. X. (2000).
Avoidance of soccer injuries with preseason conditioning. American Journal of Sports
Medicine, 28(5), 659-662. https://doi.org/10.1177/03635465000280050601

Hewett, T. E., Lindenfeld, T. N., Riccobene, J. V., & Noyes, F. R. (1999). The effect of
neuromuscular training on the incidence of knee injury in female athletes. American
Journal of Sports Medicine, 27(6), 699-706.
https://doi.org/10.1177/03635465990270060301

Hoff, J. (2005). Training and testing physical capacities for elite soccer players. Journal of
Sports Sciences, 23(6), 573-582. https://doi.org/10.1080/02640410400021252

Hoffman, J. (2014). Physiological Aspects of Sport Training and Performance-2nd Edition.

Human Kinetics.

Hopkins, W. G., Marshall, S. W., Batterham, A. M., & Hanin, J. (2009). Progressive statistics
for studies in sports medicine and exercise science. Medicine and Science in Sports and
Exercise, 41(1), 3-12. https://doi.org/10.1249/mss.0b013e31818¢ch278

IFAB. (2022). Laws of the Game 2022/23. The International Football Association Board.

https://www.theifab.com

62


https://doi.org/10.1177/0363546517720194
https://doi.org/10.1111/j.1748-1716.1994.tb09785.x
https://doi.org/10.1123/ijspp.2017-0511
https://doi.org/10.1177/03635465000280050601
https://doi.org/10.1177/03635465990270060301
https://doi.org/10.1080/02640410400021252
https://doi.org/10.1249/mss.0b013e31818cb278
https://www.theifab.com/

Impellizzeri, F. M., Bizzini, M., Dvorak, J., Pellegrini, B., Schena, F., & Junge, A. (2013).
Physiological and performance responses to the FIFA 11+ (part 2): a randomised
controlled trial on the training effects. Journal of Sports Sciences, 31(13), 1491-1502.
https://doi.org/10.1080/02640414.2013.802926

Ingjer, F., & Strdmme, S. B. (1979). Effects of active, passive or no warm-up on the
physiological response to heavy exercise. European Journal of Applied Physiology and
Occupational Physiology, 40(4), 273-282. https://doi.org/10.1007/BF00421519

Issurin, V. B. (2013). Training transfer: Scientific background and insights for practical
application. Sports Medicine, 43(8), 675-694. https://doi.org/10.1007/s40279-013-0049-
6

Jeffreys, 1. (2007). Warm-up revisited: The RAMP method of optimising warm-ups.
Professional Strength and Conditioning, 6, 12-18.

Jeffreys, 1. (2019). The Warm-Up: Maximize performance and improve long-term athletic
development. Human Kinetics, Champaign, IL.
https://books.google.co.nz/books?id=90-yugeACAAJ

Kerman, M. T., Atri, A. E., & Javaheri, S. (2018). The effect of FIFA 11+ injury prevention
program on dynamic balance and knee isometric strength of female players in soccer
super league. World Family Medicine Journal, 16(7), 48-54.
https://doi.org/10.5742/MEWFM.2018.93475

Krustrup, P., Mohr, M., Ellingsgaard, H., & Bangsbo, J. (2005). Physical demands during an
elite female soccer game: importance of training status. Medicine and Science in Sports
and Exercise, 37(7), 1242-1248. https://doi.org/10.1249/01.mss.0000170062.73981.94

Lehance, C., Binet, J., Bury, T., & Croisier, J. L. (2009). Muscular strength, functional
performances and injury risk in professional and junior elite soccer players.
Scandinavian Journal of Medicine and Science in Sports, 19(2), 243-251.
https://doi.org/10.1111/j.1600-0838.2008.00780.x

Little, T., & Williams, A. G. (2005). Specificity of acceleration, maximum speed, and agility in
professional soccer players. Journal of Strength and Conditioning Research, 19(1), 76-
78. https://doi.org/10.1519/14253.1

63


https://doi.org/10.1080/02640414.2013.802926
https://doi.org/10.1007/BF00421519
https://doi.org/10.1007/s40279-013-0049-6
https://doi.org/10.1007/s40279-013-0049-6
https://books.google.co.nz/books?id=9o-yugEACAAJ
https://doi.org/10.5742/MEWFM.2018.93475
https://doi.org/10.1249/01.mss.0000170062.73981.94
https://doi.org/10.1111/j.1600-0838.2008.00780.x
https://doi.org/10.1519/14253.1

Long, H., & Czarnecki, J. (2011). Football for Dummies. John Wiley & Sons, Hoboken, NJ.

Lopes, M., Lopes, S., Patinha, T., Aradjo, F., Rodrigues, M., Costa, R., Oliveira, J., & Ribeiro,
F. (2019). Balance and proprioception responses to FIFA 11+ in amateur futsal players:
short and long-term effects. Journal of Sports Sciences, 37(20), 2300-2308.
https://doi.org/10.1080/02640414.2019.1628626

Lopes, M., Rodrigues, J. M., Monteiro, P., Rodrigues, M., Costa, R., Oliveira, J., & Ribeiro, F.
(2020). Effects of the FIFA 11+ on ankle evertors latency time and knee muscle
strength in amateur futsal players. European Journal of Sport Science, 20(1), 24-34.
https://doi.org/10.1080/17461391.2019.1609588

Luebbers, P. E., Potteiger, J. A., Hulver, M. W., Thyfault, J. P., Carper, M. J., & Lockwood, R.
H. (2003). Effects of plyometric training and recovery on vertical jump performance
and anaerobic power. Journal of Strength and Conditioning Research, 17(4), 704-709.
https://doi.org/10.1097/00005768-200305001-01514

Malone, S., Owen, A., Mendes, B., Hughes, B., Collins, K., & Gabbett, T. J. (2018). High-speed
running and sprinting as an injury risk factor in soccer: can well-developed physical
qualities reduce the risk? Journal of Science and Medicine in Sport, 21(3), 257-262.
https://doi.org/10.1016/j.jsams.2017.05.016

Malone, S., Roe, M., Doran, D. A., Gabbett, T. J., & Collins, K. (2017a). High chronic training
loads and exposure to bouts of maximal velocity running reduce injury risk in elite
Gaelic football. Journal of Science and Medicine in Sport, 20(3), 250-254.
https://doi.org/10.1016/j.jsams.2016.08.005

Malone, S., Roe, M., Doran, D. A., Gabbett, T. J., & Collins, K. D. (2017b). Protection against
spikes in workload with aerobic fitness and playing experience: the role of the
acute:chronic workload ratio on injury risk in elite gaelic football. International Journal
of Sports Physiology and Performance, 12(3), 393-401.
https://doi.org/10.1123/ijspp.2016-0090

Mandelbaum, B. R., Silvers, H. J., Watanabe, D. S., Knarr, J. F., Thomas, S. D., Griffin, L. Y.,
Kirkendall, D. T., & Garrett, W. (2005). Effectiveness of a neuromuscular and
proprioceptive training program in preventing anterior cruciate ligament injuries in
female athletes. American Journal of Sports Medicine, 33(7), 1003-1010.
https://doi.org/10.1177/0363546504272261

64


https://doi.org/10.1080/02640414.2019.1628626
https://doi.org/10.1080/17461391.2019.1609588
https://doi.org/10.1097/00005768-200305001-01514
https://doi.org/10.1016/j.jsams.2017.05.016
https://doi.org/10.1016/j.jsams.2016.08.005
https://doi.org/10.1123/ijspp.2016-0090
https://doi.org/10.1177/0363546504272261

Markovic, G. (2007). Does plyometric training improve vertical jump height? A meta-analytical
review. British Journal of Sports Medicine, 41(6), 349-355.
https://doi.org/10.1136/bjsm.2007.035113

Markovic, G., Dizdar, D., Jukic, I., & Cardinale, M. (2004). Reliability and factorial validity of
squat and countermovement jump tests. The Journal of Strength & Conditioning
Research, 18(3), 551-555. https://doi.org/10.1519/1533-
4287(2004)18<551:rafvos>2.0.co;2

McGuigan, M. (2019). Testing and Evaluation of Strength and Power. Routledge, London, UK.

McNulty, K. L., Elliott-Sale, K. J., Dolan, E., Swinton, P. A., Ansdell, P., Goodall, S., Thomas,
K., & Hicks, K. M. (2020). The effects of menstrual cycle phase on exercise
performance in eumenorrheic women: a systematic review and meta-analysis. Sports
Medicine, 50(10), 1813-1827. https://doi.org/10.1007/s40279-020-01319-3

Milanovi¢, Z., Sporis, G., James, N., Trajkovi¢, N., Ignjatovi¢, A., Sarmento, H., Trecroci, A.,
& Mendes, B. M. B. (2017). Physiological demands, morphological characteristics,
physical abilities and injuries of female soccer players. Journal of Human Kinetics,
60(1), 77-83. https://doi.org/10.1515/hukin-2017-0091

Mohr, M., Krustrup, P., Andersson, H., Kirkendal, D., & Bangsho, J. (2008). Match activities of
elite women soccer players at different performance levels. Journal of Strength and
Conditioning Research, 22(2), 341-349. https://doi.org/10.1519/jsc.0b013e318165fef6

Moir, G. L. (2008). Three different methods of calculating vertical jump height from force
platform data in men and women. Measurement in Physical Education and Exercise
Science, 12(4), 207-218. https://doi.org/10.1080/10913670802349766

Murphy, A. J., Lockie, R. G., & Coutts, A. J. (2003). Kinematic determinants of early
acceleration in field sport athletes. Journal of Sports Science and Medicine., 2(4), 144-
150.

Nawed, A., Khan, I. A., Jalwan, J., Nuhmani, S., & Muaidi, Q. I. (2018). Efficacy of FIFA 11+
training program on functional performance in amateur male soccer players. Journal of
Back and Musculoskeletal Rehabilitation, 31(5), 867-870. https://doi.org/10.3233/bmr-
171034

65


https://doi.org/10.1136/bjsm.2007.035113
https://doi.org/10.1519/1533-4287(2004)18
https://doi.org/10.1519/1533-4287(2004)18
https://doi.org/10.1007/s40279-020-01319-3
https://doi.org/10.1515/hukin-2017-0091
https://doi.org/10.1519/jsc.0b013e318165fef6
https://doi.org/10.1080/10913670802349766
https://doi.org/10.3233/bmr-171034
https://doi.org/10.3233/bmr-171034

Neiva, H. P., Marques, M. C., Barbosa, T. M., Izquierdo, M., & Marinho, D. A. (2014). Warm-
up and performance in competitive swimming. Sports Medicine, 44(3), 319-330.
https://doi.org/10.1007/s40279-013-0117-y

Neto, W. K., Vieira, T. L., & Gama, E. F. (2019). Barbell hip thrust, muscular activation and
performance: a systematic review. Journal of sports science & medicine, 18(2), 198-
206.

Nevin, F., & Delahunt, E. (2014). Adductor squeeze test values and hip joint range of motion in
Gaelic football athletes with longstanding groin pain. Journal of Science and Medicine
in Sport, 17(2), 155-159. https://doi.org/10.1016/].jsams.2013.04.008

Nimphius, S., Callaghan, S. J., Bezodis, N. E., & Lockie, R. G. (2018). Change of direction and
agility tests: challenging our current measures of performance. Strength & Conditioning
Journal, 40(1), 26-38. https://doi.org/10.1519/ssc.0000000000000309

Nimphius, S., Callaghan, S. J., Spiteri, T., & Lockie, R. G. (2016). Change of direction deficit: a
more isolated measure of change of direction performance than total 505 time. The
Journal of Strength & Conditioning Research, 30(11), 3024-3032.
https://doi.org/10.1519/jsc.0000000000001421

Nuhmani, S. (2020). The FIFA 11+ does not alter performance in amateur female basketball
players-a randomized control trial. Journal of Complementary and Integrative
Medicine, 18(2), 379-383. https://doi.org/10.1515/jcim-2020-0081

Patti, A., Giustino, V., Cataldi, S., Stoppa, V., Ferrando, F., Marvulli, R., Fari, G., Nese, S. F.,
Bianco, A., Muscella, A., Greco, G., & Fischetti, F. (2022). Effects of 5-week of FIFA
11+ warm-up program on explosive strength, speed, and perception of physical exertion
in elite female futsal athletes. Sports (Basel), 10(7), 100.
https://doi.org/10.3390/sports10070100

Pearson, D., Faigenbaum, A., Conley, M., & Kraemer, W. J. (2000). The National Strength and
Conditioning Association's basic guidelines for the resistance training of athletes.
Strength & Conditioning Journal, 22(4), 14. https://journals.lww.com/nsca-
scj/Fulltext/2000/08000/The National Strength_and_Conditioning.8.aspx

66


https://doi.org/10.1007/s40279-013-0117-y
https://doi.org/10.1016/j.jsams.2013.04.008
https://doi.org/10.1519/ssc.0000000000000309
https://doi.org/10.1519/jsc.0000000000001421
https://doi.org/10.1515/jcim-2020-0081
https://doi.org/10.3390/sports10070100
https://journals.lww.com/nsca-scj/Fulltext/2000/08000/The_National_Strength_and_Conditioning.8.aspx
https://journals.lww.com/nsca-scj/Fulltext/2000/08000/The_National_Strength_and_Conditioning.8.aspx

Ramirez-Campillo, R., Gallardo, F., Henriquez-Olguin, C., Meylan, C., Martinez, C., Alvarez,
C., Caniuqueo, A., Cadore, E. L., & Izquierdo, M. (2015). Effect of vertical, horizontal,
and combined plyometric training on explosive, balance, and endurance performance of
young soccer players. The Journal of Strength and Conditioning Research, 29(7), 1784-
1795. https://doi.org/10.1519/jsc.0000000000000827

Raysmith, B. P., & Drew, M. K. (2016). Performance success or failure is influenced by weeks
lost to injury and illness in elite Australian track and field athletes: a 5-year prospective
study. Journal of Science and Medicine in Sport, 19(10), 778-783.
https://doi.org/10.1016/j.jsams.2015.12.515

Rimmer, E., & Sleivert, G. (2000). Effects of a plyometrics intervention program on sprint
serformance. The Journal of Strength & Conditioning Research, 14(3), 295-301.

Robergs, R. A., Pascoe, D. D., Costill, D. L., Fink, W. J., Chwalbinska-Moneta, J., Davis, J. A.,
& Hickner, R. (1991). Effects of warm-up on muscle glycogenolysis during intense
exercise. Medicine and Science in Sports and Exercise, 23(1), 37-43.
https://doi.org/10.1249/00005768-199101000-00007

Robles Palazon, F. J., Pomares Noguera, C., Ayala, F., Hernandez-Sanchez, S., Sainz de
Baranda, P., Wesolek, I., & Martinez-Romero, M. (2016). Acute and chronic effects of
the FIFA 11+ on several physical performance measures in adolescent football players.

European Journal of Human Movement, 36, 116-136.

Rokka, S. (2007). Reducing risk of injury due to warm up and cool down in dance aerobic
instructors. Journal of Back and Musculoskeletal Rehabilitation, 20(1), 29-35.
https://doi.org/10.3233/BMR-2007-20105

Ryan, S., Kempton, T., Impellizzeri, F., & Coultts, A. J. (2019). Training monitoring in
professional Australian football: theoretical basis and recommendations for coaches and
scientists. Science and Medicine in Football, 4(1), 52-58.
https://doi.org/10.1080/24733938.2019.1641212

Sadigursky, D., Braid, J. A., De Lira, D. N. L., Machado, B. A. B., Carneiro, R. J. F., &
Colavolpe, P. O. (2017). The FIFA 11+ injury prevention program for soccer players: a
systematic review. BMC Sports Science and Medicine Rehabilitation, 9(1), 18.
https://doi.org/10.1186/s13102-017-0083-z

67


https://doi.org/10.1519/jsc.0000000000000827
https://doi.org/10.1016/j.jsams.2015.12.515
https://doi.org/10.1249/00005768-199101000-00007
https://doi.org/10.3233/BMR-2007-20105
https://doi.org/10.1080/24733938.2019.1641212
https://doi.org/10.1186/s13102-017-0083-z

Safran, M. R., Garrett, W. E., Seaber, A. V., Glisson, R. R., & Ribbeck, B. M. (1988). The role
of warmup in muscular injury prevention. American Journal of Sports Medicine, 16(2),
123-129. https://doi.org/10.1177/036354658801600206

Sands, W., Bogdanis, G., Penitente, G., Donti, O., McNeal, J., Butterfield, C., Poehling, R., &
Barker, L. (2020). Reliability and validity of a low-cost portable force platform.
Isokinetics and exercise science, 28(3), 247-253. https://doi.org/10.3233/ies-202106

Selye, H. (1950). Stress and the general adaptation syndrome. British Medical Journal, 1(4667),
1383-1392. https://doi.org/10.1136/bmj.1.4667.1383

Shamlaye, J., Tomsovsky, L., & Fulcher, M. L. (2020). Attitudes, beliefs and factors
influencing football coaches' adherence to the 11+ injury prevention programme. BMJ
Open Sport and Exercise Medicine, 6(1), e000830. https://doi.org/10.1136/bmjsem-
2020-000830

Sheppard, J. M., & Young, W. B. (2006). Agility literature review: classifications, training and
testing. Journal of Sports Sciences, 24(9), 919-932.
https://doi.org/10.1080/02640410500457109

Singh, D., & Singh, S. (2013). Effects of vertical and horizontal plyometric exercises on
running speed. Human movement, 14(2), 144-147. https://doi.org/10.2478/humo-2013-
0017

Soderman, K., Werner, S., Pietila, T., Engstrom, B., & Alfredson, H. (2000). Balance board
training: prevention of traumatic injuries of the lower extremities in female soccer
players? A prospective randomized intervention study. Knee Surg Sports Traumatol
Arthrosc, 8(6), 356-363. https://doi.org/10.1007/s001670000147

Soligard, T., Myklebust, G., Steffen, K., Holme, 1., Silvers, H., Bizzini, M., Junge, A., Dvorak,
J., Bahr, R., & Andersen, T. E. (2008). Comprehensive warm-up programme to prevent
injuries in young female footballers: cluster randomised controlled trial. British Medical
Journal, 337, a2469. https://doi.org/10.1136/bmj.a2469

SportSmart, A. (2016). http://accsportsmart.co.nz

Strudwick, A. (2016). Soccer Science. Human Kinetics, Champaign, IL.
https://books.google.co.nz/books?id=61pNDAAAQBAJ

68


https://doi.org/10.1177/036354658801600206
https://doi.org/10.3233/ies-202106
https://doi.org/10.1136/bmj.1.4667.1383
https://doi.org/10.1136/bmjsem-2020-000830
https://doi.org/10.1136/bmjsem-2020-000830
https://doi.org/10.1080/02640410500457109
https://doi.org/10.2478/humo-2013-0017
https://doi.org/10.2478/humo-2013-0017
https://doi.org/10.1007/s001670000147
https://doi.org/10.1136/bmj.a2469
http://accsportsmart.co.nz/
https://books.google.co.nz/books?id=61pNDAAAQBAJ

Sugimoto, D., Myer, G. D., Foss, K. D. B., & Hewett, T. E. (2015). Specific exercise effects of
preventive neuromuscular training intervention on anterior cruciate ligament injury risk
reduction in young females: meta-analysis and subgroup analysis. British Journal of
Sports Medicine, 49(5), 282-289. https://doi.org/10.1136/bjsports-2014-093461

Talukdar, K., Harrison, C., & McGuigan, M. (2022). Natural development of sprint speed in
girls and boys: a narrative review. The Journal of Sport and Exercise Science, 6(3),
153-161. https://doi.org/10.36905/jses.2022.03.02

Thomas, K., French, D., & Hayes, P. (2009). The effect of two plyometric training techniques
on muscular power and agility in youth soccer players. The Journal of Strength and
Conditioning Research, 23(1), 332-335.
https://doi.org/10.1519/JSC.0b013e318183a01a

Trajkovi¢, N., Gusi¢, M., Molnar, S., Macak, D., Madi¢, D. M., & Bogataj, S. (2020). Short-
term fifa 11+ improves agility and jump performance in young soccer players.
International Journal of Environmental Research and Public Health, 17(6), 2017.
https://doi.org/10.3390/ijerph17062017

Turner, A., Walker, S., Stembridge, M., Coneyworth, P., Reed, G., Birdsey, L., Barter, P., &
Moody, J. (2011). A testing battery for the assessment of fitness in soccer players.
Strength and Conditioning Journal, 33(5), 29-39.
https://doi.org/10.1519/SSC.0b013e31822fc80a

Veith, S., Whalan, M., Williams, S., Colyer, S., & Sampson, J. A. (2021). Part 2 of the 11+ as
an effective home-based exercise programme in elite academy football (soccer) players:
a one-club matched-paired randomised controlled trial. Science and Medicine in
Football, 5(4), 339-346. https://doi.org/10.1080/24733938.2021.1874616

Waldron, M., Worsfold, P., Twist, C., & Lamb, K. (2011). Concurrent validity and test-retest
reliability of a global positioning system (GPS) and timing gates to assess sprint
performance variables. Journal of Sports Sciences, 29(15), 1613-1619.
https://doi.org/10.1080/02640414.2011.608703

Walker, S., & Turner, A. (2009). A one-day field test battery for the assessment of aerobic
capacity, anaerobic capacity, speed, and agility of soccer players. Strength &
Conditioning Journal, 31(6), 52-60. https://doi.org/10.1519/SSC.0b013e3181c22085

69


https://doi.org/10.1136/bjsports-2014-093461
https://doi.org/10.36905/jses.2022.03.02
https://doi.org/10.1519/JSC.0b013e318183a01a
https://doi.org/10.3390/ijerph17062017
https://doi.org/10.1519/SSC.0b013e31822fc80a
https://doi.org/10.1080/24733938.2021.1874616
https://doi.org/10.1080/02640414.2011.608703
https://doi.org/10.1519/SSC.0b013e3181c22085

Wallace, J. L., & Norton, K. I. (2014). Evolution of World Cup soccer final games 1966-2010:
Game structure, speed and play patterns. Journal of Science and Medicine in Sport,
17(2), 223-228. https://doi.org/10.1016/j.jsams.2013.03.016

Weil, E., Rollin, J., Giulianotti, R. C., Alegi, P. C., & Joy, B. (2023). Football.

https://www.britannica.com/sports/football-soccer

Whalan, M., Lovell, R., McCunn, R., & Sampson, J. A. (2019a). The incidence and burden of
time loss injury in Australian men's sub-elite football (soccer): a single season
prospective cohort study. Journal of Science and Medicine in Sport, 22(1), 42-47.
https://doi.org/10.1016/j.jsams.2018.05.024

Whalan, M., Lovell, R., Steele, J. R., & Sampson, J. A. (2019b). Rescheduling Part 2 of the 11
reduces injury burden and increases compliance in semi-professional football.
Scandinavian Journal of Medicine and Science in Sports, 29(12).
https://doi.org/10.1111/sms.13532

Whalan, M., Lovell, R., Thorborg, K., & Sampson, J. A. (2020). The 11+ of the future: a
primary injury prevention framework for sub-elite football. British Journal of Sports
Medicine, 55, 351-352. https://doi.org/10.1136/bjsports-2020-102788

Winstanley, C., Reid, D., & Fulcher, M. L. (2023). Suggested improvements to the 11+ as

+

identified by coaches, players, strength and conditioning staff and medical staff in New

Zealand Football. BMJ Open Sport & Exercise Medicine, 9(2), e001463.
https://doi.org/10.1136/bmjsem-2022-001463

Wislgff, U., Helgerud, J., & Hoff, J. (1998). Strength and endurance of elite soccer players.
Medicine and Science in Sports and Exercise, 30(3), 462-427.
https://doi.org/10.1097/00005768-199803000-00019

Woods, K., Bishop, P., & Jones, E. (2007). Warm-up and stretching in the prevention of
muscular injury. Sports Medicine, 37(12), 1089-1099.
https://doi.org/10.2165/00007256-200737120-00006

Young, W. (1995). Laboratory strength assessment of athletes. New studies in athletics, 10, 89.

70


https://doi.org/10.1016/j.jsams.2013.03.016
https://www.britannica.com/sports/football-soccer
https://doi.org/10.1016/j.jsams.2018.05.024
https://doi.org/10.1111/sms.13532
https://doi.org/10.1136/bjsports-2020-102788
https://doi.org/10.1136/bmjsem-2022-001463
https://doi.org/10.1097/00005768-199803000-00019
https://doi.org/10.2165/00007256-200737120-00006

Young, W. B., & Bilby, G. E. (1993). The effect of voluntary effort to influence speed of
contraction on strength, muscular power, and hypertrophy development. Journal of
Strength and Conditioning Research, 7(3), 172-178.

Young, W. B., Dawson, B., & Henry, G. J. (2015). Agility and change-of-direction speed are
independent skills: implications for training for agility in invasion sports. International
Journal of Sports Science & Coaching, 10(1), 159-169. https://doi.org/10.1260/1747-
9541.10.1.159

Young, W. B., McDowell, M. H., & Scarlett, B. J. (2001). Specificity of sprint and agility
training methods. The Journal of Strength and Conditioning Research, 15(3), 315-319.
https://doi.org/10.1519/1533-4287(2001)015<0315:s0saat>2.0.co;2

Zehr, E. P., & Sale, D. G. (1994). Ballistic movement: muscle activation and neuromuscular
adaptation. Canadian Journal of Applied Physiology, 19(4), 363-378.
https://doi.org/10.1139/h94-030

Zhou, X., Luo, A., Wang, Y., Zhang, Q., Zha, Y., Wang, S., Ashton, C., Andamasaris, J. E.,
Wang, H., & Wang, Q. (2022). The effect of fifa 11+ on the isometric strength and
running ability of young soccer players. International Journal of Environmental
Research and Public Health, 19(20), 13186. https://doi.org/10.3390/ijerph192013186

Zois, J., Bishop, D. J., Ball, K., & Aughey, R. J. (2011). High-intensity warm-ups elicit superior
performance to a current soccer warm-up routine. Journal of Science and Medicine in
Sport, 14(6), 522-528. https://doi.org/10.1016/j.jsams.2011.03.012

71


https://doi.org/10.1260/1747-9541.10.1.159
https://doi.org/10.1260/1747-9541.10.1.159
https://doi.org/10.1519/1533-4287(2001)015
https://doi.org/10.1139/h94-030
https://doi.org/10.3390/ijerph192013186
https://doi.org/10.1016/j.jsams.2011.03.012

Appendices

72



Appendix A: Participant information page on structure and warm-up
component for CON and INT groups

FOOTBALL WARM-UP AND
S & C PROGRAMME

STRENGTH & CONDITIONING SET UP

The S&C programme is made up of
exercises that will enhance physical
performance and reduce injury. This
programme can be completed before or
after a training session on the football
pitch, in the dressing room, at home or at
another venue that conveniently works
into your schedule. No specialist
equipment is needed and will only
involve assistance using a piece of
furniture or a partner.
]

WARM-UP FIELD SET UP

The course is made up of six pairs of
parallel cones, approximately 5-6m
apart (30m in total). Two players start at
the same time from the first pair of cones,
jog along the inside of the cones and do
the various exercises on the way. After
the last cone, they run back along the
outside. On the way back, speed can be
increased progressively as players warm

up.




FOOTBALL WARM-UP

The courseismade up of six pairs of parallel cones,approximately 5-6m apart
(30m in total). Two players start at the same time from the first pair of cones,
jog along theinside of the conesand do the various exercises on the way. After
the last cone,they run back along the outside. On the way back, speed can be
increased progressively as players warm up.

The warm-up should be performed at the start of each training session and
on match days, and will take between 10-12 minutes to complete. Key
emphasison the executing all movementsto the highest quality and ensuring
the intensity matches the demands of the training session or match.

RUNNING STRAIGHT AHEAD

The course is made up of 6 to 10 pairs of parallel cones, approx.
5-6 metres apart. Two players start at the same time from the
first pair of cones. Jog together all

the way to the last pair of cones. On the way back, you can
increase your speed progressively as you warm up. 2sets

RUNNING HIPIN

Walk orjog easily, stopping at each pair of conesto lift your knee
and rotate your hip inwards. Alternate between left and right
legs at successive cones. 2sets.

RUNNING SHOULDERGONTACT

Run forwards in pairs to the first pair of cones. Shuffle sideways
by 90 degreesto meet in the middle then jump sidewaystowards
each other to make shoulder-to-shoulder contact.

Note: Make sure you land on both feet with your hips and knees
bent. Do not let your knees buckle inwards. Make it a full jump
and synchronize your timing with your team-mate as you jump
and land. 2sets

RUNNING ACROSSTHERTCH
Run across the pitch, from one side to the other, at 75-80%
maximum pace. 2sets.

RUNNING ALANT & QUT

Jog 4-5 steps, then plant on the outside leg and cut to
change direction. Accelerate and sprint 5-7 steps at high
speed (80-90% maximum pace) before you decelerate and
do a new plant & cut. Do not let your knee buckle inwards.
Repeat the exercise until you reach the other side, then jog
back. 2sets.

RUNNING HPOUT

Walk or jog easily,stopping at each pair of conesto lift your knee
and rotate your hip outwards. Alternate between left and right
legs at successive cones. 2sets.

RUNNING AROLEPARTNER

Run forwards as a pair to the first set of cones. Shuffle sideways
by 90 degrees to meet in the middle. Shuffle an entire circle
around one other and then return back to the cones. Repeat for
each pair of cones. Remember to stay on your toes and keep
your centre of gravity low by bending your hips and knees. 2sets.

RUNNING QUICK FORNARDS & BACKWARDS

As a pair, run quickly to the second set of cones then run
backwards quickly to the first pair of cones keeping your hips
and knees slightly bent. Keep repeating the drill, running two
cones forwards and one cone backwards. Remember to take
small, quick steps. 2sets.

RUNNING BOUNDING

Run with high bounding steps with a high knee lift, landing
gently on the ball of your foot. Use an exaggerated arm
swing for each step (opposite arm and leg). Try not to let
your leading leg toss the midline of your body or let your
knees buckle inwards. Repeat the exercise until you reach
the other side of the pitch, then jog back to recover. 2sets.




Appendix B: CON Strength and Conditioning component

C PROGRAMME

LEVEL1

THE BENCH

Starting position: Lie an your front, supporting yourself on your forearms
and feet. Your elbows should be directly under your shoulders.

Exercise: Lift your body up, supported on your forearms, pull your stomach
in, and hold the position for 20-30 sec. Your body should be in a straight
line. Try not to sway or arch your back. 3 sets.

SIDEWAYS BENCH

STATIC

Starting position: Lie on your side with the knee of your lowermost leg
bent to 90 degrees. Support your upper body by resting on your forearm
and knee. The elbow of your supporting arm should be directly under your
shoulder.

Exercise: Lift your uppermost leg and hips until your shoulder, hip and
knee are in a straight line. Hold the position for 20-30 sec. Take a short
break, change sides and repeat. 3 sets on each side.

HAMSTRINGS

BEGINNER

Starting position: Kneel on a soft surface. Ask your partner to hold your
ankles down firmly.

Exercise: Your body should be completely straight from the shoulder to the
knee throughout the exercise. Lean forward as far as you can, controlling
the movement with your hamstrings and your gluteal muscles. When you
can no longer hold the position, gently take your weight on your hands,
falling into a push-up position. Complete a minimum of 3-5 repetitions
and/or 60 sec. 1set.

SINGLE-LEG STANCE

HOLD THE BALL

Starting position: Stand on one leg.

Exercise: Balance on one leg whilst holding the ball with both hands. Keep
your body weight on the ball of your foot. Remember: try not to let your
knees buckle inwards. Hold for 30 sec. Change legs and repeat. The exercise
can be made more difficult by passing the ball around your waist and/or
under your other knee.

2sets.

SQUATS

WITH TOE RAISE

Starting position: Stand with your feet hip-width apart. Place your hands
on your hips if you like.

Exercise: Imagine that you are about to sit down on a chair. Perform squats
by bending your hips and knees to 90 degrees. Do not let your knees buckle
inwards. Descend slowly then straighten up more quickly. When your legs
are completely straight, stand up on your toes then slowly lower down
again. Repeat the exercise for 30 sec. 2 sets.

JUMPING

VERTICAL JUMPS

Starting position: Stand with your feet hip-width apart. Place your hands
on your hips if you like.

Exercise: Imagine that you are about to sit down on a chair. Bend your
legs slowly until your knees are flexed to approx.. 90 degrees, and hold for
2 sec. Do not let your knees buckle inwards. From the squat position, jump
up as high as you can. Land softly on the balls of your

feet with your hips and knees slightly bent. Repeat the exercise for 30 sec.
2 sets.

THE BENCH

ALTERNATE LEGS

Starting position: Lie on your front, supporting yourself on your forearms and
feet. Your elbows should be directly under your shoulders.

Exercise: Lift your body up, supported on your forearms, and pull your

stomach in. Lift each leg in turn, holding for a count of 2 sec. Continue for 40-

60 sec. Your body should be in a straight line. Try not to sway or arch your
back. 3 sets.

SIDEWAYS BENCH

RAISE & LOWER HIP

Starting position: Lie on your side with both legs straight. Lean on your
forearm and the side of your foot so that your body is in a straight line
from shoulder to foot. The elbow of your supporting arm should be
directly beneath your shoulder.

Exercise: Lower your hip to the ground and raise it back up again. Repeat
for 20-30 sec. Take a short break, change sides and repeat. 3 sets on each
side.

HAMSTRINGS

INTERMEDIATE

Starting position: Kneel on a soft surface. Ask your partner to hold your
ankles down firmly.

Exercise: Your body should be completely straight from the shoulder to the
knee throughout the exercise. Lean forward as far as you can, controlling
the movement with your hamstrings and your gluteal muscles. When you
can no longer hold the position, gently take your weight on your hands,
falling into a push-up position. Complete a minimum of 7-10 repetitions
and/or 60 sec. 1set.

SINGLE-LEG STANCE

THROWING BALL WITH PARTNER

Starting position: Stand 2-3 m apart from your partner, with each of you
standing on one leg.

Exercise: Keeping your balance, and with your stomach held in, throw the
ball to one another. Keep your weight on the ball of your foot.
Remember: keep your knee just slightly flexed and try not to let it buckle
inwards. Keep going for 30 sec.

Change legs and repeat. 2 sets.

SQUATS

WALKING LUNGES

Starting position: Stand with your feet hip-width apart. Place your hands
on your hips if you like.

Exercise: Lunge forward slowly at an even pace. As you lunge, bend your
leading leg until your hip and knee are flexed to 90 degrees. Do not let
your knee buckle inwards. Try to keep your upper body and hips steady.
Lunge your way across the pitch (approx. 10 times on each leg) and then
Jjog back. 2 sets.

JUMPING

LATERAL JUMPS

Starting position: Stand on one leg with your upper body bent slightly
forwards from the waist, with knees and hips slightly bent.

Exercise: Jump approx. 1 midways from the supporting leg on to the free
leg. Land gently on the ball of your foot. Bend your hips and knees slightly
as you land and do not let your knee buckle inward. Maintain your balance
with each jump.

Repeat the exercise for 30 sec. 2 sets.

LEVEL 3

THE BENCH

ONE LEG LIFT AND HOLD

Starting position: Lie on your front, supporting yourself on your forearms
and feet. Your elbows should be directly under your shoulders.

Exercise: Lift your body up, supported on your forearms, and pull your
stomach in. Lift one leg about 10-15 centimetres off the ground, and hold
the position for 20-30 sec. Your body should be straight. Do not let your
opposite hip dip down and do not sway or arch your lower back. Take a
short break, change legs and repeat. 3 sets.

SIDEWAYS BENCH

WITH LEG LIFT

Starting position: Lie on your side with both legs straight. Lean on your
forearm and the side of your foot so that your body is in a straight line
from shoulder to foot. The elbow of your supporting arm should be directly
beneath your shoulder.

Exercise: Lift your uppermost leg up and slowly lower it down again.
Repeat for 20-30 sec. Take a short break, change sides and repeat. 3 sets
on each side.

HAMSTRINGS

ADVANCED

Starting position: Kneel on a soft surface. Ask your partner to hold your
ankles down firmly.

Exercise: Your body should be completely straight from the shoulder to the
knee throughout the exercise. Lean forward as far as you can, controlling
the movement with your hamstrings and your gluteal muscles. When you
can no longer hold the position, gently take your weight on your hands,
falling into a push-up position. Complete a minimum of 12-15 repetitions
and/or 60 sec. 1set.

SINGLE-LEG STANCE

TEST YOUR PARTNER

Starting position: Stand on one leg opposite your partner and at arm's'
length apart.

Exercise: Whilst you both try to keep your balance, each of you in turn tries
to push the other off balance in different directions. Try to keep your
weight on the ball of your foot and prevent your knee from buckling
inwards. Continue for 30 sec

Change legs. 2 sets.

SQUATS

ONE-LEG SQUATS

Starting position: Stand on one leg, loosely holding onto your partner.
Exercise: Slowly bend your knee as far as you can manage. Concentrate
on preventing the knee from buckling inwards. Bend your knee slowly
then straighten it slightly more quickly, keeping your hips and upper body
in line. Repeat the exercise 10 times on each leg. 2 sets.

JUMPING

BOX JUMPS

Starting position: Stand with your feet hip-width apart. Imagine that there
is a cross marked on the ground and you are standing in the middle of it.
Exercise: Alternate between jumping forwards and backwards, from side to
side, and diagonally across the cross. Jump as quickly and explosively as
possible. Your knees and hips should be slightly bent. Land softly on the
balls of your feet. Do not let your knees buckle inwards. Repeat the
exercise for 30 sec. 2 sets.




Appendix C: INT Strength and Conditioning component

S & C PROGRAMME

THEBENCH

STATIC

Starting position:Lie on your front, supporting yourself on your
forearms and feet. Your elbows should be directly under your
shoulders.

Exercise: Lift your body up, supported on your forearms, pull
your stomach in, and hold the position for 30-60 sec. Your
body should be in a straight line. Try not to sway or arch your
back and keep your hips level. 2sets.

GLUTEHIP THRUST

TWOLESS

Starting position: Lie on your back, position feet hip width
apart. Feet should be positioned roughly a foot length away
from your bottom. Use arms by your side to support shoulders.
Exercise: Drive your hips upwards by pushing through the
heels of your feet and driving knees outwards. When at top of
movement, squeeze bottom and hold for 2-3 seconds. Slowly
lower to the floor and then repeat. 30-60 secs 2sets.

1 GROIN/ ADDUCTORS

- ADDUCTOR COPENHAGEN EXEROSE-KNEE SUPPORT

| Starting position: Lie on your side, supporting yourself on
your forearm with your elbow directly under your shoulder.
Partner using hands or knee , or if alone use a chair to support
your leg just above the knee.
Exercise: Your torso should be completely straight with
supported leg fully extended. Hold this position for the
allotted time and change legs. If comfortable, slowly move
the lower leg. Complete a minimum of 30-60 sec. 2sets.

SINGLELEG

FULL FOOT SPLIT SQUAT

Starting position: Take a half kneel position with one knee
directly under hip and the front knee positioned directly over
the top of the lowest part of your shoelaces.

Exercise: Push through the mid-foot of the front foot to extend
front knee while maintaining upright torso. Do not let your
knee buckle inwards. Descend until rear knee is nearly
touching the ground, while still maintaining upright torso.
Tempo is controlled .(approx. Dtimes on each leg). 2sets.

TWO LEGS

. BODYWHGHT SQUAT
Starting position: Stand with your feet hip-width apart. Place
your hands on your hips if you like.
Exercise: Imagine that you are about to sit down on a chair.
Perform squats by bending your hips and knees to 90 degrees.
Do not let your knees buckle inwards. Descend slowly then
straighten up more quickly. Complete D reps 2sets.

PLYOMETRICS

LINEAR LEGEXCHANGELEAPS

Exercise: A step-leap where the legs are staggered front-
bank for a longer narrow base. While in the air, exchange
front-back and alternate over the total reps or distance.
Contacts should be on the balls of the feet. This can be done
on the same spot if space islimited or while moving forwards
over the set distance. Key coaching cues points are leaps for
height, distance and fast ground contacts (‘Ping’). Complete
a minimum of 20 repetitions or 10-15 metres while moving
forward. 3sets.

HAMSTRINGS
NORDICHAMSTRNGLOWER

- Starting position: Kneel on a soft surface. Use a partner or
heavy object to fix your ankles down firmly.

Exercise: Your body should be completely straight from the
shoulder to the knee throughout the exercise. Lean forward
as far as you can, controlling the movement with your
hamstrings and your gluteal muscles. When you can no
longer hold the position, gently take your weight on your
hands, falling into a push-up position. Complete a minimum
of 3-5repetitions and/ or 60 sec. 1set.

v THEBENCH

ALTERNATELEGS

Starting position:Lie on your front, supporting yourself on your
forearms and feet. Your elbows should be directly under your
shoulders.

Exercise: Lift your body up, supported on your forearms, and
pull your stomach in. Lift each leg in turn, holding for a count
of 2 sec. Continue for 30-60 sec. Your body should be in a
straight line. Try not to sway or arch your back and keep your
hips level. 2sets.

GLUTEHIP THRUST

SNGLELEG

Starting position: Lie on your back, position feet hip width
apart. Feet should be positioned roughly a foot length away
from your bottom. Use arms by your side to support shoulders.
Extend one leg while ensuring knees are the same height
Exercise: Drive your hips upwards by pushing through the heel
of your foot and driving knees outwards. When at top of
movement, squeeze bottom and hold for 2-3 seconds. Slowly
lower to the floor. Alternate leg each rep 30-60 secs 2sets.

GROIN/ ADDUCTORS

~ ADDUCTORCOPENHAGEN EXEROSE-ANKLE SUPPPORT

Starting position: Lie on your side, supporting yourself on your
forearm with your elbow directly under your shoulder. Partner
using hands or knee , or if alone use a chair to support your leg
just above the ankle.

Exercise: Your torso should be completely straight with
supported leg fully extended. Hold this position for the allotted
time and change legs. If comfortable, slowly move the lower
leg. Complete a minimum of 30-60sec. 2sets.

SINGLE LEG

BIGTOESPLIT SQUAT

Starting position: Same as level 1but front knee is positioned
directly over the big toe. Raise heel off the floor and put weight
through big toe.

Exercise: Push through the big toe of the front foot, while
ensuring heel is off the floor,and extend the front knee while
maintaining upright torso. Do not let your knee buckle
inwards. Descend until rear knee is nearly touching the
ground, while still maintaining upright torso. Tempo is
controlled .(approx. 0times on each leg). 2sets.

TWO LEGS

- SQUAT IUVPS

Starting position: Stand with your feet hip-width apart. Place

. your hands on your hips if you like.

Exercise: Imagine that you are about to sit down on a chair.
Bend your legs slowly until your knees are flexed to approx..
90 degrees, and hold for 2 sec. Do not let your knees buckle
inwards. From the squat position,jump up as high as you can.
Land softly on the balls of your

feet with your hips and knees slightly bent. Complete Sreps.
3sets

PLYOMETRICS

LATERAL: SDBENAYSLEAPS

Exercise: A sideways leap where both feet, set at hip width
apart, make contact with the ground at the same time. If
space is limited, alternate direction of each leap. If using a
set distance, complete distance leaping in one direction and
then return back to start leaping the other direction. Key
coaching cues are leaps for height, distance and fast ground
contacts (‘Ping’). Complete a minimum of 20 repetitions or
10-15 metres while moving sideways. Complete moving in
both directions to complete 1set . 3sets.

HAMSTRINGS
NORDICHAMSTRNGLOWER
Starting position: Kneel on a soft surface. Use a partner or

~ heavy object to fix ankles down firmly.
Exercise: Your body should be completely straight from the

shoulder to the knee throughout the exercise. Lean forward
as far as you can, controlling the movement with your
hamstrings and your gluteal muscles. When you can no
longer hold the position, gently take your weight on your
hands, falling into a push-up position. Complete a minimum
of 6-1repetitions and/ or 60 sec. 1set.
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Auckland University of Technology Ethics Committee (AUTEC)

Auckland University of Technology
D-88, Private Bag 92006, Auckland 1142, NZ
T:+64 9 921 9999 ext. 8316

E: ethics@aut.ac.nz

www.aut.ac.nz/researchethics

6 July 2021

Michael McGuigan
Faculty of Health and Environmental Sciences

Dear Michael

Re Ethics Application: 21/177 The 11+ Part 2: Can it be improved to further enhance performance in female youth
football players?

Thank you for providing evidence as requested, which satisfies the points raised by the Auckland University of Technology
Ethics Committee (AUTEC).

Your ethics application has been approved for three years until 6 July 2024.
Non-Standard Conditions of Approval

1. Edit the Information Sheet for coaches so that it uses the correct pronouns i.e. you for the coach and they for the
participants.

Non-standard conditions must be completed before commencing your study. Non-standard conditions do not need to be
submitted to or reviewed by AUTEC before commencing your study.

Standard Conditions of Approval

1. The research is to be undertaken in accordance with the Auckland University of Technology Code of Conduct for
Research and as approved by AUTEC in this application.

2. Aprogress report is due annually on the anniversary of the approval date, using the EA2 form.

A final report is due at the expiration of the approval period, or, upon completion of project, using the EA3 form.

4. Any amendments to the project must be approved by AUTEC prior to being implemented. Amendments can be
requested using the EA2 form.

5. Any serious or unexpected adverse events must be reported to AUTEC Secretariat as a matter of priority.

6. Anyunforeseen events that might affect continued ethical acceptability of the project should also be reported to the
AUTEC Secretariat as a matter of priority.

7. It is your responsibility to ensure that the spelling and grammar of documents being provided to participants or
external organisations is of a high standard and that all the dates on the documents are updated.

w

AUTEC grants ethical approval only. You are responsible for obtaining management approval for access for your research from
any institution or organisation at which your research is being conducted and you need to meet all ethical, legal, public health,
and locality obligations or requirements for the jurisdictions in which the research is being undertaken.

Please quote the application number and title on all future correspondence related to this project.

For any enquiries please contact ethics@aut.ac.nz. The forms mentioned above are available online through
http://www.aut.ac.nz/research/researchethics

(This is a computer-generated letter for which no signature is required)

The AUTEC Secretariat
Auckland University of Technology Ethics Committee

Cc: james.farr@nzfootball.co.nz
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Participant Information Sheet

Date Information Sheet Produced:
30/06/2021
Project Title
The 11+ Part 2: Can it be improved to further enhance performance in female youth football players?
An Invitation

Hello, my name is James Farr and | am a player welfare officer for New Zealand Football. My primary duty in this
role is to educate and assist clubs and players in different ways of preventing injury and enhancing performance.
This research is for my Master of Philosophy thesis investigating enhancing athletic performance using an
alternative format of the part 2 of the FIFA 11+ warm-up. | would like to invite you to take part in this research. You
will not be individually identified in any of the results or outcomes from this research and your personal results will
not be shared with any coaches from your club or given to any New Zealand Football national team selectors or
federation talent and development selectors.

The intention of this study is to publish the research in an academic journal. As mentioned above, no identifiable
information will be published in these journal articles and any individual results shown.

What is the purpose of this research?

The purpose of this research is to determine which format of part 2 of the FIFA 11+ has the most significant effect
on athletic performance in female youth footballers. The results may benefit the well-being of footballers and
develop football coaches’ knowledge of training programmes. It may also help promote the warm-up programme
in the New Zealand Football community and improve educational programmes for football coaches. The findings of
this research may be used for academic publications and presentations.

How was | identified and why am | being invited to participate in this research?

You, alongside other female footballers, have been identified in the Wellington region to participate in this study.
You fit into the age range that has been outlined (16-24 years of age) in the research proposal and your coach will
have spoken to you about attending this meeting with myself to discuss this research and the part you could play
in it.

How do | agree to participate in this research?

There is a consent form provided for you to sign, if you agree to participate in this research. | advise you to speak
to your parents/guardians, partners and friends about this research before you sign the consent form.

Your participation in this research is voluntary (it is your choice) and whether or not you choose to participate will
neither advantage nor disadvantage you. You are able to withdraw from the study at any time. If you choose to
withdraw from the study, then you will be offered the choice between having any data that is identifiable as
belonging to you removed or allowing it to continue to be used. However, once the findings have been produced,
removal of your data may not be possible.

The coaches will be not be informed of results from any of the performance testing, so this will not affect any
selection process throughout the football season. Other organisations such as New Zealand Football or Capital
Football (Federation) will also not be informed of any individual results.

If you are suffering from heart disease, high blood pressure, any respiratory condition (mild asthma excluded), any
illness or injury that impairs your physical performance you will not be able to participate in this study.

What will happen in this research?

This study will investigate what effect a modification of the FIFA 11+ part 2 warm-up has on athletic performance.
Female community football players between the ages of 16-24 years old have been approached to be participants.
You and the other participants will then be randomised into either the control group or the intervention group.
Both groups will carry out the general part 1 and 3 of the FIFA 11+ at the beginning a football training session o;g
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match. These parts involve running, jumping and changes in direction at varying speeds covering a space of 30
metres x 5 metres. Completion of these two parts will ensure that you are physically prepared for the demands of
the training session or match you are about to participate in. Part 1 and 3 will be termed as ‘training and match day
warm-up’. This warm-up should take no longer than 15 minutes to complete at the start of training sessions or
matches.

The two variations of part 2 will be termed ‘strength and conditioning’ and will involve you completing a set of
exercises made up of lower body strength, core and jumping exercises designed to improve your athletic physical
performance and reduce injury. This should take no longer than 10-15 minutes to complete. You will be given the
freedom to complete the strength and conditioning session at a time that suits your schedule and can be done at a
variety of times and locations. Some examples are:

[1 before you take to the training pitch in the dressing room
[J after a training session on the pitch

[J inyour living room at home

[J  during a break at work

Over the 8-week period of the study, you will be expected to undertake the training and match day warm-up before
every football training session and match, and to complete the strength and conditioning session 3 times each
week.

There will be continuous support from the primary researcher over the 8-week period of the study to further
educate you and your coaches on the importance of quality of movement technique and to help with exercise
progressions. You will be tested on a range of performance measures before and after the 8-week intervention
period. The tests involved will be:

[J 20 metre speed tests using speed gates will be performed twice. Times will be collected at 5 metre, 10
metre and 20 metre intervals. This will be repeated three times.

[J A change of direction test, also using speed gates, that will involve running to a set line and turning 180
degrees. You will be required to complete this test three times by turning off both your right and left leg.

[0 Isometric mid-thigh pull using a fixed bar set in front of the thighs. This is performed using force plates and
will involve you pulling as hard as possible on the fixed bar to exert force into the ground. The force plates
will measure the force that you produce against them (see figure 1 below).

[J Jump performance tests will be performed using force plates. These tests will involve you jumping as high
as you can five times and will measure your jump height and explosiveness.

[J  Agroin squeeze test using a pressure gauge positioned between the knees. This will show how strong the
muscles in the groin region are (see figure 2 below).

Figure 1 'v Figure 2

The testing will take place at the Hurricanes Super Rugby training base, Rugby League Park, Newtown, Wellington,
6021.

What are the discomforts and risks?

Some of the physical movement tests you will carry out will require physical exertion, but should not place you

under any major injury risk. These exercises and tests will involve movements that you typically perform as part of
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your normal training and match play. You will be instructed on how to perform the testing movements correctly
and safely by myself (an experienced strength and conditioning coach) and a warm-up will be provided before any
testing takes place, to reduce any risk of injury.

How will these discomforts and risks be alleviated?
Myself, as the primary researcher, is first aid trained and will be present at all testing sessions.
What are the benefits?

You will have an opportunity to trial some performance tests that are commonly used in high-performance sport,
that you wouldn’t usually. This will allow you to experience some of the performance testing many of the top players
in world football would undertake.

You will be able to ask the primary researcher what your personal scores/times are.

You will be coached on how to jump and land effectively and change direction safely with better technique. This
could help improve your game and allow you to continue playing football/sport for longer.

What compensation is available for injury or negligence?

In the unlikely event of a physical injury as a result of your participation in this study, rehabilitation and
compensation for injury by accident may be available from the Accident Compensation Corporation, providing the
incident details satisfy the requirements of the law and the Corporation's regulations.

How will my privacy be protected?

The only personal information any of the research group will have is your name and date of birth and the only
person who will see this information is the primary researcher. All other research assistants will only know you by
an identification number and will have no access to your personal information. Your coaches and football clubs will
know who is participating in the study but will not be given any information about your results. Any private
information you have given me will be stored safely on a password protected hard drive, as per the university’s
policies.

What are the costs of participating in this research?

There is no financial cost to participate in this research. You will have to commit to 2 x 1 hour testing periods, 8
weeks apart and will be expected to carry out the FIFA 11+ warm-up protocol 2-3 times a week. This will take
approximately 10-12 minutes to complete at the start of training sessions and matches, and 10 minutes in your own
time away from the football pitch. In total, the protocols and testing will approximately take 8-12 hours to carry
out over the 8-week period.

What opportunity do | have to consider this invitation?

You will be given up to a two-weeks after receiving the informed consent form to decide whether you wish to
participate in the research. | will attend a club training session a second time to answer any questions and will
collect consent forms at the first testing session. | advise you to speak to your parents to discuss this information
sheet in more detail to potentially help inform you more before deciding on your participation in this study. You
will also be able to contact me the primary researcher, if you have any questions or wish to send the form to me
directly.

Will | receive feedback on the results of this research?

Yes, once the study has been completed and the data has been checked. | will provide you with your individual
results and the general summary of the results for the whole study if you have ticked the appropriate areas of the
consent form. Personal results will not be discussed as a group.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project Supervisor,
Professor Mike McGuigan, michael.mcguigan@aut.ac.nz, +64 9 921 9999 ext 7580

Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC,
ethics@aut.ac.nz , (+649) 921 9999 ext 6038.
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Whom do | contact for further information about this research?

Please keep this information sheet and a copy of the consent form for your future reference. You are also able to
contact the research team as follows:

Researcher Contact Details:
Mr James Farr, james.farr@nzfootball.co.nz
Project Supervisor Contact Details:
Professor Mike McGuigan, michael.mcguigan@aut.ac.nz, +64 9 921 9999 ext 7580

Approved by the Auckland University of Technology Ethics Committee on 6 July 2021, AUTEC Reference number 21/177
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Consent Form

Project title: The 11+ Part 2: Can it be improved to further enhance performance in female youth

football players?

Project Supervisor: Professor Mike McGuigan, michael.mcquigan@aut.ac.nz

Researcher: James Farr, james.farr@nzfootball.co.nz

O I have read and understood the information provided about this research project in the Information Sheet

dated 30/06/2021.

O I have had an opportunity to ask questions and to have them answered.

O | understand that taking part in this study is voluntary (my choice) and that | may withdraw from the study at
any time without being disadvantaged in any way.

O | understand that if | withdraw from the study then | will be offered the choice between having any data that
is identifiable as belonging to me removed or allowing it to continue to be used. However, once the findings
have been produced, removal of my data may not be possible.

O I am not suffering from heart disease, high blood pressure, any respiratory condition (mild asthma excluded),
any illness or injury that impairs my physical performance.

O | agree to take part in this research.

O | wish to receive a summary of the research findings (please tick one): YesO NoO

O | wish to receive a copy of my individual results (please tick one): YesO NoO

PartiCipant’s SIZNAtUIE:  ...eeiiiiiee et e st e e s et et reete st e e e n s et et eaeerenee s

PartiCipant’s NAME: oo ettt s e b e et e et s et ea e e r e eee

Participant’s Contact Details (if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on 6 July 2021, AUTEC Reference number
21/177

Note: The Participant should retain a copy of this form.
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