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ABSTRACT  

 

ii 
 

Some studies have investigated the effects of the FIFA 11+ program on physical 

abilities of young athletes in order to demonstrate performance benefits, which may 

eventually improve its implementation and ultimately, injury prevention. Few of these 

studies were among female soccer athletes and none considered athletes below 13 years of 

age. This study was conducted to investigate the effects of the FIFA 11+ on Y-balance scores 

(a composite assessment of balance, strength and flexibility) of young female athletes, 

compared to a traditional warm up program after an indoor soccer season. Thirty-nine 

girls (9 – 11 years) from a local soccer club participated in this study. No significant 

difference was found between the intervention and comparison groups nor between 

preseason and postseason scores. Further studies should evaluate barriers to compliance 

with the 11+ and identify possible elimination strategies. Incorporation of flexibility 

exercises may improve performance on the Y-Balance Test. 
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GLOSSARY OF TERMS 

ACL: Anterior cruciate ligament 

ASIS: Anterior superior iliac spine 

CG: Centre of gravity 

CSA: Canadian Soccer Association 

FIFA: Federation Internationale de Football Association 

FITT-VP: Frequency, Intensity, Time, Type, Volume and Progression 

F-MARC: (FIFA) Medical Advisory and Research Center 

ICC: Intra class correlation 

IPP: Injury Prevention Program 

KLIP: Knee Ligament Injury Prevention Program 

mSEBT: modified Star Excursion Balance Test. A physical performance test used to assess 

dynamic balance in 3 directions (anterior (Ant), posteromedial (PM) and posterolateral 

(PL)) marked on the ground with tape. 

PEP: Prevent injury and Enhance Performance program 

SAID: Specific adaptation to imposed demand 

SEBT: Star Excursion Balance Test. A physical performance test used to assess dynamic 

balance in eight different directions, marked on the ground with tape. 
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SEM: Standard error of measurement 

U10: A division of a soccer club comprised of athletes who are 10 years of age and under 

U11:  A division of a soccer club comprised of athletes who are 11 years and under 

YBT: A physical performance test used to assess dynamic balance in 3 directions; Ant, PM 

and PL on a specially designed kit, marked with calibrations.
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INTRODUCTION 

Soccer is one of the most widely recognized sports in the world as it is played in 

almost every country. It is enjoyed and played by as many as 265 million people worldwide 

(Kunz, 2007). It is also seen as a major unification factor for many nations as demonstrated 

in various international competitions such as the Federation Internationale de Football 

Association (FIFA) World Cup competitions and Olympic Games.  

Despite the beauty of the game, soccer is associated with a high risk for injuries 

including strains, sprains and fractures (Adams & Schiff, 2006). Interestingly, females are 

more susceptible to certain kinds of injuries than males. For instance, they are 2 to 8 times 

more likely to sustain an anterior cruciate ligament (ACL) tear than their male counterparts 

(Arendt & Dick, 1995; Mountcastle, Posner, Kragh, & Taylor, 2007; Toth & Cordasco, 2001). 

This leads to loss of hours of play (Giannotti, Al-Sahab, McFaull, & Tamim, 2011; Myklebust 

& Bahr, 2005), work (Dvorak & Junge, 2000; Hoy, Lindblad, Terkelsen, Helleland, & 

Terkelsen, 1992) and school (Giannotti et al., 2011), reduced physical performance (Adams 

& Schiff, 2006; Myklebust & Bahr, 2005), quality of life, pain and a consequent risk for 

recurrence (Oiestad et al., 2010). These injuries present a huge socio-economic burden 

including income loss (Dvorak & Junge, 2000), direct financial cost of treatment (de Loes, 

Dahlstedt, & Thomee, 2000; Janssen, Orchard, Driscoll, & van Mechelen, 2012; Silvers & 

Mandelbaum, 2007) and barrier to social participation and inclusion.  

Significant effort has been made at developing effective strategies to prevent 

injuries during play and training through development of injury prevention programs 

(IPPs). The FIFA 11+ warm up program is a soccer-specific IPP, which involves components 

such as sprinting, strengthening, balance, and plyometric exercises (Bizzini, M., Junge, A., 
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&Dvorak, J., 2011), developed to simulate common movements in soccer. The FIFA 11+ 

program has been found to reduce injury rates among athletes (Grooms, Palmer, Onate, 

Myer, & Grindstaff, 2013; Owoeye, Akinbo, Tella, & Olawale, 2014; Silvers-Granelli et al., 

2015; Soligard et al., 2008; Steffen et al., 2013) and has been implemented in several 

countries (Bizzini, Junge, & Dvorak, 2013) but the program has a compliance issue among 

coaches and players (Steffen et al., 2013). It has been suggested that showing physical 

performance effects of the program may earn it a more favorable reception by the soccer 

community and hence improve compliance from the stakeholders (Bizzini & Dvorak, 2015). 

Some studies have shown the ability of the 11+ program to improve dynamic 

balance and jumping ability in soccer athletes (Daneshjoo, Mokhtar, Rahnama, &Yusof, 

2013b; Steffen et al., 2013) but none have included younger athletes in their early 

developmental stages when there is a higher chance for performance improvement and 

injury risk reduction (Hrysomallis, 2011; Sugimoto et al., 2016). Therefore, it is important 

to introduce the 11+ program at a younger age (Sugimoto et al., 2016), and measure its 

effects on physical performance in these younger athletes. 

SOCCER INJURIES 

Injury Rate 

Soccer is a highly competitive game between two teams. Eleven players on the field 

represent each team at a time, although a team is usually comprised of more than 11 

members. The main objective of the game is to score into the opponent’s goal while 

preventing the opponent from scoring against your team. As a result, the sport requires 

aggressive tackling and defensive skills which involve sudden changes in direction (as 
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found in planting and cutting maneuvers), jumping, and landing, all at a high speed, making 

the propensity for injury occurrence relatively high in soccer (Wong & Hong, 2005). The 

most common injuries recorded in soccer are contusions, strains and sprains, mainly 

affecting the ankle and knee joints (Adams & Schiff, 2006; Dvorak & Junge, 2000; Giza & 

Micheli, 2005; Nery, Raduan, & Baumfeld, 2016). Generally, injury rates in soccer have been 

reported at 0.5 to 45 injuries per 1000 hours of practice and games depending on 

environment (indoor vs. outdoor) and the population characteristics such as sex, age and 

level of play (Dvorak & Junge, 2000; Inklaar, 1994a). 

In Canada, interest in youth soccer is growing, as shown by the number of youth 

players registered across the country (Canadian Soccer Association, 2011; Canadian Soccer 

Association, 2012). A recent Canadian Soccer Association (CSA) annual report showed that 

44% of all Canadian youth participate in soccer (CSA, 2012). These young people are not 

immune to injury. Over 4% of the injuries among 5 – 19 year old Canadians presenting to 

emergency departments were associated with soccer (Giannotti et al., 2011). For injuries 

that occurred during recreational activities, 13% were soccer related, while 21.5% of team 

sports injuries were soccer specific (Giannotti et al., 2011). Similarly, a smaller local study 

determined that 12% of sports injuries in Calgary area junior high school students were 

reported to be due to soccer (Emery & Tyreman, 2009). 

The overall injury rate reported for young athletes (aged 12-18 years) varies 

depending on level of play, age, and participation in games vs. practices. There is fair 

consistency in the literature on the effect of age, and participation in games or practices on 

injury rate, but not with level of play. Injury rate appears to increase with age (Adams & 

Schiff, 2006; Dvorak & Junge, 2000; Giza & Micheli, 2005), and is also higher in games 
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compared to practices (Dvorak & Junge, 2000; Wong & Hong, 2005). The chance for injuries 

occurring was reported to be 4 to 6 times higher during games than practices (Giza & 

Micheli, 2005; Hagglund, Walden, Bahr, & Ekstrand, 2005; Nery et al., 2016), perhaps as a 

result of higher propensity for intense competition during games. The incidence rate 

during practices has been reported as 2.3-5.6 injuries per 1000 hours, vs. about 45 per 

1000 hours of game participation (Dvorak & Junge, 2000; Giza & Micheli, 2005; Nilsson, 

Ostenberg, & Alricsson, 2016). In a study of 38 English youth club academies, each player 

sustained an average of 0.4 injuries per season (Price, Hawkins, Hulse, & Hodson, 2004). In 

another study, elite players sustained between 0.7 to 2 injuries per season (Nilsson et al., 

2016). Some studies report increased injury rates at higher levels of play (Bjordal, Arnly, 

Hannestad, & Strand, 1997; Emery, Meeuwisse, & Hartmann, 2005; Inklaar, Bol, Schmikli, & 

Mosterd, 1996; Nielsen & Yde, 1989) while other studies report greater injury rates at 

lower levels, or no difference between levels of play (Ekstrand & Tropp, 1990; Poulsen, 

Freund, Madsen, & Sandvej, 1991). 

It appears that evidence on sex-specific injury rates in youth soccer is inconsistent. 

In young male players, injury rate was reported at 5.6 to 15.5per 1000 hours of 

participation among 43 elite soccer athletes (Nilsson et al., 2016), whereas an overall 

incidence rate of 1.2 to 24 injuries per 1000 hours of play was reported among female 

athletes (Clausen et al.; Le Gall, Carling, & Reilly, 2008; Sentsomedi & Puckree, 2016; 

Soderman, Adolphson, Lorentzon, & Alfredson, 2001). However, some authors report lower 

overall injury rates among young female athletes than their male counterparts (Dvorak & 

Junge, 2000), while a review reported higher overall and practice injury rates but lower 

competition injury rates among young female athletes than their male counterparts (Wong 
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& Hong, 2005). In a study of soccer injuries among children and youth treated in United 

States emergency departments (n=144,600), the injury rate for females was found to be 

greatest among the 10 - 14 year old age group but in males, it was greater in the 5 - 9 and 

15 - 19 year old age groups compared to the 10 -14 year old group (Adams & Schiff, 2006). 

The injury rate in female soccer has been reported to be the highest among athletes under 

18 years of age whereas men between 18 and 34 years of age have the highest injury rates 

among male soccer athletes (Schmikli, Backx, Kemler, & van Mechelen, 2009). In Canada, 

analysis of youth data from the Canadian Hospitals Injury Reporting and Prevention 

Program showed a higher injury rate among female soccer athletes compared to male 

athletes (Giannotti et al., 2011). About 15% and 31.5% of all injuries from 

recreational/physical activities and team sports respectively, were attributed to female 

soccer while 12% and 17.9% of these injuries were associated with male soccer players 

(Giannotti et al., 2011). 

While the overall picture of sex differences in soccer injury rates is conflicted, there 

is consistent evidence that shows greater risk for specific injuries such as ACL rupture and 

other knee injuries among young females, compared to male soccer athletes (Giza & 

Micheli, 2005; Joseph et al., 2013; Louw, Manilall, & Grimmer, 2008). In this regard, female 

athletes may be impacted more heavily by the consequences of soccer related injuries. 

Cost of Injury 

The burden of injury in soccer includes direct and indirect costs, encompassing 

financial costs of injury as well as other psychosocial and health problems associated with 

injury occurrence. The average direct cost of treating a soccer injury has been estimated at 

$150, aggregating to an annual global cost of $30 billion (USD)(Dvorak & Junge, 2000). The 
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hospital costs associated with ACL reconstructions specifically were estimated to be over 

$75 million per annum in Australia and over $2 billion dollars in the USA annually (Janssen 

et al., 2012; Silvers & Mandelbaum, 2007) whereas, the average cost of treatment for a knee 

injury (including ACL injuries) due to soccer was $920 and $1861(USD) among male and 

female athletes respectively (de Loes et al., 2000). 

In adult soccer athletes, indirect financial costs of injury can accrue from loss of 

income due to disability and subsequent loss of hours of work (Hoy et al., 1992). For 

instance, indoor and outdoor soccer were two of nine sports that contributed to a cost of 

420 million euros lost per year to sports injury related work absence (Schmikli et al., 

2009). In school age athletes, loss of school hours is another significant problem (Adams & 

Schiff, 2006; Giannotti et al., 2011). Participation restriction due to injury may lead to 

individuals not partaking in their elected economic, educational and leisure activities and 

hence, could adversely affect quality of life, self-esteem and psychological health (Hagger, 

2005). For children who have yet to reach full development, such restrictions could 

potentially lead to a decline in physical activity, as well as unfulfilled dreams and 

aspirations. Hence, injury can significantly impact physical, social and psychological health. 

Furthermore, ACL injuries specifically present significant consequences, not only in terms 

of direct medical costs, but also an increased risk of developing osteoarthritis at a later age, 

especially with a co-existing meniscal injury (Myklebust & Bahr, 2005; Oiestad et al., 2010). 

Due to the numerous consequences associated with soccer injuries, an understanding of 

factors contributing to injury risk is important. 
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Injury Risk Factors in Female Soccer Athletes 

Injury susceptibility of the knee and especially the ACL is thought to be higher 

among female athletes (Louw et al., 2008) due to a variety of risk factors (Shultz et al., 

2015). Of these, non - modifiable risk factors include anatomical, hormonal and genetic 

factors. Anatomical factors associated with increased risk of ACL injury include increased 

knee joint laxity (Rozzi, Lephart, Gear, & Fu, 1999), smaller femoral notch width 

(Domzalski, Grzelak, & Gabos, 2010; Whitney et al., 2014; Zeng et al., 2013), smaller 

ligament size (Chaudhari, Zelman, Flanigan, Kaeding, & Nagaraja, 2009; Whitney et al., 

2014), and greater tibial plateau slope (Beynnon et al., 2014; Lipps, Oh, Ashton-Miller, & 

Wojtys, 2012; Stijak, Herzog, & Schai, 2008). Hormonal factors are related to the presence 

and variations in levels of estrogen, testosterone and relaxin hormones in females (Shultz 

et al., 2015). Genetic coding that influences collagen synthesis has also been associated 

with increased ACL ruptures in females (Shultz et al., 2015). Some other non-modifiable 

risk factors include previous injury, climate, pitch surface, field conditions, and physical 

maturity (Dvorak & Junge, 2000). 

Modifiable risk factors on the other hand, include neuromuscular and biomechanical 

characteristics of the athlete demonstrated during high-risk movements such as planting 

and pivoting, or landing from a jump. Decreased muscle strength, increased muscle 

tightness, and muscle asymmetry have been associated with increased risk for injury in 

soccer (Ekstrand & Gillquist, 1983; Inklaar, 1994b). Deficits in hamstring strength and 

recruitment may increase the load on the ACL from the quadriceps’ action, which tends to 

increase ACL injury risk (Alentorn-Geli et al., 2009; Renstrom, Arms, Stanwyck, Johnson, & 

Pope, 1986). Studies of ACL injury situations associate excessive ACL loading and injury 
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with biomechanical factors such as high knee abduction and internal rotation moments, 

increased knee extension, elevated degree of lateral trunk flexion, posteriorly displaced 

center of mass, anterior tibial translation and tibial compression forces (Alentorn-Geli et 

al., 2009; Shultz et al., 2015). An erect trunk is associated with increased vertical ground 

reaction forces which increases the ACL loading that can lead to injury (Blackburn & Padua, 

2009; Shimokochi, Yong Lee, Shultz, & Schmitz, 2009). Female athletes have been reported 

to display these biomechanical characteristics more often than male athletes, which may 

underlie the ACL injury rate disparity between female and male athletes (Sutton & Bullock, 

2013). Fortunately, modifiable risk factors can be influenced via IPPs that are specifically 

designed to alter these risk factors in order to prevent injuries.  

INJURY PREVENTION PROGRAMS 

Components 

Injury prevention programs are designed with key components that target elements 

of the neuromuscular system required for function and control, and are aimed at altering 

injury risk factors (e.g. increased knee abduction moment, and increased trunk lateral 

displacement)(Shultz et al., 2015), and ultimately injury occurrence.  Evidence has shown 

that these focused neuromuscular training programs can be successful (Michaelidis & 

Koumantakis, 2014). 

Neuromuscular training is often designed into an IPP that includes a mix of 

components such as strength exercises, cardiovascular conditioning, plyometrics, core 

stability training, power training, flexibility, balance, and agility exercises (Michaelidis & 

Koumantakis, 2014). A few programs such as the Knee Ligament Injury Prevention (KLIP) 
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program (Pfeiffer, Shea, Roberts, Grandstrand, & Bond, 2006), and another training 

program (Söderman, Werner, Pietilö, Engström, & Alfredson, 2000) have looked at the 

effects of single component programs on injury rates. These programs included 

plyometrics and balance training respectively and did not result in any reduction in the 

number of ACL (Pfeiffer et al., 2006) or lower extremity (Söderman et al., 2000) injuries 

among the intervention groups, compared to the control groups. In fact, there were more 

major injuries among the KLIP group than the control used in the study (Pfeiffer et al., 

2006).  Another study compared the effects of an isolated strength training protocol with a 

multi-component program and found that the program involving a variety of exercises was 

better at improving movement control related to injury risk (Distefano, Distefano, Frank, 

Clark, & Padua, 2013). 

The success of an IPP appears to be determined by the inclusion of specific 

neuromuscular components and sports specific drills incorporated into a multi-faceted 

program (Michaelidis & Koumantakis, 2014). Meta-analyses confirm that multi-component 

programs are more injury protective than single component exercise programs (Rössler et 

al., 2014; Sugimoto, Myer, Foss, & Hewett, 2015; Yoo et al., 2010). IPPs which included 

strength exercises (Sugimoto et al., 2015; Yoo et al., 2010), or training exercises for body 

segments proximal to the knee (Sugimoto et al., 2015), significantly reduced ACL injuries 

among female athletes compared to the programs without strength or proximal control 

exercises (Sugimoto et al., 2015). Programs that incorporate plyometric exercises also 

demonstrated better overall (Rössler et al., 2014) and ACL (Yoo et al., 2010) injury 

prevention than the programs without them.  
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Five studies have shown success in reducing injury rates specifically in youth female 

soccer athletes through the use of IPPs; some of these IPPs have also been used in other 

sports such as basketball and handball (Kiani et al., 2010; LaBella et al., 2011; Mandelbaum 

et al., 2005; Soligard et al., 2008; Walden, Atroshi, Magnusson, Wagner, & Hagglund, 2012). 

These programs all used the IPP as a warm up program and involved a varied mix of 

neuromuscular components including strength training (Kiani et al., 2010; LaBella et al., 

2011; Mandelbaum et al., 2005; Soligard et al., 2008; Walden et al., 2012), proximal control 

(Kiani et al., 2010; Soligard et al., 2008), plyometrics (LaBella et al., 2011; Mandelbaum et 

al., 2005; Soligard et al., 2008), balance (Kiani et al., 2010; LaBella et al., 2011; Soligard et 

al., 2008) and agility (LaBella et al., 2011; Mandelbaum et al., 2005). The programs also 

incorporated sports specific drills. Sport specific drills may be important in IPPs because of 

differences in the biomechanical demands, fatigue experience, environmental factors, and 

protective equipment associated with different sports (Michaelidis & Koumantakis, 2014). 

These authors recommended that IPPs for soccer should include sport specific agility 

training addressing high risk situations or mechanisms for ACL injury in soccer such as 

cutting maneuvers (Michaelidis & Koumantakis, 2014). 

Soccer Specific Prevention Programs 

Due to high injury rates in soccer (Dvorak & Junge, 2000; Inklaar, 1994a), 

organizations such as FIFA and CSA have developed and/or endorsed injury prevention 

initiatives. Programs used to specifically prevent injuries in soccer include Movement 

Preparation, Prevent Injury and Enhance Performance (PEP) program, FIFA Medical 

Advisory and Research Centre (F-MARC) Bricks, FIFA 11, FIFA 11+ and more recently, FIFA 

11+ Kids. 
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Movement Preparation is a warm up program designed to prepare the body for 

movement, while improving movement patterns, and reducing the risk of injury during 

physical activity (Canadian Sport for Life, 2013). It was designed mainly for children and 

has 3 different programs for ages 7-8, 9-10, and 11 and above (Canadian Sport for Life, 

2013). It includes exercises such as mini skips, side shuffle, grapevine, high knees, one 

footed hops, tuck jump, push up, burpees, ladders, weaving pylon drills and core exercises 

such as plank (Canadian Sport for Life, 2013). Although this program was not originally 

designed for soccer exclusively, it was recently adopted by the Canadian Soccer Association 

to be implemented on a nationwide scale (Way, 2015). Its effect on injury risk is yet to be 

studied. 

The PEP program is a 15-20 minute neuromuscular training program designed by 

the Santa Monica Sports Medicine Foundation to be performed at least 2-3 times per week 

in order to prevent ACL injures. It is a warm up program that includes stretching, strength, 

plyometrics, sport-specific agility and emphasis on correct posture, technique and soft 

landing (University of South Florida Orthopedics and Sports Medicine, 2017). It has been 

used among soccer athletes resulting in significant ACL injury reduction among 

participants (Gilchrist et al., 2008; Mandelbaum et al., 2005). 

The F-MARC Bricks is a program comprised of 10 sets of exercises developed to 

enhance ankle and knee joint stability, coordination, endurance, reaction time, as well as 

trunk, hip and leg strength and flexibility (Junge, Rosch, Peterson, Graf-Baumann, & Dvorak, 

2002). Significant (36%) injury rate reduction was reported through its use. (Junge et al., 

2002) There seems to be a dearth of information on this program in the literature, as it was 

quickly replaced by its successor.  
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The F-MARC Bricks was modified in 2003 to the FIFA 11 program; a 15 minute 

warm up program developed to reduce injury rates in soccer (Junge et al., 2011). It consists 

of 10 exercises mainly addressing core stability, eccentric hamstring strength, 

proprioception, neuromuscular control and agility (Junge et al., 2011). In a large cluster-

randomized study, the program showed no significant injury reduction (Steffen, Myklebust, 

Olsen, Holme, & Bahr, 2008). However, the compliance rate among female soccer teams for 

completing the FIFA 11 intervention at each training session was reported to be 52% while 

the average attendance at training for an individual player was about 67% (Steffen, 

Myklebust, et al., 2008). This poor compliance was touted to be due to low motivation of 

players and coaches to complete the intervention, perhaps as a result of a lack of a direct 

performance benefit of the 11 program (Steffen, Bakka, Myklebust, & Bahr, 2008) and lack 

of variability and progression of the exercises (Steffen, Myklebust, et al., 2008). 

The FIFA 11+ program was developed for athletes 14 years of age and older (Bizzini, 

et al., 2011), to combat the problem of compliance encountered with the FIFA 11 (Soligard 

et al., 2008). A major focus of the program is the emphasis on correct technique, good 

posture, body control and alignment such as knee over toe position (straight leg alignment) 

throughout the exercises (Bizzini, et al., 2011). It is a warm up program, designed to take 

20 minutes and be performed at the start of each soccer training session. It consists of 15 

distinct exercises, with progressions, categorized into three parts (Bizzini, et al., 2011). 

Details of the program will be described in the next section. 

The FIFA 11+ Kids is a recently developed, 15 minute, twice a week program 

adapted from the FIFA 11+ and based on the findings of a study on injury characteristics 

and incidence in children’s soccer (Rossler, Junge, Chomiak, Dvorak, & Faude, 2016) which 
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found that athletes younger than 13 were more susceptible to fractures and upper 

extremity injuries due to falls than older athletes (Rossler, Junge, et al., 2016). The program 

is done as a warm up and consists of 7 exercises, that include running, jumping, balance, 

coordination, core stability and fall technique improvement tasks (Rossler, Donath, Bizzini, 

& Faude, 2016). Each exercise in the program has five difficulty levels of progression 

(FMARC, 2016; Rossler, Donath, et al., 2016). The major difference between this program 

and the 11+ is the emphasis on fall technique improvement and maintaining cognitive 

awareness of space and environment while performing motor skills in order to address the 

specific injury profile of the younger population (FMARC, 2016). At the time of conception 

of the present study, the 11+ Kids program had not been published. Furthermore, the 

intent of the present study was to influence lower body movement control, which the FIFA 

11+ program, and not the FIFA 11+kids program targets. Therefore, an in-depth discussion 

of the FIFA 11+, which was the program of choice for this study, is necessary to understand 

the dynamics surrounding the program’s utilization and benefits. 

FIFA 11+ PROGRAM 

Implementation 

FIFA started disseminating and promoting the FIFA 11+ program with the intention 

of reaching all of its 209 member nations (Bizzini & Dvorak, 2015; Bizzini et al., 2013). 

According to reports, up to 2009, the 11+ had already been promoted in over 80 member 

countries and in two FIFA international medical conferences (Bizzini & Dvorak, 2015). 

Among these original members were the national football associations of Germany, Spain, 

Italy and Japan who piloted the large-scale implementation of the prevention program, 
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acting as role models before other FIFA member nations joined the crusade (Bizzini et al., 

2013). Member nations who adopted the 11+ program after it was piloted include England, 

Hong Kong, Costa Rica, Denmark, Netherlands, Australia, Hungary, Poland and Thailand 

(Bizzini et al., 2013). In July 2015, the Canadian Soccer Association announced a 

partnership with the Public Health Agency of Canada, FIFA and Canadian Sport for Life, 

involving an investment of $2 million, to promote implementation of the FIFA 11+ and 

Movement Preparation IPPs in community soccer clubs across the country (Way, 2015). 

Based on lessons learned from the nationwide implementation of the precedent 

FIFA 11 program in Switzerland and the Netherlands, and knowledge of IPP use in other 

sports such as rugby, FIFA developed a strategy that has been used in an ongoing manner 

to promote the 11+ (Bizzini & Dvorak, 2015; Bizzini et al., 2013). Two major dissemination 

routes are utilized by FIFA in promoting implementation: 1) collaboration with national 

member associations and 2) via coaches’ instruction courses (Bizzini et al., 2013). The 

implementation strategy is coach-centered because the coach’s knowledge, motivation, 

beliefs and attitudes are crucial to effective implementation of the program (McKay, 

Steffen, Romiti, Finch, & Emery, 2014). Without effective implementation, the injury 

prevention aspect of the IPP is severely hampered. 

Injury Reduction 

The efficacy of the 11+ at reducing injury rates has been determined among a 

variety of soccer populations, but only two studies have involved female athletes. The first 

randomized controlled trial (Soligard et al., 2008) used the 11+ program in every practice 

for 8 months with 1892 female soccer athletes aged 13-17 years old. It significantly 

reduced the overall injury rate by about 35% in those athletes with the highest compliance 
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compared to the control group who used a non-structured warm up. Rates of overuse and 

severe injuries were also reduced in the intervention group (Soligard et al., 2008). 

Although the rate for lower extremity injuries, which was the primary outcome of the 

study, was less among the 11+ intervention group compared to the control group, the 

difference did not reach statistical significance (Soligard et al., 2008). In the same manner, a 

protective effect of the 11+ was found in an additional study of female soccer athletes (13-

18 years old) exposed to the intervention for 2-3x per week over a period of 4.5 months 

(Steffen et al., 2013). 

A number of studies have looked at the effect of the 11+ program in male soccer 

athletes. About a 41% reduction in overall injury rate and 48% reduction in the number of 

lower extremity injuries was observed among 20 teams of 14 – 19 year old male junior 

league soccer athletes in Nigeria after 6 months of exposure to the 11+ program, at least 

twice a week, compared to a non-structured warm up program (Owoeye et al., 2014). 

Similarly, another study involving 1525 college aged soccer athletes found a significant 

(46.1%) reduction of overall injury rates in the FIFA 11+ intervention group who practiced 

about 3x per week over a 5 month period, compared to the control group (Silvers-Granelli 

et al., 2015). An even higher percentage reduction (72%) in lower extremity injury risk was 

reported from 5-6x per week FIFA 11+ intervention over 12 weeks among 41 American 

male collegiate soccer athletes compared to a standard warm up including jogging and 

dynamic lower extremity exercises (Grooms et al., 2013). However, there were a small 

number of injuries that occurred overall in that study (Grooms et al., 2013). Overall, a 

pooled result showing the efficacy of the 11+ program in a meta-analysis, revealed a 
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statistically significant reduction of overall and lower extremity injuries, with about 20 – 

50% injury reduction potential (Al Attar, Soomro, Pappas, Sinclair, & Sanders, 2016). 

In contrast, one recent study among 265 veteran (32- 49 years of age) male soccer 

players did not find a reduction in overall injury rate from the 11+ intervention done once 

per week for 9 months, compared to a non-structured warm up, but did find a significant 

reduction in the number of severe injuries (Hammes et al., 2015). The limited effect 

observed in this study could be a result of inadequate exposure to the training stimulus. 

The recommended FIFA 11+ exercise frequency is at least 2 times per week (Bizzini, et al., 

2011) but the veteran athletes in this study were only exposed to an exercise training 

session once a week (Hammes et al., 2015). This could be due to challenges associated with 

“real world” application of the 11+ such as availability of time and space before every 

practice and game to complete the training. Another factor could be the older age of the 

players; men in their 30s and 40s as opposed to the younger age (13 – 18 years)of 

participants in the previous studies (Grooms et al., 2013; Owoeye et al., 2014; Silvers-

Granelli et al., 2015). This may imply less potential for neuromuscular gains in older 

individuals compared to younger individuals (Yoo et al., 2010). 

Compliance 

Getting athletes to consistently participate has been identified as a major barrier for 

success for injury prevention programs (Bizzini & Dvorak, 2015; Bizzini et al., 2013; 

Silvers-Granelli et al., 2015; Steffen et al., 2013). The 11+ program was borne out of the 

necessity to solve the compliance problem experienced with its predecessor, the FIFA 11 

(Steffen, Myklebust, et al., 2008). Compliance was improved with the 11+ by introducing a 

variety of exercises including progressions and soccer-specific drills (Soligard et al., 2008). 
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Since the development of the 11+, several studies have examined the relationship between 

exposure to the program and injury risk reduction. One randomized controlled trial 

demonstrated that high adherence to the FIFA 11+ program, delivered through 2 – 3 

intervention sessions per week in a 4.5 month season, led to fewer injuries, irrespective of 

the delivery method elected for the program (Steffen et al., 2013). Players with high 

adherence to the 11+ exercises were found to have a significant reduction in overall and 

lower extremity injuries compared to the mid-compliant group (Steffen et al., 2013) but 

there was no difference between the high and low compliant groups. Another study found a 

35% overall injury risk reduction among high compliant FIFA 11+ participants compared 

to a mid compliant group, with no significant difference between the high and low 

compliant groups (Soligard et al., 2010). Athletes in the low-compliant group may have had 

minimal exposure to soccer play, and therefore less likely to develop injuries (Steffen et al., 

2013). The case for compliance was further supported in a study of male collegiate players, 

which found an inverse relationship between FIFA 11+ training frequency and injury rate 

(Silvers-Granelli et al., 2015). Therefore, the more frequently the 11+ program was 

undertaken, the fewer injuries were recorded by the team (Soligard et al., 2010). 

A recent study of coach and player personal characteristics and factors affecting 

compliance/adherence to injury prevention programs showed that only duration of playing 

soccer was associated with compliance levels (McKay et al., 2014). Coaches and players 

with more experience were less likely to adhere to the program. It was suggested that this 

is probably due to self - acquired confidence over the years, making them believe that such 

IPPs would be unnecessary to avoid injuries. As a result, despite the efforts at improving 

FIFA 11+ compliance, effective implementation still remains a challenge in the sports 
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community today. It has been suggested that if an IPP can demonstrate some performance 

benefits, so that athletes become better soccer players, uptake among the soccer 

community may be improved (Bizzini & Dvorak, 2015). Coaches and athletes may be 

motivated towards better utilization of the 11+ by promoting performance benefits of the 

program rather than just the injury prevention aspect (McKay et al., 2014). 

FIFA 11+ and Performance Effects 

Some studies have since investigated effects of the 11+ program on skills and 

abilities associated with good performance in soccer such as dynamic balance, muscle 

strength and jumping ability. However, most of these studies were conducted among male 

soccer athletes (Daneshjoo, Mokhtar,  Rahnama, &Yusof, 2013a; Daneshjoo, Mokhtar, 

Rahnama, & Yusof, 2012a, 2012b; Daneshjoo, Mokhtar, et al., 2013b; Daneshjoo, Rahnama, 

Mokhtar, & Yusof, 2013; Nakase et al., 2013) while those conducted among female athletes 

(Steffen et al., 2013; Whittaker & Emery, 2015) involved girls in their teenage years who 

were perhaps past the key developmental age to maximize function (Ricotti, 2011; Rival, 

Ceyte, & Olivier, 2005). Evidence shows that 11+ exercises improved vertical jump height, 

agility, quadriceps and hamstrings strength, proprioception and static/dynamic balance, 

Star Excursion Balance Test (SEBT) performance, and neuromuscular control via core and 

hip muscle activation among male soccer athletes (Daneshjoo, Mokhtar, et al., 2013a; 

Daneshjoo et al., 2012a, 2012b; Daneshjoo, Mokhtar, et al., 2013b; Daneshjoo, Rahnama, et 

al., 2013; Reis, Rebelo, Krustrup, & Brito, 2013). Another study however, did not find any 

effect of the 11+ on the SEBT but did show significant improvement on core stability, sprint 

ability and time to stabilization during jumping tasks (Impellizzeri et al., 2013). 
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Among 226 Canadian female soccer athletes aged 13 – 18 years old, high adherence 

to the 11+ program was found to significantly improve static and dynamic balance as 

measured by the mSEBT (Steffen et al., 2013). The 11+ program was not compared to a 

different program in this study; the comparison was between different delivery methods of 

the 11+ program. The coaches of the control group were given access to the 11+ website 

only, while the regular group had a pre-season coach workshop including 11+ materials 

and the comprehensive group had the addition of a study physiotherapist to monitor the 

exercises. Due to the common occurrence of injuries in female soccer players, and 

especially the increased susceptibility of female athletes to ACL injury compared to male 

athletes (Arendt & Dick, 1995; Mountcastle et al., 2007; Toth & Cordasco, 2001), there is a 

need for more evidence regarding the effectiveness of the 11+ program on performance 

measures specific to soccer to promote uptake among the female population. The effect of 

the 11+ on younger athletes, who may be at a more optimal age for maximizing physical 

development, also deserves attention.  

Age, Development of Balance Abilities and the 11+ Program 

The concepts of growth, development and degeneration are an inevitable continuum 

in all human life processes and systems. Children, adolescents and adults are very distinct 

from each other in the acquisition of motor skills due to a maturation process in children 

characterized by fluctuations in their ability to learn and develop (Ricotti, 2011). The 

balance system is not exempt from this process. There is evidence that development of 

adult-like balance abilities begins to occur at about 6 – 10 years of age and that children, 

until 10 years of age, are less proficient than adults with static and dynamic balance 

activities (Ricotti, 2011; Rival et al., 2005). It has been suggested that neuromuscular 
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training programs may be more effective at producing maximum motor learning 

development if athletes at an earlier age are targeted (Ricotti, 2011; Sugimoto et al., 2016). 

However, the effect of the 11+ program (which includes a significant balance training 

component), on the physical performance abilities of soccer players younger than the age 

of 13 has not been reported. 

PERFORMANCE REQUIREMENTS SPECIFIC TO SOCCER 

 Soccer performance (ability to successfully accomplish a given task in soccer, geared 

towards the ultimate objective of scoring goals as well as controlling ball possession) 

depends on skills such as sprinting, kicking, dribbling, heading and passing (Stolen, 

Chamari, Castagna, & Wisloff, 2005) which may be influenced by a number of 

physical/physiological factors. Flexibility, strength and balance have been recognized as 

important factors for success (Strauss, Jacobs, & Van Den Berg, 2012). Increases in a 

physiological characteristic such as strength can improve sprinting, pace changing and 

turning (Stolen et al., 2005).Several studies have also demonstrated the influence of these 

factors; flexibility (Garcia-Pinillos, Ruiz-Ariza, Moreno del Castillo, & Latorre-Roman, 

2015;Hadjicharalambous, 2016;Katis, Kellis, & Lees, 2015; Rodriguez Fernandez, Sanchez, 

Rodriguez Marroyo, & Villa, 2016), strength (Chelly et al., 2009;Manolopoulos, Katis, 

Manolopoulos, Kalapotharakos, & Kellis, 2013;Negra, Chaabene, Hammami, Hachana, & 

Granacher, 2016;Bolger, Lyons, Harrison, & Kenny, 2015; Brooks, Clark, & Dawes, 2013;) 

and balance ( Chew-Bullock et al., 2012;  Myer, Ford, Brent, & Hewett, 2006;) on specific 

soccer skills(Bolger, Lyons, Harrison, & Kenny, 2015; Brooks, Clark, & Dawes, 2013; Chelly 

et al., 2009; Chew-Bullock et al., 2012; Garcia-Pinillos, Ruiz-Ariza, Moreno del Castillo, & 

Latorre-Roman, 2015; Hadjicharalambous, 2016; Katis, Kellis, & Lees, 2015; Manolopoulos, 
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Katis, Manolopoulos, Kalapotharakos, & Kellis, 2013; Myer, Ford, Brent, & Hewett, 2006; 

Negra, Chaabene, Hammami, Hachana, & Granacher, 2016; Rodriguez Fernandez, Sanchez, 

Rodriguez Marroyo, & Villa, 2016). 

Flexibility 

Flexibility refers to “the ability to move a joint through its complete range of 

motion” (American College of Sports Medicine, 2014, p. 105). It describes the concept of 

quantity and not quality of movement. Most skills in soccer such as kicking and passing the 

ball, reaching for the ball, dribbling and goalkeeping can require a considerable range of 

motion at the hip, knee and ankle joints of the lower limb (Strauss et al., 2012). 

Extensibility of the soft tissues around these joints is necessary to allow range of motion 

sufficient enough to execute soccer skills accurately and successfully.  Evidence suggests 

that flexible soccer athletes perform better in sprint, vertical jump, kicking speed and 

agility tests compared to less flexible athletes (Garcia-Pinillos et al., 2015). Static flexibility 

training involving stretching of the leg muscles over a period of 4 - 7 weeks was shown to 

improve specific soccer performance indices such as sprint speed and agility among young 

soccer athletes (Hadjicharalambous, 2016; Rodriguez Fernandez et al., 2016). A study 

comparing the soccer kick performance of male and female pubertal athletes found that the 

more powerful kicks exhibited by male athletes were due to higher plantar flexion and hip 

flexion angles, among other factors (Katis et al., 2015). The authors of this study suggested 

that improving the range of motion at these joints might be beneficial for soccer 

performance.  
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Strength 

 The importance of strength in soccer cannot be over emphasized. The strength of a 

muscle is defined as “the external force produced by a particular muscle or muscle group” 

during movement (American College of Sports Medicine, 2014, p. 96). Strong muscle 

contractions contribute to most movements that make up the constituent skills seen in 

soccer. Kicking the ball, sprinting to the ball or an opponent, tackling an opponent, jumping 

to reach for a header or prevent a goal, and even throwing the ball, require strong muscle 

contractions for fast, and successful execution of soccer skills (Chelly et al., 2009; 

Manolopoulos et al., 2013; Negra et al., 2016). Soccer also involves constant change of 

direction movements, especially during dribbling. Therefore, good leg strength is required 

to propel the athlete’s bodyweight around with ease. Knee torque showed a high positive 

correlation with kicking velocity among 22 division 1 female soccer athletes (Brooks et al., 

2013). Several strength-training programs have demonstrated positive effects on skills 

required for good soccer performance by improving sprint speed, power, jump and soccer 

kicking abilities (Bolger et al., 2015; Chelly et al., 2009; Manolopoulos et al., 2013; Negra et 

al., 2016).  

Balance 

 Balance refers to the ability of the body to maintain the body’s center of gravity (CG) 

over a given support (Shumway-Cook, 2012). It is a complex process that involves 

interaction of multiple body systems, including the central nervous system (brain and 

spinal cord), peripheral nervous system (afferent and efferent pathways), sensory system 

and the musculoskeletal system (Shumway-Cook, 2012). The use and description of 

balance varies widely in the literature. Balance has been described as static or dynamic. It 
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is described as static when maintaining a stable position with minimal movement and as 

dynamic, when maintaining stability over a base of support during performance of a task 

(Ricotti, 2011). Another school of thought categorized balance into static, dynamic or 

functional. Static refers to when there is restriction of the CG’s movement over a fixed base 

of support; dynamic when there is maintenance of stability despite a shift and change of CG 

position over a fixed base of support; and functional, when there is control and 

maintenance of balance with changing base of support and CG position especially during 

task performance (Ricotti; Winter, Patla, & Frank, 1990). This concept of functional balance 

has also been termed dynamic stability in the literature (Wikstrom, Tillman, Smith, & 

Borsa, 2005). 

Dynamic stability is more relevant than other forms of balance to soccer because 

most skills are performed during short bouts of movement involving acceleration and 

deceleration and require adapting to a changing base of support and position of the CG to 

maintain stability (Haugen, Tonnessen, Hisdal, & Seiler, 2014; Taskin, 2008). For instance, 

running tasks, which are central to the game of soccer, cause constant perturbation of the 

body’s CG thereby creating the need for the balance system to restore and maintain the CG 

over the base of support (Winter et al., 1990). Characteristics associated with a faster 

change of running direction in young soccer players are related to good balance, including 

keeping the CG low (Zago et al., 2016). These authors suggested that balance exercises may 

help to improve techniques that could facilitate fast half turns during soccer participation. 

Balance training exercises also demonstrated significantly decreased landing forces among 

19 female high school soccer athletes who participated in exercises 3 times a week for a 

period of 7 weeks (Myer et al., 2006). The decrease in landing forces, which could help 
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prevent ACL injuries (Shultz et al., 2015) was seen with only the balance training group and 

not the plyometric exercise group(Myer et al., 2006). 

Unipedal stability (single leg balance) is required especially during rapid change of 

direction movements and as seen in situations such as dribbling or tackling an opponent, 

and kicking the ball. Single leg balance ability as measured on a force plate significantly 

correlated with kicking accuracy of the soccer ball in 38 male and female undergraduate 

students (Chew-Bullock et al., 2012). Kicking accuracy is a required skill for goal scoring 

which is an ultimate objective of the game. Bipedal stability is also a requirement for 

various situations in soccer such as during free kick, goal keeping and landing after 

reaching for a header.  

Composite Outcome Measure for Performance Specific to Soccer 

 Flexibility, strength and balance are all essential requirements for good 

performance in soccer. Many methods for assessing these physical components can be 

found in the literature, but most measure only one component at a time. A composite tool 

to capture all 3 physical parameters (flexibility, balance and strength) may be more 

efficient, appropriate and useful for soccer players. The Y-balance test (YBT) is a method of 

assessment that encompasses flexibility (Overmoyer & Reiser, 2015; Robinson & Gribble, 

2008), strength (Lee, Kang, Lee, & Oh, 2015) and balance (Engquist et al., 2015) and has the 

added benefit of perhaps identifying injury risk in an athlete (Plisky, Rauh, Kaminski, & 

Underwood, 2006). 
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Y - BALANCE TEST  

History and Development 

 The YBT is a physical performance test, which has been reported in the literature to 

assess dynamic balance, especially in athletes, as a clinical measure or screening tool 

(Gribble, Hertel, & Plisky, 2012). The YBT was developed out of the necessity to address 

some limitations observed with the use of its predecessor, the SEBT (Plisky et al., 2009). 

The SEBT was originally designed to be performed in eight directions, with the participant 

maintaining a single leg stance on one leg while reaching as far as possible in eight 

directions with the contralateral leg (Plisky et al., 2009). For each direction, 3 test trials are 

allowed following at least 4 practice trials in each direction (Plisky et al., 2009). Therefore, 

the SEBT takes a considerable amount of time for completion. Additional limitations 

include variation in testing protocol/non-standardization of the test, challenges with 

maximal reach distance measurement and poor interrater reliability(ICC 0.35 – 

0.93)(Hertel, 2000). The protocol utilized for the SEBT has been varied especially regarding 

the criteria for a successful trial. For example, should the reach foot be allowed to touch 

down on the floor during a trial or not (Gribble, Hertel, & Denegar, 2003; Hertel, 2000; 

Kinzey & Armstrong, 1998; Lanning et al., 2006)? Allowing the reach foot to touch down 

provides some degree of support and feedback to the neuromuscular control system, 

thereby affecting the score obtained. On the other hand, discouraging the touchdown 

makes marking the farthest point reached on the ground difficult (Plisky et al., 2009). 

Similarly, the start point for measurement of the SEBT has been reported to vary between 
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the tips of the toes and the malleoli (Hertel, Braham, Hale, & Olmsted-Kramer, 2006; 

Hubbard, Kramer, Denegar, & Hertel, 2007; Plisky et al., 2006). 

The YBT kit (Functional Movement Systems Inc., Chatham, Virginia) is a measurement 

instrument designed to improve the reliability, efficiency and standardization of the SEBT 

and is performed in only 3 directions; anterior, posteromedial and posterolateral (Plisky et 

al., 2009). The test kit has a centerpiece wooden stance platform to which three wooden 

dowels are attached. The centerpiece has a marked line for the placement of the toes of the 

stance foot, which standardizes the start point for the test. The dowels are arranged in the 

3 YBT specified directions (see pages 45-46)(Plisky et al., 2009). Each dowel has 

measurement calibrations every 5mm, with the posterior dowels positioned 90degrees 

away from each other and 135 degrees from the anterior dowel (Plisky et al., 2009). Each of 

the 3 dowels has a movable wooden block placed on top that the participant pushes in the 

3 specified directions during the test. There is a red mark on each of these blocks, where 

the athlete places the toes of the reach foot while pushing the block. See page 45 for a 

picture of the Y-balance test kit. 

This design of the YBT helps to eliminate the errors and difficulty associated with 

accurately recording the reach distances in the original SEBT because the block remains on 

the calibrated dowel after the test trial is complete, and the tester can easily read off the 

reach distance. As a result of this, reach foot touchdown is not allowed in the YBT protocol; 

it is a criterion for trial nullification (Plisky et al., 2009). Details of the YBT test protocol will 

be described in Chapter 2.   

Since its appearance in an article in 2009 (Plisky et al., 2009), the YBT test kit has 

been used in a number of research studies (Butler, Lehr, Fink, Kiesel, & Plisky, 2013; Gonell, 
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Romero, & Soler, 2015; Hooper et al., 2016; Smith, Chimera, & Warren, 2015). The 

psychometric properties of the measurement tool, such as reliability and validity are 

important factors to establish before the choice of such a tool is made for a particular 

purpose.  

Reliability 

 The YBT has been reported to have high intrarater reliability (Portney & Watkins, 

2015)(Intraclass Correlation Coefficient (ICC)> 0.90) for performance measurement among 

young soccer athletes (Trecroci, Cavaggioni, Caccia, & Alberti, 2015). This may be due to 

the modifications made from the SEBT that improved the reliability of the test 

measurement (Plisky et al., 2009). 

 Interrater reliability of the YBT among young soccer athletes has not been reported 

but in a study among the military involving multiple physical therapy student raters, the 

YBT had good interrater reliability for maximal and average reach distance in each 

direction (ICC0.80 to 0.85, Standard Error of Measurement (SEM) 3.1 to 4.2 cm and ICC 

0.82to 0.93, SEM 2.0 to 3.5 cm respectively)(Shaffer et al., 2013).Based on this, it was 

suggested that YBT is a reliable tool that could be used for large scale screening 

exercises(Shaffer et al., 2013). 

Validity 

 Validity refers to the ability of a measurement tool to capture what it was designed 

to measure (Portney& Watkins, 2015). It is of paramount importance in the research 

process as the wrong choice of a measurement tool can undermine the whole research 

purpose and may not provide an accurate answer to the research question. The issue of 

validity of the YBT for the measurement of dynamic balance appears not to be a completely 
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resolved one. However, the literature shows some evidence for validity of its predecessor, 

the SEBT (8 reach directions). It was suggested that “more than a decade of research 

findings has established a comprehensive portfolio of validity for the SEBT, and it should be 

considered a highly representative, non-instrumented dynamic balance test for physically 

active individuals”(Gribble et al., 2012). This sense of validity may be considered to extend 

to the YBT as it is a similar test with only 3 of the original 8 directions assessed.  

Face Validity 

 The ability of a test to appear to be measuring what it was designed to measure, 

referred to as face validity, is the least technical of the different forms of validity (Portney 

& Watkins, 2015). The YBT demonstrates good face validity for measurement of dynamic 

stability, with contributions from flexibility, strength and balance required. (Engquist et al., 

2015; Hertel et al., 2006; Imai et al., 2014; Kinzey & Armstrong, 1998; Lee, Kang, Lee, & Oh, 

2015; R. Robinson & Gribble, 2008)Performance on the YBT requires one to maintain 

balance on one foot while pushing an object with the other foot (a dynamic stability 

function), adequate range of motion at the hip, knee and ankle joints to allow movement 

during the task (a joint flexibility function) and adequate muscle strength to maintain 

control of the CG (strength function).  

Criterion Validity 

 Criterion validity refers to the extent to which a test can be used as a substitute for 

an already established test measuring the same criterion (Portney& Watkins, 2015). 

Criterion validity can be concurrent or predictive. It is concurrent when the test of interest 

is compared with a gold standard test, and found to be highly correlated 
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(Portney&Watkins, 2015). It is predictive when the test’s score can be used to accurately 

predict a future outcome or behavior (Portney& Watkins, 2015). 

To date, there is limited evidence for concurrent validity of the YBT in the literature. 

No relationship was found when comparing the YBT and the Berg Balance Scale, a common 

test of balance used in older populations (Lee et al., 2015). Studies of the SEBT and the 

modified SEBT (mSEBT; the YBT’s predecessor limited to 3 directions marked with tape on 

the ground) against measures of postural stability showed inconsistent, weak or negative 

correlations between the tests. It was concluded that the YBT assesses different 

components of balance compared with the other tests, and that further understanding of 

the specific components assessed may be necessary (Almeida, Monteiro, Marizeiro, Maia, & 

de Paula Lima, 2017; Clark, Saxion, Cameron, & Gerber, 2010; Glave, Didier, Weatherwax, 

Browning, & Fiaud, 2016). 

               The YBT demonstrated strong criterion (predictive) validity in two studies 

involving soccer players (Gonell et al., 2015; Smith et al., 2015). This was first shown 

among basketball players that anterior reach asymmetry greater than or equal to 4 cm and 

YBT composite score less than or equal to 94% of limb length, associated to 2.5 and 6.5 

times likelihood for sustaining lower limb injuries (Plisky et al., 2006). The predictive 

validity was later shown in soccer athletes as asymmetry in the anterior(Smith et al., 2015) 

and posteromedial directions (Gonell et al., 2015) equal or greater than 4cm is associated 

with 2.20 (Smith et al., 2015) and 3.86 (Gonell et al., 2015) times the likelihood of 

sustaining non-contact injuries respectively. Hence, YBT scores can predict individuals at 

risk for lower extremity injuries. 
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Besides the reliability and validity of a measurement tool, another important factor to 

be considered, is the usefulness of the tool for the intended purpose. For the purpose of this 

study, this sense of usefulness could be seen in the relationship between the YBT, the 11+ 

program and soccer. 

Relationship to the 11+ Program and Soccer 

 In previous sections of this literature review, the YBT has been described as a 

physical performance measure that includes flexibility, strength and balance components 

important for soccer performance. (Engquist et al., 2015; Hertel et al., 2006; Imai et al., 

2014; Kinzey & Armstrong, 1998; Lee, Kang, Lee, & Oh, 2015; R. Robinson & Gribble, 2008) 

There are also obvious similarities between movements during the YBT, the 11+ exercises 

and soccer. This sense of relevance is a major factor necessary to improve utilization of and 

compliance to the FIFA 11+ program among the soccer community (Steffen et al., 2013). 

Statement of Problem 

                  The FIFA 11+ program has demonstrated an injury prevention effect among 

soccer athletes. However, its use among soccer athletes and coaches is not optimal. 

Demonstration of performance benefits of the program may better motivate the athletes 

and coaches to use the training program more regularly, but limited research exists 

regarding performance effects in female soccer athletes. No study has considered the effect 

of the FIFA 11+ on athletes 13 years of age and younger. 
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Purpose of Study 

The purpose of this study was to compare the effects of the FIFA 11+ program and a 

traditional warm up program on YBT performance in young female athletes.  

Objectives 

1. To compare the YBT composite score between young female athletes completing the 

11+ program compared to a traditional warm up over a 5 month indoor soccer 

season.  

2. To compare limb asymmetry in the anterior direction of the YBT between young 

female athletes completing the 11+ program and those completing a traditional 

warm up over a 5 month indoor soccer season.  

Hypotheses 

1. The YBT composite score of the FIFA 11+ group will be greater than the traditional 

warm up group. 

2. Limb asymmetry in the anterior direction of the YBT will be less in the FIFA 11+ 

group, compared to the traditional warm up group.
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Ethics 

The study was part of a bigger project, “Effect of the FIFA 11+ Injury Prevention 

Program on Performance & Movement Control in Young Female Athletes”, which looked at 

the effects of the FIFA 11+ on risk factors for injury and performance indicators such as 

balance, agility, core stability and endurance. The study received approval from the Health 

Research Ethics Board (HREB) at the University of Manitoba. 

Study Design 

The design of this study was a two-group pretest - posttest cluster randomized trial , 

where the intervention group received the FIFA 11+ injury prevention warm up program 

and the comparison group received a traditional (usual) warm up exercise program. We 

used a cluster sampling technique, with the participants allocated to groups as a team. The 

teams were randomly assigned into either the intervention group or the comparison group 

by picking the team names out of a hat. Data were collected before and after the indoor 

soccer season, which spanned a period of 5 months, from October 2015 to March 2016. 

Baseline testing occurred prior to the commencement of the season, while the posttest was 

conducted after the season. 

Participants 

Recruitment 

The study participants were recruited from the U10 and U11 female age groups of a 

developmental soccer club in Winnipeg. The club administration was approached and 

supported their athletes’ participation in the study. Once the club’s approval was received, 

information emails were sent out to parents, athletes and coaches to provide some 
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explanation about the study.  If requested, a visit was paid to a prospective team by the 

researchers to provide more information about the study. Consent and assent from the 

parents and athletes was obtained before commencement of the study. All 3 teams in each 

of the U10 and U11 age brackets were randomly assigned into an intervention and a 

comparison group in a manner that both age groups were adequately represented in the 

intervention or a comparison group. A sample size calculation done with SigmaPlot (Systat 

Software, Inc., San Jose, CA), using a minimum detectable difference on the YBT of 8.2% 

(Filipa, Byrnes, Paterno, Myer, & Hewett, 2010), standard deviation of 8.9% (Filipa et al., 

2010), and power of 0.8 yielded a size of 19 participants per group. Therefore, a total of 38 

participants were required for sufficient statistical power. 

Inclusion Criteria 

Participants were included in the study if they were  

1. Female  

2. Playing on the U10 or U11 club teams  

Exclusion Criteria 

Participants were excluded from the study if they reported any current injury or 

condition that could potentially affect their ability to participate in testing or an exercise or 

physical activity program. 

Baseline Testing 

After the recruitment, data collection commenced with a pre-season test, occurring 

in the 2 weeks before the intervention period. Athletes were asked to wear comfortable 

shorts and running shoes to the test session. The testing protocol had a battery of tests and 
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warm up procedures in a specific and consistent order. The testing session for each 

participant was conducted in the following order: 

1. Identification of participants, and confirmation of consent/assent 

2. Standing height, sitting height, mass and limb length 

3. Dynamic warm up  

4. Landing Error Scoring System (LESS) test  

5. T-test for agility 

6. Vertical jump height  

7. Static plank for core stability 

8. Y-balance test 

The entire test session lasted about 1 - 1.5 hours for each participant. 

Standing Height 

The athlete stood with the head held in the Frankfort plane and the back against a 

stadiometer, (Seca Corporation, Hamburg, Germany) with the feet placed together and flat 

on a platform (see Figure 1). The athlete was instructed to take and hold a deep breath 

while still keeping the head in the Frankfort plane and maintaining the position of the feet 

on the platform.  The headboard was then brought firmly down on the vertex of the  

skull and the maximum distance from the vertex to the floor was recorded as the 

measurement to the nearest millimeter (mm). The athlete stepped off the platform, and 

then this process was repeated for a second time and the average of the two measurements 

was used for analysis. In a situation where the two measurements differed by more than 4 

mm, a third measurement was obtained and the median value of the three measurements 

was used for analysis (Mirwald, Baxter-Jones, Bailey, & Beunen, 2002). 
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Figure 1. Standing height 

 

Sitting Height 

The athlete was seated on a box with her back and buttocks against the stadiometer 

and hands resting on the thighs (see Figure 2). With the head maintained in the Frankfort 

plane, the athlete was instructed to inhale and hold a deep breath while the headboard was 

placed firmly down on the vertex of the head. The height of the box subtracted from the 

distance between the vertex and the floor was recorded as the sitting height. The average 

of 2 measurements or median of 3 measurements were used for statistical analysis 

(Mirwald et al., 2002). 

 

 

 

 

Figure 2. Sitting height  
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Body Mass 

The test started with the reading of the scale at zero. The athlete stood on a scale 

(Seca Corporation, Hamburg, Germany) with shoes removed, and the body mass reading 

was recorded to the nearest 0.1 kilogram (kg) before the athlete stepped down from the 

scale. A repeated measure was taken and if the two measurements differed by more than 

0.4 kg, then a third measure was taken (Mirwald et al., 2002).The average value of two 

measurements or the median value of 3 measurements was used for analysis (Mirwald et 

al., 2002). 

Leg Length 

The athlete lay supine on a mat, with shoes and socks removed and the feet close to 

each other with the toes facing upwards. The athlete’s consent was obtained to palpate and 

locate the Anterior Superior Iliac Spine (ASIS). The distance from the inferior aspect of the 

ASIS to the distal aspect of the medial malleolus was then measured with a cloth tape 

measure and recorded to the nearest 0.1 centimeter (cm). A repeated measurement was 

taken following the same process, as well as a third measure, which became necessary if 

the 2 previous measures differed by more than 0.4 cm.  This measurement was taken for 

both right and left legs. The average value of two measures or the median value of 3 

measures (if applicable) of the right leg was used for analysis (Mirwald et al., 2002). 

Warm Up 

Following the leg length measure, athletes were taken through a 5 minute warm up, 

comprised of the following exercises; 

 Forwards and backwards jog 

 Skip 
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 Skip for height or bounding 

 Knees to chest  

 Dynamic hamstring stretch 

 Frog jumps 

 Side shuffle 

 Leg swing hamstring dynamic stretch 

 High knees 

 Grapevine 

 Sprints (50%, 75% and 100%) 

Landing Error Scoring System (LESS) 

This is a test used to determine the biomechanics and techniques used by an athlete 

during a jump and land task. It was the primary outcome measure of the overall, larger 

study. It involves the use of a box (30 cm height), and video cameras arranged as shown in 

Figure 3. The box was kept at a distance equivalent to 50% of the athlete’s standing height 

from a marked landing area (Padua et al., 2009). The athlete jumped horizontally (as 

explained and demonstrated by tester) from the box to the landing area and immediately 

jumped as high as she could. The movement was captured by cameras positioned to give a 

frontal and side view, which were used to assess the landing technique of the initial landing 

from the box (Padua et al., 2009). 
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Figure 3. LESS  

T-test 

This test was used to measure agility in athletes. It involved the use of 4 cones and 2 

timing gates (Brower Timing Systems, Draper, Utah) arranged in a set up as shown in 

Figure 4. The athlete was instructed to run forwards from cone A to touch cone B with her 

right hand. Then, she shuffled sideways left to cone C, touched it with her left hand, shuffled 

sideways right (all the way) to touch cone D with the right hand, back to touch cone B with 

the left hand before finally shuffling backwards to the start line. The time taken to complete 

the whole process was read from the timing gate and recorded. Two submaximal practice 

trials and two real trials were completed with the faster of the two real trials used for 

analysis (Impellizzeri et al., 2013). 

 

 

Figure 4. T-test  
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Vertical Jump  

 The athlete stood on a foot mat (Sport Books Publisher, Toronto, Canada) with her 

feet on the footprints (see Figure 5). She was instructed to bend her knees and hips and 

jump as high as possible. The jump height attained was read off a tape measure attached to 

the ground and a belt, which the athlete wore on her waist (Buckthorpe, Morris, & Folland, 

2012). Two practice trials were allowed before 3 real trials and the best of the 3 real trials 

was used in analysis. 

 

Figure 5. Vertical jump test  

 

Static Plank 

This test was used to measure core stability among the athletes.  The test was 

performed with the athlete lying prone on a floor mat, her elbows under the shoulders, 

about a forearm length apart and both hands clasped together (see Figure 6). She was 

Figure 6. Static plank  
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instructed to lift herself up on the elbows and toes, holding herself in a straight line from 

head to feet. She then maintained this position for as long as possible, up to a three-minute 

limit. The time taken before the athlete experienced 2 postural sways was recorded (Boyer 

et al.,2013). 

Y-balance Test (YBT) 

A professional YBT test kit (Functional Movement Systems Inc., Chatham, Virginia) 

was used for the main outcome measure (see figure 7). The athlete, with her shoes removed 

and socks on, was instructed to stand on the left leg, with the toes on the line in the centre 

block. The hands stayed on the hips and the heel of the stance leg remained in contact with 

the centre block while pushing a wood block as far as possible with the right leg. The 

athlete then returned to stand with both feet on the centre grid without loss of balance or 

support on the reach leg. The tester demonstrated the procedure before the athlete 

performed 4 practice trials in each of the 3 directions; anterior, posteromedial and 

posterolateral (Holden, Boreham, Doherty, Wang, & Delahunt, 2014)(see Figures 8-10). 

After a short rest, three test trials were conducted in each direction. The practice and test 

trials were then repeated for the right leg as the stance leg. A trial was considered good if 

the athlete did not lose balance nor bear weight on the reach leg during the test. The 

displacement of the reach block was read to the nearest 0.5cm and recorded as the reach 

distance. The maximal reach distance obtained in each direction for each leg was 

normalized to limb length and the normalized value obtained for the right leg was used for 

statistical analyses (Plisky et al., 2009). 
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Postseason Testing 

A post season test session was done after the indoor soccer season to determine 

athletes’ change in performance. The order of the test battery as described in the baseline 

testing section was repeated. The same preseason testers, who were blinded to group 

allocation of the athletes, conducted the same tests at postseason.  

 

 

 

 

 

 

 

 

Figure 7. Y-balance kit  Figure 8. YBT anterior direction  
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Intervention 

After baseline testing, two physiotherapists on the research team attended an initial 

practice for each of the intervention teams to train the athletes and coaches on the 11+ 

exercises. As resources for reference and guidance, coaches were given the 11+ website 

(Bizzini, et al., 2011) and laminated 11+ program cards. 

The 11+ program is a series of exercises structured into 3 parts with clearly defined 

progressions. The first part is comprised of some dynamic exercises, while the second part 

consists of strengthening, jumping, plyometrics and balance exercises. The third part 

consists of faster running. Emphasis is placed on maintenance of proper position and 

movement such as leg alignment (knee over toe position) and soft landings throughout the 

exercises. The specific exercises incorporated into the parts are as follows: 

Figure 9. YBT posteromedial (PM) direction  Figure 10.YBTposterolateral (PL) direction  
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Part 1 

 Running straight ahead  

 Running with hip out 

 Running with hip in  

 Circling partner 

 Jumping with shoulder contact 

 Quick forwards and backwards sprints  

Part 2  

 Static sideways bench 

o sideways bench with raising and lowering hip 

o sideways bench with leg lift 

 Hamstring strengthening (beginner, intermediate and advanced stages) 

 Single leg stance  

o hold the ball 

o throwing ball with partner 

o test your partner 

 Squats with toe raise 

o walking lunges 

o one leg squats 

 Vertical jump 

o lateral jumps 

o box jumps 
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Part 3  

 Running across the pitch 

 Bounding 

 Plant and cut  

 These exercises were performed with the set up as shown in Figure 11. The 

gymnasium had 6 pairs of cones arranged on one half where the part 1 and 3 exercises 

were conducted. The other half of the gymnasium was an empty area reserved for the part 

2 exercises. All three parts of the 11+ program took about 30 minutes for completion while 

an abridged version of it consisting of the exercises in part 1 and part 3 took about 10 

minutes to complete. The coaches were instructed to use the complete program before 

every practice and the shortened version before every game (Bizzini, et al., 2011). 

 

 

 

 

 

 

 

 

Each of the 3 physiotherapists involved with the study was then assigned an 

intervention team for the duration of the study. Each physiotherapist (PT) attended about 

one practice session per week to monitor the program and work with the coaches to 

effectively progress the athletes based on the program’s guidelines. The exercises were 

Figure 11. FIFA 11+ field set up (FMARC, 2011b) 
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generally progressed based on the team’s ability, although, there were instances where 

athletes did not immediately progress with their teammates. They continued with the 

previous level of exercise until they could comfortably progress.  

The coaches of the comparison group teams were instructed to use any warm up of 

their choice.  

Attendance of athletes at team practices and games was monitored through the 

club’s “Team Snap” website (https://www.teamsnap.com/). Team Snap is an application 

that tracks all the club activities for the season. Each athlete’s attendance at a practice or 

game was entered and updated in the application by either an athlete’s parent or the team’s 

coach. Since the 11+ program was to be used at every practice and game, attendance was 

used to estimate the frequency of exposure to the program. 

Data Analysis 

The maximal Y-balance reach distance in each direction was used to calculate the 

composite score for each leg for each athlete.  The composite score was then normalized to 

the athlete’s reach leg length using the following equation (Plisky et al., 2006): 

(Sum of maximal reach from all 3 directions/ (reach leg limb length *3)) * 100 

 

Asymmetry in the anterior direction of the Y-balance test was calculated by finding 

the difference between the absolute maximal reach scores between the right and left legs.  

To control for the effect of physical maturity of the athletes on YBT performance, 

calculation of years to peak height velocity from the athlete’s date of birth, standing height, 

sitting height, and body mass using an online tool developed by the College of Kinesiology 
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at the University of Saskatchewan was used(College of Kinesiology, 2015; Mirwald et al., 

2002). 

Statistical Analysis 

Normality of data was examined, and appropriate (e.g. mean and standard deviation 

(SD)) group data were calculated for all demographics and outcome measures (age, height, 

body mass and degree of soccer experience, composite score and anterior asymmetry). For 

inferential statistics, Independent T-tests and Mann Whitney-U tests were used to compare 

the baseline characteristics of the two groups. Two-way repeated measures ANOVA 

(analysis of variance) analysis was used to determine the difference between baseline and 

post season YBT performance (composite score and anterior asymmetry) across the two 

groups. Pearson correlations were used to check the influence of covariates such as 

physical maturity, sport experience and attendance on the Y-balance scores. All statistical 

analyses were done using SigmaPlot (Systat Software, Inc., San Jose CA) software. 
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RESULTS 

Six female soccer teams were approached to participate in the study. Out of these 

teams, a total of 47 girls participated in the pre-season testing and were enrolled into the 

study. Four teams were assigned to the intervention group while the other 2 teams were 

designated the control group.  This was because two of the intervention teams practiced 

together. The intervention group had 29 girls, while the control group had 18 girls 

participate in pretesting. However, at posttesting, after 5 months of the intervention, 5 girls 

could not participate due to several reasons; hurting and taped ankle, ankle injury, foot 

injury, fractured leg in cast and unwillingness to participate in the posttest. Three other 

girls did not participate in the YBT during the pretest and posttest due to insufficient time. 

Therefore, the final study sample used in analysis consisted of 39 girls, with 23 in the 

intervention group and 16 in the control group (see Figure 12). 

Demographics 

The demographics and anthropometric characteristics of the participants are as 

presented in Table 1 and Table 2.  

There was no between group difference in age, standing height, body mass, and leg 

length at baseline. Moreso, both groups were similar in certain covariates such as degree of 

soccer experience, number of other sports played, physical maturity and leg dominance. 

Therefore, no further consideration of these covariates was done in analysis. There were 

10 athletes who were exposed to the 11+ program in the last 6 months prior to the study. 

We removed these individuals to re run the analysis for any effect; it did not change the 

results. So, we included them in the final report. 
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 Using the online “Team Snap” website, we tracked athletes’ attendance at team 

practices and games. There were a total of 147 practices and 105 games for all the 6 teams 

collectively. There was no significant difference between groups in the absolute number of 

games and practices attended (See Table 1). From the data obtained, it could be 

extrapolated that the frequency of practices and games was 1.2 and 0.9 times per week, 

respectively, for the intervention group, and 1.3 and 0.9 times per week for the control 

group.  

Effect of FIFA 11+ on Y-balance Scores 

Two-way repeated measures ANOVA indicated no significant difference in YBT 

composite scores of either the right or left leg, or YBT anterior direction asymmetry 

between groups at pretest or posttest (see Table 3). The composite score of the left leg 

showed a significant decrease from pre to post-season for all athletes, regardless of group 

(see Table 3).   
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Assessed for eligibility (n=47) 

Excluded from YBT at 

pretest due to 

insufficient time (n=1) 

 

 

Analysed (n=23) 

 

Lost to follow-up (n=4) 

 Ankle injury (n=1) 

 Painful and taped ankle (n=1) 

 Fractured leg (in cast) (n=1) 

 Foot injury (n=1) 

Allocated to intervention group (n=29) 

 

Lost to follow up (n=1) 

 Withdrew (unwilling) (n=1) 

 

Allocated to control group (n=18) 

 

Analysed (n=16) 

 

Allocation 

Analysis 

Follow-Up 

Randomized (n=47) 

Enrollment 

FIGURE 12.Flow of participants through study recruitment and 

participation. 

 

Excluded from YBT at 

pretest due to insufficient 

time (n=2) 
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IG - Intervention group. CG – Control group. APHV – Age of peak height velocity. Values are 
presented as mean ± SD or median (range).  

 

 

Variable Groups Combined 

 

IG CG P-value 
comparing 

groups 

Age at baseline (yrs) 11.0±0.6 11.0±0.5 10.9±0.7 0.40 

No. of yrs playing soccer  5.3±1.6 5.4±1.8 5.1±1.5 0.90 

No. of yrs playing at club 

level  

2.0(0-3) 2.0(0-3) 2.0(1-3) 0.30 

No. of other sports played 

during indoor soccer 

season 

0.9(0-3) 1.0(0-2) 1.0(0-3) 0.60 

No. of practices attended 

by each athlete 

21(8-37) 21(8-37) 29.5(14-

35) 

0.30 

No. of games attended by 

each athlete 

17(14-21) 16 (14-21) 17(15-17) 0.90 

Time to APHV (yrs) -1.0±0.7 -0.9±0.7 -1.2±0.7 0.20 

Leg dominance  Right – 21  

 Left - 2 

Right – 15 

  Left - 1 

 

Exposed to 11+ in prior 6 

months 

     Yes - 5 

    No - 18 

     Yes - 5 

     No - 11 

 

Table 1 - Demographics 
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Table 2- Anthropometric Characteristics at Baseline 

IG - Intervention group. CG – Control group. Values are presented as mean ± SD or median 

(range). 

 

 

Table 3- Baseline YBT Scores 

Variable       Groups 
combined  

 

IG CG   P 

Composite Y-balance score (Rt leg (%)) 95.8 ± 7.2 94.8 ± 7.0 97.2 ± 7.5 0.3 

Composite Y-balance score (Lt leg (%)) 96.7 ± 6.9 96.4 ± 6.4 97.2 ± 7.7 0.7 

Y- balance anterior direction asymmetry 

(cm) 

3.0(0-10) 3.0(0.5-10) 2.8(0-6) 0.2 

IG - Intervention group. CG – Control group. Values are presented as mean ± SD or median 

(range). 

 

 

Variable Groups Combined 

 

IG CG 
P values 

comparing 
groups 

Standing height(cm) 145.4 ±8.8 
147.3 ± 8.9 142.7 ± 8.1 0.1 

Body mass (kg) 37.8 ± 6.9 38.9 ± 7.9 36.2 ± 5.0 0.2 

Limb length (Rt) (cm) 76.6 ± 5.2 77.8 ± 4.7 74.8 ± 5.6 0.08 

Limb length (Lt) (cm) 76.6 ± 5.2 77.9 ± 4.6 74.8 ± 5.6 0.06 
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Variable 

 
 P 

Groups 

Combined 

IG CG 

Group Time 

Group 

x 

Time 

Right leg composite 
YBT score (%)    

Pre-test 

Post-test 

 

95.8 ± 7.2 

93.7 ± 7.5 

 

94.8 ± 7.0 

93.4 ± 8.1 

 

97.2 ± 7.5 

94.2 ± 6.8 

 

0.7 

 

0.4 

 

0.6 

Left leg composite 

YBT score (%)    

Pre-test 

Post-test 

 

96.7 ± 6.9 

94.5 ± 6.8 

 

96.4 ± 6.4 

94.5 ± 6.7 

 

97.2 ± 7.7 

94.6 ± 7.1 

 

0.8 

 

 

0.009 

 

0.7 

 

YBT asymmetry 

(Ant direction (cm) 

Pre-test                                            

Post-test 

 

3.0(0-10) 

2.5(0–10.5) 

 

3.0(0.5-10) 

3.5(0-8.5) 

 

2.8(0-6) 

1.8(0-10.5) 

 

0.2 

 

 

0.4 

 

0.5 

Abbreviations: IG, Intervention Group; CG, Control Group. Values are presented as mean ± 

SD or median (range). 

Table 4 - Two way Repeated Measures of Primary Outcomes 
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DISCUSSION 

In this study, we found that the FIFA 11+ program, compared to a standard warm 

up, did not significantly improve the YBT scores or asymmetry in the anterior direction 

reach distance of the study participants. There was no significant difference in YBT scores 

between the intervention and control groups at pretest and posttest. The composite score 

of the left leg showed a significant decrease with time for the group as a whole. The decline 

in performance observed for the left leg at posttest may be due to variation with time of 

testing at pretest and posttest. Almost 2/3 of our study participants (n=25) were tested at 

different times of the day; for example, morning versus evening. Majority of these 

participants (n=18) were tested in the evening during pretest and then in the morning 

during posttest. Consistent evidence has shown that physical performance including 

muscle strength peaks in the evening, compared to morning due to increase in core 

temperature which improves body metabolism, neural conduction velocity and rate of 

muscle force production (Hayes, Bickerstaff, & Baker, 2010; Robinson et al., 2013). 

Some studies have previously shown no effect of the 11+ or similar IPPs on balance 

performance. No effect of a neuromuscular warm up program that targets similar 

components as the 11+ (balance, core stability, landing technique and knee alignment), was 

found on the mSEBT among 52 female youth soccer athletes. The intervention was 

performed for 15 minutes at an average frequency of 1.02 ± 0.2 x per week over an 11-

week time frame (Lindblom, Walden, & Hagglund, 2012). Another study also found no 

effect on the SEBT composite score of male soccer athletes when the 11+ warm up was 

performed for 20-25 minutes, 3x per week over a period of 9 weeks (Impellizzeri et al., 
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2013). Older athletes (14-23 years) were involved in both studies, unlike our study 

population of 9-11 year olds. The authors believed that the dosage of exercises, reflecting a 

mix of the frequency, time and length of intervention may not have produced sufficient 

demand to influence performance changes among this age group. This agrees with our 

study where the mean frequency of exposure to the full 11+ program was about 1.2 and 

1.3x/week  for the intervention and control groups respectively. Despite the relatively long 

period of intervention of our study compared to previous investigations, and the pre-

pubertal age of our participants, the frequency of exposure was lower than the FIFA 

recommendation of 2-3x per week for the 11+program. Therefore, the exercise stimulus 

provided may not have been enough to stimulate change. 

The low frequency of exposure seen in Lindbolm, et al. (2012) was mainly due to 

poor attendance at practice sessions (59.6 ± 14.3%). However, in our study, attendance at 

practice sessions was relatively high (77.1% and 93.1% for the intervention and control 

group respectively). The low frequency of participation in our study was due to a number 

of additional factors including policies and logistic issues. Access to gymnasium facilities 

for practice sessions was restricted to once per week for each team, as per club policy and 

gymnasium availability. This posed a major barrier to effective compliance with the FIFA’s 

recommendation of the 11+. Only the frequency of the practice sessions is being considered 

because the athletes were exposed to part 2 of the 11+ program during practice sessions 

and not at games. The part 2 of the 11+ program may be paramount to improvement on the 

YBT because the exercises which target the neuromuscular performance components 

required for good YBT performance (such as strength and balance) are included in part 2 of 

the 11+ program only. 
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A study of 226 Canadian female youth soccer athletes aged 13-18 years found a 

general improvement on the mSEBT regardless of the FIFA 11+ program delivery method 

(Steffen et al., 2013). However, the study indicated that the improvement was only among 

the high adherent group who were exposed to the 11+ program for an average of  2.2x/wk, 

but the low compliant group who had a similar frequency (1.5x/wk) of exposure to our 

study, did not show any change on the mSEBT scores. Unlike our study, which used the YBT 

composite score as the outcome, the improvement in this study was reported in each 

distinct direction, as the authors could not calculate the composite score because the scores 

were not normalized to leg length. Three different methods were used to deliver the 11+ 

program in this study: a control group whose coaches were given only an online access to 

the 11+ website; a regular group whose coaches had a training workshop and were given 

11+ resource materials; and a comprehensive group whose coaches had a combination of a 

training workshop, 11+ resource materials and a physiotherapist who taught the 11+ 

exercises and ensured correct technique for the exercises at practices once a week.  

 Contrary to our results, another study, involving 36 young adult male players, found 

a 6.7% increase in the SEBT after 8 weeks of the 11+ program performed for 20- 25 

minutes at a frequency of 3x per week, compared to a control group (Daneshjoo et al., 

2012a). Two small, related studies involving IPPs targeting core stability and strength also 

demonstrated improvement in mSEBT performance of young male and young female 

soccer athletes (Filipa et al., 2010; Imai, Kaneoka, Okubo, & Shiraki, 2014). These studies 

that showed a significant increase in balance performance had the athletes exposed to the 
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neuromuscular training program at least twice a week (Filipa et al., 2010; Imai et al., 2014; 

Steffen et al., 2013), a much higher frequency of exposure than  our study. Also, the 

interventions in the two aforementioned studies were supervised by trained exercise 

specialists: physiotherapists (PT) in the Filipa, et al. (2010) study (with a ratio of 1 PT to 4 

athletes) and a certified strength and conditioning specialist in the Imai, et al. (2014) study. 

In our study, the 11+ program was supervised by team coaches trained by the research 

team, as recommended by FIFA (Bizzini, 2013). Although the PTs on our research team 

were present at some sessions to help progress the exercises, the actual supervision and 

cueing was done by the team coaches. The degree of supervision and the supervisors’ 

expertise may reflect in the pattern and quality of movement and postural control 

undertaken by the athletes as they participate in the 11+ program and so, may ultimately 

affect the outcome. 

The frequency of the FIFA 11+ exercises in our study may have been insufficient to 

produce the right dosage for the desired outcome. Exercise prescription has various 

principles upon which it depends in order to be effective. One such principle is the FITT- VP 

principle (American College of Sports Medicine, 2014). An exercise needs to be performed 

with the right combination of Frequency, Intensity, Time (duration) and Type of exercise in 

addition to adequate Volume and Progression (American College of Sports Medicine, 2014). 

For instance, according to the American College of Sports Medicine (American College of 

Sports Medicine, 2014) a typical FITT-VP recommendation for a strength training program 

should be 2 – 3 days per week, at moderate to vigorous intensity, for 2-4 sets, involve each 

major muscle group and a gradual progression of resistance or repetition (American 

College of Sports Medicine, 2014). Therefore, the approximately once a week frequency of 
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exposure in this study is low compared to this recommendation for the strength 

component and so, may not have been sufficient to produce change on the chosen 

performance measure (YBT), which requires good strength for optimal performance.  

Also, based on the Specific Adaptation to Imposed Demands (SAID) principle, the 

body will only respond to the kind of stimulus, stress and demand it is exposed to (Katch, 

2011). To improve performance on the YBT, each of its components (balance, strength and 

flexibility) need to be specifically targeted. Improvement in balance requires exercises that 

challenge the postural control mechanism by introducing a temporal perturbation of the 

body’s CG (Winter et al., 1990). Strength improvement requires loading of the muscles with 

force(s) beyond the normal load, while flexibility needs exercises that move the joints 

through an increasing range of motion. The static and side bench exercises in the 11+ 

program target core stability and improve strength/co-contraction of trunk muscles 

(Escamilla, Lewis, Pecson, Imamura, & Andrews, 2016) which are required to maintain the 

CG on the stance leg while reaching out with the other leg during the YBT. The single leg 

stance exercise in part 2 of the 11+ program affects postural control strategies, while the 

squat and hamstring strengthening exercises affect quadriceps and hamstring strength 

(Brindle, Nyland, Ford, Coppola, & Shapiro, 2002; Ninos, Irrgang, Burdett, & Weiss, 1997), 

which should all have some impact on the YBT performance. However, it does appear that 

while the 11+ exercises adhere to the specificity principle for strength and balance, the 

FITT-VP requirements, as discussed earlier, were not reached in our study. Also, the 

reaching task involved in the YBT may require more than strength and balance to be 

accomplished. Adequate hip flexion, knee flexion and ankle dorsiflexion of the stance limb, 

as well as plantar flexion and knee extension of the reach limb are some of the factors 
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needed to improve performance on the YBT (Hertel et al., 2006; Imai et al., 2014; Kinzey & 

Armstrong, 1998; R. Robinson & Gribble, 2008). This component may not have been 

directly affected due to the lack of flexibility exercises such as stretching in the 11+ 

program. 

From an injury prevention standpoint, our participants’ performance on the YBT 

was indicative of no increased risk for lower extremity injuries (more than 94% of limb 

length in composite score and less than 4cm anterior direction asymmetry)(Plisky et al., 

2006). Our composite scores are similar to young female athletes’ performance on mSEBT 

in a previous study (Filipa et al., 2010) and slightly lower than the performance recorded in 

another study (Lindblom et al., 2012). 

Limitations and Strengths 

One of the limitations of this study was the inability to schedule the participants for 

both testing sessions around the same time of day. About two thirds of our study 

participants were tested at different times of the day (morning vs. evening) during the pre-

testing and post-testing sessions. Considering the age of these participants, this might have 

an effect on the motivation and physical performance of the kids depending on their overall 

experiences during the course of the day (Gribble, Tucker, & White, 2007; Hayes et al., 

2010; Robinson et al., 2013; Vitale & Weydahl, 2017). Other logistical issues which limited 

this study included 1) insufficient space, 2) club policy restricting the use of gym facilities 

to once per week for each team, 3) short practice times due to overlap of other sport 

related school activities with scheduled practice sessions, 4) insufficient space for warm up 

during games and 5) unavailability of gym facilities for some scheduled sessions. It was not 
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feasible to complete parts 1 and 3 of the FIFA 11+ program prior to all the games as 

recommended (Bizzini, et al., 2011) due to insufficient time before the games. As a result, 

chances for more exposure to the 11+ program was diminished. Finally, the investigators 

could not be present at every game and practice to monitor adherence. Therefore, we relied 

on coaches, parents and athletes using an online tool (“TeamSnap”) to track attendance at 

team activities to measure exposure.  

 The findings of this study may not be generalizable to other populations such as 

adult male and female athletes as the participants in this study are distinct from the adult 

population regarding maturity status.  

 Besides the periodic visits by the study team to progress the 11+ exercises, a 

research assistant made unscheduled visits to some practice sessions of four teams; two in 

the intervention group and two in the control group. The purpose of these visits was to 

monitor the program as performed by the teams. As a result of these visits, we are pretty 

confident that the teams performed a warm up at their practice sessions as planned; the 

11+ for the intervention group and regular warm up as in the case of the control group.  

 A strength of the study is that the testers were blinded to both the athlete’s team 

and study group. Additional strengths were that the YBT scores were normalized to limb 

length to eliminate bias accruing from height difference on the reach distance. 
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CONCLUSION 

 This study demonstrated that the FIFA 11+ program had no effect on the composite 

scores or anterior direction asymmetry of the YBT in young female soccer athletes when 

performed once per week over an indoor soccer season. This might be due to insufficient 

exercise stimulus as a result of low frequency of exposure and lack of flexibility exercises in 

the 11+ program. 

Performance improvement will continue to be a desirable goal for soccer athletes 

and coaches. Injury prevention programs associated with this goal seems to be the future 

challenge in sports especially soccer to ensure optimal participation and health of athletes. 

Therefore, future studies should investigate compliance to the 11+ program, to identify and 

possibly eliminate barriers to participation such as unfavourable policies, insufficient 

facilities, space and time, in order to ascertain real performance benefits of the program. 

There may be need to incorporate specific exercises targeting flexibility into the 11+ 

program as well.



REFERENCES 

61 
 

Adams, A. L., & Schiff, M. A. (2006). Childhood soccer injuries treated in U.S. emergency 
departments. Acad Emerg Med, 13(5), 571-574. doi:10.1197/j.aem.2005.12.015 

 
Al Attar, W. S., Soomro, N., Pappas, E., Sinclair, P. J., & Sanders, R. H. (2016). How Effective are F-

MARC Injury Prevention Programs for Soccer Players? A Systematic Review and Meta-
Analysis. Sports Med, 46(2), 205-217. doi:10.1007/s40279-015-0404-x 

 
Alentorn-Geli, E., Myer, G. D., Silvers, H. J., Samitier, G., Romero, D., Lazaro-Haro, C., & Cugat, R. 

(2009). Prevention of non-contact anterior cruciate ligament injuries in soccer players. Part 
1: Mechanisms of injury and underlying risk factors. Knee Surg Sports Traumatol Arthrosc, 
17(7), 705-729. doi:10.1007/s00167-009-0813-1 

 
Almeida, G. P. L., Monteiro, I. O., Marizeiro, D. F., Maia, L. B., & de Paula Lima, P. O. (2017). Y balance 

test has no correlation with the Stability Index of the Biodex Balance System. Musculoskelet 
Sci Pract, 27, 1-6. doi:10.1016/j.msksp.2016.11.008 

 
American College of Sports Medicine (2014).ACSM's Guidelines for Exercise Testing and Prescription 

(9th ed.). Baltimore, MD: Wolters Kluwer / Lippincott Williams & Wilkins. 
 
Arendt, E., & Dick, R. (1995). Knee injury patterns among men and women in collegiate basketball 

and soccer. NCAA data and review of literature. Am J Sports Med, 23(6), 694-701.  
 
Beynnon, B. D., Hall, J. S., Sturnick, D. R., DeSarno, M. J., Gardner-Morse, M., Tourville, T. W., . . . Vacek, 

P. M. (2014). Increased slope of the lateral tibial plateau subcchondral bone is associated 
with greater risk of noncontact ACL injury in females but not in males: A prospective cohort 
study witha nested, matched case control analysis. Am J Sports Med, 42(5), 1039-1048.  

 
Bizzini, M., & Dvorak, J. (2015). FIFA 11+: an effective programme to prevent football injuries in 

various player groups worldwide-a narrative review. Br J Sports Med, 49(9), 577-579. 
doi:10.1136/bjsports-2015-094765 

 
Bizzini, M., Junge, A., & Dvorak J. (2011). The 11+ Manual. A complete warm up programme to 

prevent injuries. Retrieved from http://www.yrsa.ca/pdf/Fifa11/11plus_workbook_e.pdf 
 
Bizzini, M., Junge, A., & Dvorak, J. (2013). Implementation of the FIFA 11+ football warm up 

program: how to approach and convince the Football associations to invest in prevention. 
Br J Sports Med, 47(12), 803-806. doi:10.1136/bjsports-2012-092124 

 
Bjordal, J. M., Arnly, F., Hannestad, B., & Strand, T. (1997). Epidemiology of anterior cruciate 

ligament injuries in soccer. Am J Sports Med, 25(3), 341-345.  
 
Blackburn, J. T., & Padua, D. A. (2009). Sagittal-plane trunk position, landing forces, and quadriceps 

electromyographic activity. J Athl Train, 44(2), 174-179. doi:10.4085/1062-6050-44.2.174 
 
Bolger, R., Lyons, M., Harrison, A. J., & Kenny, I. C. (2015). Sprinting performance and resistance-

based training interventions: a systematic review. J Strength Cond Res, 29(4), 1146-1156. 
doi:10.1519/jsc.0000000000000720 

 
Boyer, C., Tremblay, M., Saunders, T. J., McFarlane, A., Borghese, M., Lloyd, M., & Longmuir, P. 

(2013). Feasibility, validity and reliability of the plank isometric hold as a field-based 

http://www.yrsa.ca/pdf/Fifa11/11plus_workbook_e.pdf


REFERENCES 

62 
 

assessment of torso muscular endurance for children 8-12 years of age. Pediatr Exerc Sci, 
25(3), 407-422.  

 
Brindle, T. J., Nyland, J., Ford, K., Coppola, A., & Shapiro, R. (2002). Electromyographic comparison of 

standard and modified closed-chain isometric knee extension exercises. J Strength Cond Res, 
16(1), 129-134.  

 
Brooks, K. A., Clark, S. L., & Dawes, J. J. (2013). Isokinetic Strength and Performance in Collegiate 

Women's Soccer. J Nov Physiother, Suppl 3, 001. doi:10.4172/2165-7025.s3-001 
 
Buckthorpe, M., Morris, J., & Folland, J. P. (2012). Validity of vertical jump measurement devices. J 

Sports Sci, 30(1), 63-69. doi:10.1080/02640414.2011.624539 
 
Butler, R. J., Lehr, M. E., Fink, M. L., Kiesel, K. B., & Plisky, P. J. (2013). Dynamic balance performance 

and noncontact lower extremity injury in college football players: an initial study. Sports 
Health, 5(5), 417-422. doi:10.1177/1941738113498703 

 
Canadian Soccer Association (2011). Canadian Soccer Association 2011 annual report. Retrieved 

from http://www.canadasoccer.com/files/CSA_2011AR_EN.pdf 
 
Canadian Soccer Association (2012). Canadian Soccer Associaton 2012 annual report. Capturing the 

moment. Retrieved from 
http://www.canadasoccer.com/files/CanadaSoccer_2012_Annual_Report.pdf 

 
Canadian Sport for Life, (2013). Physical literacy: Movement preparation guide.   Retrieved 

fromhttp://physicalliteracy.ca/wp-content/uploads/2016/07/Physical-Literacy-
Movement-Preparation-Guide_Web.pdf 

 
Chaudhari, A. M., Zelman, E. A., Flanigan, D. C., Kaeding, C. C., & Nagaraja, H. N. (2009). Anterior 

cruciate ligament-injured subjects have smaller anterior cruciate ligaments than matched 
controls: a magnetic resonance imaging study. Am J Sports Med, 37(7), 1282-1287. 
doi:10.1177/0363546509332256 

 
Chelly, M. S., Fathloun, M., Cherif, N., Ben Amar, M., Tabka, Z., & Van Praagh, E. (2009). Effects of a 

back squat training program on leg power, jump, and sprint performances in junior soccer 
players. J Strength Cond Res, 23(8), 2241-2249. doi:10.1519/JSC.0b013e3181b86c40 

 
Chew-Bullock, T. S., Anderson, D. I., Hamel, K. A., Gorelick, M. L., Wallace, S. A., & Sidaway, B. (2012). 

Kicking performance in relation to balance ability over the support leg. Hum Mov Sci, 31(6), 
1615-1623. doi:10.1016/j.humov.2012.07.001 

 
Clark, R. C., Saxion, C. E., Cameron, K. L., & Gerber, J. P. (2010). Associations between three clinical 

assessment tools for postural stability. N Am J Sports Phys Ther, 5(3), 122-130.   
 
Clausen, M. B., Zebis, M. K., Møller, M., Krustrup, P., Hölmich, P., Wedderkopp, N., . . . Thorborg, K. 

(2014). High injury incidence in adolescent female soccer. Am J Sports Med, 42(10), 2487- 
2494.  

 
College of Kinesiology, U of S. (2015). Prediction of age of peak height velocity.   Retrieved from 

kinesiology.usask.ca/growthutility/phv_ui.php. 

http://www.canadasoccer.com/files/CSA_2011AR_EN.pdf
http://www.canadasoccer.com/files/CanadaSoccer_2012_Annual_Report.pdf
http://physicalliteracy.ca/wp-content/uploads/2016/07/Physical-Literacy-Movement-Preparation-Guide_Web.pdf
http://physicalliteracy.ca/wp-content/uploads/2016/07/Physical-Literacy-Movement-Preparation-Guide_Web.pdf


REFERENCES 

63 
 

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

 
Daneshjoo, A., Mokhtar, A. H., Rahnama, N., & Yusof, A. (2012a). The effects of comprehensive 

warm-up programs on proprioception, static and dynamic balance on male soccer players. 
PLoS One, 7(12), e51568. doi:10.1371/journal.pone.0051568 

 
Daneshjoo, A., Mokhtar, A. H., Rahnama, N., & Yusof, A. (2012b). The effects of injury preventive 

warm-up programs on knee strength ratio in young male professional soccer players. PLoS 
One, 7(12), e50979. doi:10.1371/journal.pone.0050979 

 
Daneshjoo, A., Mokhtar, A. H., Rahnama, N., & Yusof, A. (2013b). Effects of the 11+ and Harmoknee 

Warm-up Programs on Physical Performance Measures in Professional Soccer Players. J 
Sports Sci Med, 12(3), 489-496.  Retrieved from 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3772593/pdf/jssm-12-489.pdf 

 
Daneshjoo, A., Rahnama, N., Mokhtar, A. H., & Yusof, A. (2013). Effectiveness of injury prevention 

programs on developing quadriceps and hamstrings strength of young male professional 
soccer players. J Hum Kinet, 39, 115-125. doi:10.2478/hukin-2013-0074 

 
De Loes, M., Dahlstedt, L. J., & Thomee, R. (2000). A 7-year study on risks and costs of knee injuries 

in male and female youth participants in 12 sports. Scand J Med Sci Sports, 10(2), 90-97. 
 
Distefano, L. J., Distefano, M. J., Frank, B. S., Clark, M. A., & Padua, D. A. (2013). Comparison of 

integrated and isolated training on performance measures and neuromuscular control. J 
Strength Cond Res, 27(4), 1083-1090. doi:10.1519/JSC.0b013e318280d40b. 

 
Domzalski, M., Grzelak, P., & Gabos, P. (2010). Risk factors for Anterior Cruciate Ligament injury in 

skeletally immature patients: analysis of intercondylar notch width using Magnetic 
Resonance Imaging. Int Orthop, 34(5), 703-707. doi:10.1007/s00264-010-0987-7. 

 
Dvorak, J., & Junge, A. (2000). Football Injuries and Physical Symptoms: A Review of the Literature. 

Am J Sports Med, 28(suppl 5), S-3-S-9. doi:10.1177/28.suppl_5.S-3. 
 
Ekstrand, J., & Gillquist, J. (1983). The avoidability of soccer injuries. Int J Sports Med, 4(2), 124-128. 

doi:10.1055/s-2008-1026025. 
 
Ekstrand, J., & Tropp, H. (1990). The incidence of ankle sprains in soccer. Foot Ankle, 11(1), 41-44.  
 
Emery, C., & Tyreman, H. (2009). Sport participation, sport injury, risk factors and sport safety 

practices in Calgary and area junior high schools. Paediatr Child Health, 14(7), 439-444.  
 
 Emery, C. A., Meeuwisse, W. H., & Hartmann, S. E. (2005). Evaluation of risk factors for injury in 

adolescent soccer: implementation and validation of an injury surveillance system. Am J 
Sports Med, 33(12), 1882-1891. doi:10.1177/0363546505279576 

 
Engquist, K.D., Smith, C.A., Chimera N.J., & Warren M. (2015). Performance comparison of student-

athletes and general college students on the Functional Movement Screen and the Y Balance 
Test. Journal of Strength and Conditioning Research, 29(8), 2296 – 2303. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3772593/pdf/jssm-12-489.pdf


REFERENCES 

64 
 

 
Escamilla, R. F., Lewis, C., Pecson, A., Imamura, R., & Andrews, J. R. (2016). Muscle Activation Among 

Supine, Prone, and Side Position Exercises With and Without a Swiss Ball. Sports Health, 
8(4), 372-379. doi:10.1177/1941738116653931 

 
Filipa, A., Byrnes, R., Paterno, M. V., Myer, G. D., & Hewett, T. E. (2010). Neuromuscular training 

improves performance on the star excursion balance test in young female athletes. J Orthop 
Sports Phys Ther, 40(9), 551-558. doi:10.2519/jospt.2010.3325 

 
FMARC. (2016). FIFA 11+ KIDS prevention programme.   Retrieved 

fromhttp://websites.sportstg.com/get_file.cgi?id=36181449 
 
Garcia-Pinillos, F., Ruiz-Ariza, A., Moreno del Castillo, R., & Latorre-Roman, P. A. (2015). Impact of 

limited hamstring flexibility on vertical jump, kicking speed, sprint, and agility in young 
football players. J Sports Sci, 33(12), 1293-1297. doi:10.1080/02640414.2015.1022577 

 
Giannotti, M., Al-Sahab, B., McFaull, S., & Tamim, H. (2011). Epidemiology of acute soccer injuries in 

Canadian children and youth. Pediatr Emerg Care, 27(2), 81-85. 
doi:10.1097/PEC.0b013e3182094340 

 
Gilchrist, J., Mandelbaum, B. R., Melancon, H., Ryan, G. W., Silvers, H. J., Griffin, L. Y., . . . Dvorak, J. 

(2008). A randomized controlled trial to prevent non contact Anterior Cruciate Ligament 
Injury in female collegiate soccer players. Am J Sports Med, 36(8), 1476 - 1483.  

 
Giza, E., & Micheli, L. J. (2005). Soccer injuries. Med Sport Sci, 49, 140-169. doi:10.1159/000085395. 
 
Glave, A. P., Didier, J. J., Weatherwax, J., Browning, S. J., & Fiaud, V. (2016). Testing Postural Stability: 

Are the Star Excursion Balance Test and Biodex Balance System Limits of Stability Tests 
Consistent? Gait Posture, 43, 225-227. doi:10.1016/j.gaitpost.2015.09.028.  

 
Gonell, A. C., Romero, J. A., & Soler, L. M. (2015). Relationship between the Y Balance test scores and 

soft tissue injury incidence in a soccer team. Int J Sports Phys Ther, 10(7), 955-966. 
 
Gribble, P. A., Hertel, J., & Denegar, C. R. (2003). considerations for normalizing measures of the star 

excursion balance test. measurement in physical education and exercise science, 7(2), 89 -
100.  

 
Gribble, P. A., Hertel, J., & Plisky, P. (2012). Using the Star Excursion Balance Test to assess dynamic 

postural-control deficits and outcomes in lower extremity injury: a literature and 
systematic review. J Athl Train, 47(3), 339-357. doi:10.4085/1062-6050-47.3.08. 

 
Gribble, P. A., Tucker, W. S., & White, P. A. (2007). Time-of-day influences on static and dynamic 

postural control. J Athl Train, 42(1), 35-41.  
 
Grooms, D. R., Palmer, T., Onate, J. A., Myer, G. D., & Grindstaff, T. (2013). Soccer-specific warm-up 

and lower extremity injury rates in collegiate male soccer players. J Athl Train, 48(6), 782-
789. doi:10.4085/1062-6050-48.4.08 

 

http://websites.sportstg.com/get_file.cgi?id=36181449


REFERENCES 

65 
 

Hadjicharalambous, M. (2016). The effects of regular supplementary flexibility training on physical 
fitness performance of young high-level soccer players. J Sports Med Phys Fitness, 56(6), 
699-708.  

 
Hagglund, M., Walden, M., Bahr, R., & Ekstrand, J. (2005). Methods for epidemiological study of 

injuries to professional football players: developing the UEFA model. Br J Sports Med, 39(6), 
340-346. doi:10.1136/bjsm.2005.018267 

 
Hammes, D., Aus der Funten, K., Kaiser, S., Frisen, E., Bizzini, M., & Meyer, T. (2015). Injury 

prevention in male veteran football players - a randomised controlled trial using "FIFA 
11+". J Sports Sci, 33(9), 873-881. doi:10.1080/02640414.2014.975736 

 
Haugen, T., Tonnessen, E., Hisdal, J., & Seiler, S. (2014). The role and development of sprinting speed 

in soccer. Int J Sports Physiol Perform, 9(3), 432-441. doi:10.1123/ijspp.2013-0121 
 
Hayes, L. D., Bickerstaff, G. F., & Baker, J. S. (2010). Interactions of cortisol, testosterone, and 

resistance training: influence of circadian rhythms. Chronobiol Int, 27(4), 675-705. 
doi:10.3109/07420521003778773 

 
Hertel, J., Braham, R. A., Hale, S. A., & Olmsted-Kramer, L. C. (2006). Simplifying the star excursion 

balance test: analyses of subjects with and without chronic ankle instability. J Orthop Sports 
Phys Ther, 36(3), 131-137. doi:10.2519/jospt.2006.36.3.131 

 
Hertel J, M. S. a. D. C. (2000). Intratester and intertester reliability during the star Excursin balance 

test. J Sport Rehabil, 9, 104 - 116.  
 
Holden, S., Boreham, C., Doherty, C., Wang, D., & Delahunt, E. (2014). Dynamic postural stability in 

young adolescent male and female athletes. Pediatr Phys Ther, 26(4), 447-452. 
doi:10.1097/pep.0000000000000071 

 
Hooper, T. L., James, C. R., Brismee, J. M., Rogers, T. J., Gilbert, K. K., Browne, K. L., & Sizer, P. S. 

(2016). Dynamic balance as measured by the Y-Balance Test is reduced in individuals with 
low back pain: A cross-sectional comparative study. Phys Ther Sport, 22, 29-34. 
doi:10.1016/j.ptsp.2016.04.006 

 
Hoy, K., Lindblad, B. E., Terkelsen, C. J., Helleland, H. E., & Terkelsen, C. J. (1992). European soccer 

injuries. A prospective epidemiologic and socioeconomic study. Am J Sports Med, 20(3), 318-
322.  

 
Hrysomallis, C. (2011). Balance Ability and Athletic Performance. Sports Medicine, 41(3), 221-232.   
 
Hubbard, T. J., Kramer, L. C., Denegar, C. R., & Hertel, J. (2007). Correlations among multiple 

measures of functional and mechanical instability in subjects with chronic ankle instability. 
J Athl Train, 42(3), 361-366.  Retrieved from 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1978473/pdf/i1062-6050-42-3-361.pdf 

 
Imai, A., Kaneoka, K., Okubo, Y., & Shiraki, H. (2014). Effects of two types of trunk exercises on 

balance and athletic performance in youth soccer players. Intl J of Sports Phys Ther, 9(1), 47-
57.   

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1978473/pdf/i1062-6050-42-3-361.pdf


REFERENCES 

66 
 

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. J Sports Sci, 31(13), 1491-1502. doi:10.1080/02640414.2013.802926 

 
Inklaar, H. (1994a). Soccer injuries. I: Incidence and severity. Sports Med, 18(1), 55-73.  
 
Inklaar, H. (1994b). Soccer injuries. II: Aetiology and prevention. Sports Med, 18(2), 81-93.  
 
Inklaar, H., Bol, E., Schmikli, S. L., & Mosterd, W. L. (1996). Injuries in male soccer players: team risk 

analysis. Int J Sports Med, 17(3), 229-234. doi:10.1055/s-2007-972837 
 
Janssen, K. W., Orchard, J. W., Driscoll, T. R., & van Mechelen, W. (2012). High incidence and costs for 

anterior cruciate ligament reconstructions performed in Australia from 2003-2004 to 2007-
2008: time for an anterior cruciate ligament register by Scandinavian model? Scand J Med 
Sci Sports, 22(4), 495-501. doi:10.1111/j.1600-0838.2010.01253.x 

 
Joseph, A. M., Collins, C. L., Henke, N. M., Yard, E. E., Fields, S. K., & Comstock, R. D. (2013). A 

multisport epidemiologic comparison of anterior cruciate ligament injuries in high school 
athletics. J Athl Train, 48(6), 810-817. doi:10.4085/1062-6050-48.6.03 

 
Junge, A., Lamprecht, M., Stamm, H., Hasler, H., Bizzini, M., Tschopp, M., . . . Dvorak, J. (2011). 

Countrywide campaign to prevent soccer injuries in Swiss amateur players. Am J Sports 
Med, 39(1), 57-63. doi:10.1177/0363546510377424 

 
Junge, A., Rosch, D., Peterson, L., Graf-Baumann, T., & Dvorak, J. (2002). Prevention of soccer 

injuries: a prospective intervention study in youth amateur players. Am J Sports Med, 30(5), 
652-659.   

 
Katis, A., Kellis, E., & Lees, A. (2015). Age and gender differences in kinematics of powerful instep 

kicks in soccer. Sports Biomech, 14(3), 287-299. doi:10.1080/14763141.2015.1056221 
 
Kiani, A., Hellquist, E., Ahlqvist, K., Gedeborg, R., Michaelsson, K., & Byberg, L. (2010). Prevention of 

soccer-related knee injuries in teenaged girls. Arch Intern Med, 170(1), 43-49. 
doi:10.1001/archinternmed.2009.289 

 
Kinzey, S. J., & Armstrong, C. W. (1998). The reliability of the star-excursion test in assessing 

dynamic balance. J Orthop Sports Phys Ther, 27(5), 356-360. 
doi:10.2519/jospt.1998.27.5.356 

 
LaBella, C. R., Huxford, M. R., Grissom, J., Kim, K. Y., Peng, J., & Christoffel, K. K. (2011). Effect of 

neuromuscular warm-up on injuries in female soccer and basketball athletes in urban 
public high schools: cluster randomized controlled trial. Arch Pediatr Adolesc Med, 165(11), 
1033-1040. doi:10.1001/archpediatrics.2011.168 

 
Lanning, C. L., Uhl, T. L., Ingram, C. L., Mattacola, C. G., English, T., & Newsom, S. (2006). Baseline 

values of trunk endurance and hip strength in collegiate athletes. J Athl Train, 41(4), 427-
434.   

 
Le Gall, F., Carling, C., & Reilly, T. (2008). Injuries in young elite female soccer players: an 8-season 

prospective study. Am J Sports Med, 36(2), 276-284. doi:10.1177/0363546507307866 



REFERENCES 

67 
 

 
Lee, D. K., Kang, M. H., Lee, T. S., & Oh, J. S. (2015). Relationships among the Y balance test, Berg 

Balance Scale, and lower limb strength in middle-aged and older females. Braz J Phys Ther, 
19(3), 227-234. doi:10.1590/bjpt-rbf.2014.0096 

 
Leslie G. Portney, M. P. W. (2015). Validity of measurements Foundations of clinical research. 

applications to practice (3rd ed., pp. 97 - 116). Philadelphia: F.A Davis Company. 
 
Lindblom, H., Walden, M., & Hagglund, M. (2012). No effect on performance tests from a 

neuromuscular warm-up programme in youth female football: a randomised controlled 
trial. Knee Surg Sports Traumatol Arthrosc, 20(10), 2116-2123. doi:10.1007/s00167-011-
1846-9 

 
Lipps, D. B., Oh, Y. K., Ashton-Miller, J. A., & Wojtys, E. M. (2012). Morphologic characteristics help 

explain the gender difference in peak anterior cruciate ligament strain during a simulated 
pivot landing. Am J Sports Med, 40(1), 32-40. doi:10.1177/0363546511422325 

 
Louw, Q. A., Manilall, J., & Grimmer, K. A. (2008). Epidemiology of knee injuries among adolescents: 

a systematic review. Br J Sports Med, 42(1), 2-10. doi:10.1136/bjsm.2007.035360 
 
Kunz, M. (2007). Big count. FIFA Magazine.  Retrieved from 

https://www.fifa.com/mm/document/fifafacts/bcoffsurv/emaga_9384_10704.pdf 
 
Mandelbaum, B. R., Silvers, H. J., Watanabe, D. S., Knarr, J. F., Thomas, S. D., Griffin, L. Y., . . . Garrett, 

W., Jr. (2005). Effectiveness of a neuromuscular and proprioceptive training program in 
preventing anterior cruciate ligament injuries in female athletes: 2-year follow-up. Am J 
Sports Med, 33(7), 1003-1010. doi:10.1177/0363546504272261 

 
Manolopoulos, E., Katis, A., Manolopoulos, K., Kalapotharakos, V., & Kellis, E. (2013). Effects of a 10-

week resistance exercise program on soccer kick biomechanics and muscle strength. J 
Strength Cond Res, 27(12), 3391-3401. doi:10.1519/JSC.0b013e3182915f21 

 
Martin S. Hagger, N. L. D. C., Murray Griffin and Joanne thatcher. (2005). Injury representations, 

coping, Emotions, and Functional outcomes in athletes with sports-related injuries: A test of 
self-regulation theory. Journal of applied social psychology, 35(11), 2345 - 2374.  

 
McKay, C. D., Steffen, K., Romiti, M., Finch, C. F., & Emery, C. A. (2014). The effect of coach and player 

injury knowledge, attitudes and beliefs on adherence to the FIFA 11+ programme in female 
youth soccer. Br J Sports Med, 48(17), 1281-1286. doi:10.1136/bjsports-2014-093543 

 
Michaelidis, M., & Koumantakis, G. A. (2014). Effects of knee injury primary prevention programs on 

anterior cruciate ligament injury rates in female athletes in different sports: a systematic 
review. Phys Ther Sport, 15(3), 200-210. doi:10.1016/j.ptsp.2013.12.002 

 
Mirwald, R. L., Baxter-Jones, A. D., Bailey, D. A., & Beunen, G. P. (2002). An assessment of maturity 

from anthropometric measurements. Med Sci Sports Exerc, 34(4), 689-694.  
 
Mountcastle, S. B., Posner, M., Kragh, J. F., Jr., & Taylor, D. C. (2007). Gender differences in anterior 

cruciate ligament injury vary with activity: epidemiology of anterior cruciate ligament 

https://www.fifa.com/mm/document/fifafacts/bcoffsurv/emaga_9384_10704.pdf


REFERENCES 

68 
 

injuries in a young, athletic population. Am J Sports Med, 35(10), 1635-1642. 
doi:10.1177/0363546507302917 

 
Myer, G. D., Ford, K. R., Brent, J. L., & Hewett, T. E. (2006). The effects of plyometric vs. dynamic 

stabilization and balance training on power, balance, and landing force in female athletes. J 
Strength Cond Res, 20(2), 345-353. doi:10.1519/r-17955.1 

 
Myklebust, G., & Bahr, R. (2005). Return to play guidelines after anterior cruciate ligament surgery. 

Br J Sports Med, 39(3), 127-131. doi:10.1136/bjsm.2004.010900 
 
Nakase, J., Inaki, A., Mochizuki, T., Toratani, T., Kosaka, M., Ohashi, Y., . . . Tsuchiya, H. (2013). Whole 

body muscle activity during the FIFA 11+ program evaluated by positron emission 
tomography. PLoS One, 8(9), e73898. doi:10.1371/journal.pone.0073898 

 
Negra, Y., Chaabene, H., Hammami, M., Hachana, Y., & Granacher, U. (2016). Effects of high-velocity 

resistance training on athletic performance in prepuberal male soccer athletes. J Strength 
Cond Res. doi:10.1519/jsc.0000000000001433 

 
Nery, C., Raduan, F., & Baumfeld, D. (2016). Foot and Ankle Injuries in Professional Soccer Players: 

Diagnosis, Treatment, and Expectations. Foot Ankle Clin, 21(2), 391-403. 
doi:10.1016/j.fcl.2016.01.009 

 
Nielsen, A. B., & Yde, J. (1989). Epidemiology and traumatology of injuries in soccer. Am J Sports 

Med, 17(6), 803-807.  
 
Nilsson, T., Ostenberg, A. H., & Alricsson, M. (2016). Injury profile among elite male youth soccer 

players in a Swedish first league. J Exerc Rehabil, 12(2), 83-89. 
doi:10.12965/jer.1632548.274 

 
Ninos, J. C., Irrgang, J. J., Burdett, R., & Weiss, J. R. (1997). Electromyographic analysis of the squat 

performed in self-selected lower extremity neutral rotation and 30 degrees of lower 
extremity turn-out from the self-selected neutral position. J Orthop Sports Phys Ther, 25(5), 
307-315. doi:10.2519/jospt.1997.25.5.307 

 
Oiestad, B. E., Holm, I., Aune, A. K., Gunderson, R., Myklebust, G., Engebretsen, L., . . . Risberg, M. A. 

(2010). Knee function and prevalence of knee osteoarthritis after anterior cruciate ligament 
reconstruction: a prospective study with 10 to 15 years of follow-up. Am J Sports Med, 
38(11), 2201-2210. doi:10.1177/0363546510373876 

 
Overmoyer, G. V., & Reiser Ii, R. F. (2015). Relationships between lower extremity flexibility, 

asymmetries, and the y balance test. Journal of Strength & Conditioning Research (Lippincott 
Williams & Wilkins), 29(5), 1240.  

 
Owoeye, O. B., Akinbo, S. R., Tella, B. A., & Olawale, O. A. (2014). Efficacy of the FIFA 11+ Warm-Up 

Programme in Male Youth Football: A Cluster Randomised Controlled Trial. J Sports Sci Med, 
13(2), 321-328.   

 
Padua, D. A., Marshall, S. W., Boling, M. C., Thigpen, C. A., Garrett, W. E., Jr., & Beutler, A. I. (2009). 

The Landing Error Scoring System (LESS) Is a valid and reliable clinical assessment tool of 



REFERENCES 

69 
 

jump-landing biomechanics: The JUMP-ACL study. Am J Sports Med, 37(10), 1996-2002. 
doi:10.1177/0363546509343200 

 
Pfeiffer, R. P., Shea, K. G., Roberts, D., Grandstrand, S., & Bond, L. (2006). Lack of effect of a knee 

ligament injury prevention program on the incidence of non contact anterior cruciate 
ligament injury. J Bone  Joint surg, Am., 88(8), 1769-1774.  

 
Plisky, P. J., Gorman, P. P., Butler, R. J., Kiesel, K. B., Underwood, F. B., & Elkins, B. (2009). The 

reliability of an instrumented device for measuring components of the star excursion 
balance test. N Am J Sports Phys Ther, 4(2), 92-99.  

 
Plisky, P. J., Rauh, M. J., Kaminski, T. W., & Underwood, F. B. (2006). Star Excursion Balance Test as a 

predictor of lower extremity injury in high school basketball players. J Orthop Sports Phys 
Ther, 36(12), 911-919. doi:10.2519/jospt.2006.2244 

 
Poulsen, T. D., Freund, K. G., Madsen, F., & Sandvej, K. (1991). Injuries in high-skilled and low-skilled 

soccer: a prospective study. Br J Sports Med, 25(3), 151-153.   
 
Price, R. J., Hawkins, R. D., Hulse, M. A., & Hodson, A. (2004). The Football Association medical 

research programme: an audit of injuries in academy youth football. Br J Sports Med, 38(4), 
466-471. doi:10.1136/bjsm.2003.005165 

 
Reis, I., Rebelo, A., Krustrup, P., & Brito, J. (2013). Performance enhancement effects of Federation 

Internationale de Football Association's "The 11+" injury prevention training program in 
youth futsal players. Clin J Sport Med, 23(4), 318-320. doi:10.1097/JSM.0b013e318285630e 

 
Renstrom, P., Arms, S. W., Stanwyck, T. S., Johnson, R. J., & Pope, M. H. (1986). Strain within the 

anterior cruciate ligament during hamstring and quadriceps activity. Am J Sports Med, 14(1), 
83-87.  

 
Ricotti, L. (2011). Static and dynamic balance in young athletes.J Hum  Sport Exerc., 6(4), 616 -628.  
 
Rival, C., Ceyte, H., & Olivier, I. (2005). Developmental changes of static standing balance in children. 

Neurosci Lett, 376(2), 133-136. doi:10.1016/j.neulet.2004.11.042 
 
Robinson, R., & Gribble, P. (2008). Kinematic predictors of performance on the Star Excursion 

Balance Test. J Sport Rehabil, 17(4), 347-357.  
 
Robinson, W. R., Pullinger, S. A., Kerry, J. W., Giacomoni, M., Robertson, C. M., Burniston, J. G., . . . 

Edwards, B. J. (2013). Does lowering evening rectal temperature to morning levels offset the 
diurnal variation in muscle force production? Chronobiol Int, 30(8), 998-1010. 
doi:10.3109/07420528.2013.793197 

 
Rodriguez Fernandez, A., Sanchez, J., Rodriguez Marroyo, J. A., & Villa, J. G. (2016). Effects of seven 

weeks of static hamstring stretching on flexibility and sprint performance in young soccer 
players according to their playing position. J Sports Med Phys Fitness, 56(4), 345-351.  

 
Rossler, R., Donath, L., Bizzini, M., & Faude, O. (2016). A new injury prevention programme for 

children's football--FIFA 11+ Kids--can improve motor performance: a cluster-randomised 
controlled trial. J Sports Sci, 34(6), 549-556. doi:10.1080/02640414.2015.1099715. 



REFERENCES 

70 
 

 
Rössler, R., Donath, L., Verhagen, E., Junge, A., Schweizer, T., & Faude, O. (2014). Exercise- based 

injury prevention in child and adolescent sport: A systematic review and meta- analysis. 
Sports Med, 44, 1733 -1748.  

 
Rossler, R., Junge, A., Chomiak, J., Dvorak, J., & Faude, O. (2016). Soccer Injuries in Players Aged 7 to 

12 Years: A Descriptive Epidemiological Study Over 2 Seasons. Am J Sports Med, 44(2), 309-
317. doi:10.1177/0363546515614816. 

 
Rozzi, S. L., Lephart, S. M., Gear, W. S., & Fu, F. H. (1999). Knee joint laxity and neuromuscular 

characteristics of male and female soccer and basketball players. Am J Sports Med, 27(3), 
312-319.   

 
Schmikli, S. L., Backx, F. J., Kemler, H. J., & van Mechelen, W. (2009). National survey on sports 

injuries in the Netherlands: target populations for sports injury prevention programs. Clin J 
Sport Med, 19(2), 101-106. doi:10.1097/JSM.0b013e31819b9ca3. 

 
Sentsomedi, K. R., & Puckree, T. (2016). Epidemiology of injuries in female high school soccer 

players. Afr Health Sci, 16(1), 298-305. doi:10.4314/ahs.v16i1.39. 
 
Shaffer, S. W., Teyhen, D. S., Lorenson, C. L., Warren, R. L., Koreerat, C. M., Straseske, C. A., & Childs, J. 

D. (2013). Y-balance test: a reliability study involving multiple raters. Mil Med, 178(11), 
1264-1270. doi:10.7205/milmed-d-13-00222. 

 
Shimokochi, Y., Yong Lee, S., Shultz, S. J., & Schmitz, R. J. (2009). The relationships among sagittal-

plane lower extremity moments: implications for landing strategy in anterior cruciate 
ligament injury prevention. J Athl Train, 44(1), 33-38. doi:10.4085/1062-6050-44.1.33. 

 
Shultz, S. J., Schmitz, R. J., Benjaminse, A., Collins, M., Ford, K., & Kulas, A. S. (2015). ACL Research 

Retreat VII: An Update on Anterior Cruciate Ligament Injury Risk Factor Identification, 
Screening, and Prevention. J Athl Train, 50(10), 1076-1093. doi:10.4085/1062-6050-
50.10.06. 

 
Shumway-Cook A, W. M. H. (Ed.) (2012). Motor control: translating research into clinical practice 

(4th ed.). Philadelphia: Wolters Kluwer Health/ Lippincott Williams & Wilkins. 
 
Silvers, H. J., & Mandelbaum, B. R. (2007). Prevention of anterior cruciate ligament injury in the 

female athlete. Br J Sports Med, 41 Suppl 1, i52-59. doi:10.1136/bjsm.2007.037200. 
 
Silvers-Granelli, H., Mandelbaum, B., Adeniji, O., Insler, S., Bizzini, M., Pohlig, R., . . . Dvorak, J. (2015). 

Efficacy of the FIFA 11+ Injury Prevention Program in the Collegiate Male Soccer Player. Am 
J Sports Med, 43(11), 2628-2637. doi:10.1177/0363546515602009. 

 
Smith, C. A., Chimera, N. J., & Warren, M. (2015). Association of Y balance test reach asymmetry and 

injury in division I athletes. Med Sci Sports Exerc, 47(1), 136-141. 
doi:10.1249/mss.0000000000000380. 

 
Soderman, K., Adolphson, J., Lorentzon, R., & Alfredson, H. (2001). Injuries in adolescent female 

players in European football: a prospective study over one outdoor soccer season. Scand J 
Med Sci Sports, 11(5), 299-304.   



REFERENCES 

71 
 

 
Söderman, K., Werner, S., Pietilö, T., Engström, B., & Alfredson, H. (2000). Balance board training: 

prevention of tramatic injuries of the lower extremities in female soccer players?: A 
prospective randomized randomized intervention study. Knee Surgery, Sports 
Traumatology, Arthroscopy, 8(6), 356-363.  

 
Soligard, T., Myklebust, G., Steffen, K., Holme, I., Silvers, H., Bizzini, M., . . . Andersen, T. E. (2008). 

Comprehensive warm-up programme to prevent injuries in young female footballers: 
cluster randomised controlled trial. BMJ, 337, a2469. doi:10.1136/ BMJ.a2469. 

 
Soligard, T., Nilstad, A., Steffen, K., Myklebust, G., Holme, I., Dvorak, J., . . . Andersen, T. E. (2010). 

Compliance with a comprehensive warm-up programme to prevent injuries in youth 
football. Br J Sports Med, 44(11), 787-793. doi:10.1136/bjsm.2009.070672. 

 
Steffen, K., Bakka, H. M., Myklebust, G., & Bahr, R. (2008). Performance aspects of an injury 

prevention program: a ten-week intervention in adolescent female football players. Scand J 
Med Sci Sports, 18(5), 596-604. doi:10.1111/j.1600-0838.2007.00708.x 

 
Steffen, K., Emery, C. A., Romiti, M., Kang, J., Bizzini, M., Dvorak, J., . . . Meeuwisse, W. H. (2013). High 

adherence to a neuromuscular injury prevention programme (FIFA 11+) improves 
functional balance and reduces injury risk in Canadian youth female football players: a 
cluster randomised trial. Br J Sports Med, 47(12), 794-802. doi:10.1136/bjsports-2012-
091886 

 
Steffen, K., Myklebust, G., Olsen, O. E., Holme, I., & Bahr, R. (2008). Preventing injuries in female 

youth football--a cluster-randomized controlled trial. Scand J Med Sci Sports, 18(5), 605-614. 
doi:10.1111/j.1600-0838.2007.00703.x 

 
Stijak, L., Herzog, R. F., & Schai, P. (2008). Is there an influence of the tibial slope of the lateral 

condyle on the ACL lesion? A case-control study. Knee Surg Sports Traumatol Arthrosc, 
16(2), 112-117. doi:10.1007/s00167-007-0438-1. 

 
Stolen, T., Chamari, K., Castagna, C., & Wisloff, U. (2005). Physiology of soccer: an update. Sports 

Med, 35(6), 501-536.  
 
Strauss, A., Jacobs, S., & Van Den Berg, L. (2012). Anthropometric, fitness and technical skill 

characteristics of elite male national soccer players: A review. African journal for Physical, 
Health Education, Recreation and Dance(AJPHERD), 18(2), 365 -394.  

 
Sugimoto, D., Myer, G. D., Barber Foss, K. D., Pepin, M. J., Micheli, L. J., & Hewett, T. E. (2016). Critical 

components of neuromuscular training to reduce ACL injury risk in female athletes: meta-
regression analysis. Br J Sports Med, 50(20), 1259-1266. doi:10.1136/bjsports-2015-
095596. 

 
Sugimoto, D., Myer, G. D., Foss, K. D., & 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. Br J Sports Med, 49(5), 282-289. 
doi:10.1136/bjsports-2014-093461. 

 



REFERENCES 

72 
 

Sutton, K. M., & Bullock, J. M. (2013). Anterior cruciate ligament rupture: differences between males 
and females. J Am Acad Orthop Surg, 21(1), 41-50. doi:10.5435/jaaos-21-01-41. 

 
Taskin, H. (2008). Evaluating sprinting ability, density of acceleration, and speed dribbling ability of 

professional soccer players with respect to their positions. J Strength Cond Res, 22(5), 1481-
1486. doi:10.1519/JSC.0b013e318181fd90. 

 
Toth, A. P., & Cordasco, F. A. (2001). Anterior cruciate ligament injuries in the female athlete. J Gend 

Specif Med, 4(4), 25-34.  
 
Trecroci, A., Cavaggioni, L., Caccia, R., & Alberti, G. (2015). Jump Rope Training: Balance and Motor 

Coordination in Preadolescent Soccer Players. J Sports Sci Med, 14(4), 792-798.   
 
University of South Florida Orthopedics and Sports Medicine, S. (2017). The PEP program.   

Retrieved from http://health.usf.edu/medicine/orthopaedic/smart/pep/index.htm. 
 
Victor L. Katch, W. D. M. a. F. I. K. (2011). Exercise training and adaptation Essentials of exercise 
physiology (4th ed., pp. 407 - 441). China: Lippincott Williams & Wilkins. 
 
Vitale, J. A., & Weydahl, A. (2017). Chronotype, Physical Activity, and Sport Performance: A 

Systematic Review. Sports Med. doi:10.1007/s40279-017-0741-z 
 
Walden, M., Atroshi, I., Magnusson, H., Wagner, P., & Hagglund, M. (2012). Prevention of acute knee 

injuries in adolescent female football players: cluster randomised controlled trial. Bmj, 344, 
e3042. doi:10.1136/bmj.e3042 

 
Way, R. (2015). Public health agency of canada, Canada Soccer, FIFA and Canadian Sport for life 

bring soccer injury prevention programs to community soccer clubs across the country.   
Retrieved from http://www.canadasoccer.com/public-health-agency-of-canada-canada-
soccer-fifa-and-canadian-sport-for-life-bring-soccer-injury-prevention-programs-to-
community-soccer-clubs-across-the-country-p158003 

 
Whitney, D. C., Sturnick, D. R., Vacek, P. M., DeSarno, M. J., Gardner-Morse, M., Tourville, T. W., . . . 

Beynnon, B. D. (2014). Relationship Between the Risk of Suffering a First-Time Noncontact 
ACL Injury and Geometry of the Femoral Notch and ACL: A Prospective Cohort Study With a 
Nested Case-Control Analysis. Am J Sports Med, 42(8), 1796-1805. 
doi:10.1177/0363546514534182 

 
Whittaker, J. L., & Emery, C. A. (2015). Impact of the FIFA 11+ on the structure of select muscles in 

adolescent female soccer players. Phys Ther Sport, 16(3), 228-235. 
doi:10.1016/j.ptsp.2014.10.007 

 
Wikstrom, E. A., Tillman, M. D., Smith, A. N., & Borsa, P. A. (2005). A new force-plate technology 

measure of dynamic postural stability: the dynamic postural stability index. J Athl Train, 
40(4), 305-309.   

 
Winter, D. A., Patla, A. E., & Frank, J. S. (1990). Assessment of balance control in humans. Med Prog 

Technol, 16(1-2), 31-51.  
 

http://health.usf.edu/medicine/orthopaedic/smart/pep/index.htm
http://www.canadasoccer.com/public-health-agency-of-canada-canada-soccer-fifa-and-canadian-sport-for-life-bring-soccer-injury-prevention-programs-to-community-soccer-clubs-across-the-country-p158003
http://www.canadasoccer.com/public-health-agency-of-canada-canada-soccer-fifa-and-canadian-sport-for-life-bring-soccer-injury-prevention-programs-to-community-soccer-clubs-across-the-country-p158003
http://www.canadasoccer.com/public-health-agency-of-canada-canada-soccer-fifa-and-canadian-sport-for-life-bring-soccer-injury-prevention-programs-to-community-soccer-clubs-across-the-country-p158003


REFERENCES 

73 
 

Wong, P., & Hong, Y. (2005). Soccer injury in the lower extremities. Br J Sports Med, 39, 473-482. 
doi:10.1136/bjsm.2004.015511. 

 
Yoo, J. H., Lim, B. O., Ha, M., Lee, S. W., Oh, S. J., Lee, Y. S., & Kim, J. G. (2010). A meta-analysis of the 

effect of neuromuscular training on the prevention of the anterior cruciate ligament injury 
in female athletes. Knee Surg Sports Traumatol Arthrosc, 18(6), 824-830. 
doi:10.1007/s00167-009-0901-2. 

 
Zago, M., Codari, M., Grilli, M., Bellistri, G., Lovecchio, N., & Sforza, C. (2016). Determinants of the 

half-turn with the ball in sub-elite youth soccer players. Sports Biomech, 15(2), 234-244. 
doi:10.1080/14763141.2016.1162841. 

 
Zeng, C., Gao, S. G., Wei, J., Yang, T. B., Cheng, L., Luo, W., . . . Lei, G. H. (2013). The influence of the 

intercondylar notch dimensions on injury of the anterior cruciate ligament: a meta-analysis. 
Knee Surg Sports Traumatol Arthrosc, 21(4), 804-815. doi:10.1007/s00167-012-2166-4



APPENDIX  A - CONSENT FORMS 

74 
 



 

75 
 

 

 

 

 



 

76 
 

 

  



 

77 
 

 

  



 

78 
 

 

  



 

79 
 

 

  



 

80 
 

 

  



 

81 
 

 



 

82 
 

 
 


