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ABSTRACT 

Participation in physical activity during childhood has many positive long-term 
health effects and should be promoted as part of a healthy lifestyle. Overall 
physical activity in children during leisure time has been observed to decrease while 
participation in organised sports has become more popular. However, organised 
sports contain a higher risk of injuries than nonorganised leisure time activities, and 
sports injuries are considered as an important public health concern in the youth. 

The aim of this dissertation is first to examine the epidemiology of acute 
injuries in children’s football, and then, to investigate whether a warm-up 
programme designed to improve neuromuscular control, motor skills and 
movement quality is effective in the prevention of acute and overuse lower 
extremity (LE) injuries in children’s football. 

Data for the dissertation are from a 20-week cluster-randomised controlled trial 
(RCT), in which 20 Finnish under (U) U11–U14 Finnish youth football clubs 
attended during the years 2014–2015. The participants were 1409 players (280 
females, 1129 males) aged 9–14 years. The participants completed questionnaires 
and underwent measurements at baseline, after which they were randomised into 
the intervention group (676 players) and the control group (733 players) according 
to the home cities of the participating clubs. The intervention group team coaches 
were introduced to a neuromuscular training (NMT) warm-up programme 
designed to prevent injuries, and were advised to execute the warm-up in their 
teams 2–3 times per week throughout a 20-week follow-up. Injury data from all 
players were collected weekly via automated text messages and structured phone 
interviews by study physiotherapists during the follow-up. The NMT warm-up 
sessions and exposure hours to football matches and training were also registered. 

Study I examined the epidemiology of acute football injuries in the control 
group of the 20-week RCT. The overall acute injury rate was moderately high (6.5 
injuries per 1000 hours of football exposure), and the ankle (30% of all acute 
injuries) was the most commonly injured anatomic location. Noncontact injuries 
formed a significant part (37%) of all injuries. Females were almost twice as likely 
to suffer from ankle injuries in comparison to males. 
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Study II investigated whether the rate of acute LE injuries could be reduced 
with a NMT warm-up programme. The acute LE injury rate was 4.4 per 1000 
hours in the intervention group and 5.5 per 1000 hours in the control group. There 
was no difference between the groups (injury rate ratio [IRR] 0.81, 95% confidence 
interval [CI] 0.63 to 1.03, control group as reference). However, the intervention 
group had 33% less acute noncontact LE injuries compared to the control group 
(IRR 0.67, 95% CI 0.48 to 0.93). 

Study III examined whether the NMT warm-up programme could reduce the 
prevalence of overuse LE injuries. The average weekly prevalence of overuse LE 
injuries was 11.6% in the intervention group and 11.3% in the control group. 
There was no difference in the weekly prevalence of overuse LE injuries between 
the groups (odds ratio 1.01, 95% CI 0.99 to 1.03). 

In study IV, adherence to the NMT warm-up programme was under closer 
examination. The aim was to evaluate the weekly adherence of the 44 intervention 
teams to the NMT warm-up programme and to examine whether high adherence 
to the programme could result in greater reductions in the rate of acute LE injuries 
and the prevalence of overuse LE injuries. The intervention teams conducted on 
average 1.7 (standard deviation 1.0) NMT warm-ups weekly throughout the 20-
week follow-up. The number of weekly NMT warm-up sessions declined by 1.9% 
(95% CI 0.8% to 3.1%) a week, corresponding to a decrease from an average of 2.0 
sessions in the first month to 1.5 sessions in the fifth month of follow-up. The risk 
of acute noncontact LE injuries was 33% lower in the high team adherence group 
compared to the controls (IRR 0.67, 95% CI 0.48 to 0.94). In the additional 
efficacy analysis, the rate of noncontact LE injuries was 47% lower in the seven 
teams with the highest adherence compared to the control group (IRR 0.53, 95% 
CI 0.29 to 0.97). 

The findings of this dissertation suggest that the acute injury rate in children’s 
football is moderately high. A significant proportion of the injuries are noncontact 
injuries, suggesting that at least part of them could be prevented by better 
neuromuscular control. Indeed, the NMT warm-up programme was found to be 
effective in reducing acute noncontact LE injuries by one third. The greatest 
beneficial effect on the rate of acute noncontact LE injuries was found in the 
teams adhering best to the intervention, and a minimum of two regular weekly 
NMT warm-up sessions appears to be sufficient. No preventive effect of the NMT 
warm-up on the prevalence of overuse LE injuries was observed. The moderately 
high prevalence of overuse LE injuries is a major concern in children’s football, as 
one in ten players suffered from overuse LE injury symptoms each week. The 
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studied NMT warm-up has good potential for wide implementation into children’s 
weekly football training. 
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TIIVISTELMÄ 

Lasten ja nuorten fyysinen aktiivisuus on vähentynyt huolimatta vankasti 
osoitetuista liikuntaan liittyvistä moninaisista terveyshyödyistä, jotka kantavat 
aikuisiälle asti. Erityisesti lasten vapaamuotoinen fyysinen aktiivisuus vapaa-ajalla 
on vähentynyt, ja liikunnan harrastamisen painopiste on siirtynyt organisoituun 
toimintaan urheiluseuraympäristössä. Samalla lasten ja nuorten harjoittelu 
urheiluseuroissa on muuttunut entistä vaativammaksi ja kilpailuhenkisemmäksi. 
Vammariski urheiluharrastuksessa on korkeampi kuin vapaa-ajan liikunnassa. 
Lisäksi heikko kunto ja heikot motoriset taidot lisäävät sekä äkillisten vammojen 
että rasitusvammojen riskiä. Liikuntavammojen määrä onkin kasvanut lasten ja 
nuorten keskuudessa, ja trendiin puuttuminen ennaltaehkäisyn keinoin on tärkeä 
osa terveysliikunnan edistämistä. 

Tämän väitöstutkimuksen tavoitteena on kerryttää tietoa äkillisten vammojen 
epidemiologiasta lasten jalkapallossa, ja tutkia vammojen ehkäisyyn suunnitellun 
aktivoivan alkuverryttelyn tehokkuutta ja käytettävyyttä äkillisten alaraajavammojen 
ja alaraajojen rasitusvammojen ehkäisyssä. Välillisesti tutkimuksen tarkoituksena on 
edistää liikuntaharrastuksen turvallisuutta lapsilla. 

Tutkimukset toteutettiin satunnaistetussa kontrolloidussa asetelmassa Suomen 
Palloliiton kansallisen kehittämisohjelman Sami Hyypiä Akatemian alle 11–14-
vuotiaiden ikäluokkien 20 jalkapalloseuran parissa vuosina 2014–2015. 
Tutkimusjoukko koostui 1409 pelaajasta (280 tyttöä, 1129 poikaa, iän vaihteluväli 
9–14 vuotta), jotka osallistuivat lähtötasotesteihin ja -kyselyyn, jonka jälkeen 
jalkapalloseurat satunnaistettiin harjoitusryhmään (676 pelaajaa) ja kontrolliryhmään 
(733 pelaajaa). Harjoitusryhmän joukkueiden valmentajat koulutettiin 
viikonloppuleirillä toteuttamaan tutkittavaa hermo-lihasjärjestelmää aktivoivaa 
alkuverryttelyä joukkueissaan. Ohjeistuksena oli korvata lajiharjoitusta edeltävä 
tavanomainen alkuverryttely 2–3 kertaa viikossa tutkimusalkuverryttelyllä. 
Kontrolliryhmän harjoitteluun ei puututtu. Harjoittelun toteutumista ja vammojen 
ilmaantumista seurattiin viiden kuukauden (20 viikkoa) seurantajakson ajan. 

Ensimmäisessä osatyössä tarkasteltiin äkillisten vammojen epidemiologiaa 
kontrolliryhmän pelaajilla 20 viikon aikana. Jalkapallovammojen ilmaantuvuus 
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todettiin muiden nuorten joukkuelajien tapaan korkeaksi: 6,5 vammaa tuhatta 
jalkapallon harjoitus- ja pelituntia kohden. Suurin osa vammoista sattui nilkkaan (30 
% kaikista äkillisistä vammoista), ja tytöt olivat melkein kaksinkertaisessa riskissä 
nilkkavammoille verrattuna poikiin. Ilman kontaktia sattuvat vammat olivat yleisiä 
(37 %).  

Toisessa osatyössä tutkittiin, voidaanko äkillisten alaraajavammojen 
ilmaantuvuutta vähentää tutkimusalkuverryttelyllä. Äkillisten alaraajavammojen 
ilmaantuvuustiheys tutkimusalkuverryttelyä suorittaneessa harjoitusryhmässä oli 4,4 
vammaa tuhatta harjoitus- ja pelituntia kohden ja vastaava luku kontrolliryhmässä 
oli 5,5. Tilastollisesti ryhmien välillä ei havaittu merkitsevää eroa (vammariskisuhde 
0,81; 95 %:n luottamusväli [LV] 0,63–1,03; kontrolliryhmä vertailuarvona). Sen 
sijaan ilman kontaktia sattuneita äkillisiä alaraajavammoja havaittiin 
harjoitusryhmässä 33 % vähemmän kontrolliryhmään verrattuna (vammariskisuhde 
0,67; 95 %:n LV 0,48–0,93). 

Kolmannessa osatyössä tutkittiin alaraajojen rasitusvammojen vallitsevuutta 
harjoitus- ja kontrolliryhmän välillä. Keskimääräinen viikoittainen alaraajojen 
rasitusvammojen vallitsevuus oli 11,6 % harjoitusryhmässä ja 11,3 % 
kontrolliryhmässä. Ryhmien välillä ei ollut tilastollista eroa: vammariskisuhde 1,01; 
95 %:n LV 0,99–1,03). 

Neljännessä osatyössä tutkittiin, kuinka tutkimusalkuverryttelyä toteutettiin 
seurannan aikana yksilö- ja joukkuetasoilla sekä vertailtiin alaraajavammojen 
ilmaantuvuutta ja vallitsevuutta harjoitteluun hyviin sitoutuneiden yksilöiden ja 
joukkueiden sekä kontrolliryhmän välillä. Harjoitusryhmän joukkueet toteuttivat 
tutkimusalkuverryttelyä keskimäärin 1,7 kertaa viikossa (keskihajonta 1,0) 
seurannan aikana. Harjoitteluun sitoutuneisuus laski seurannan aikana 1,9 % 
viikossa (95 %:n LV 0,8–3,1) vastaten laskua 2,0 viikoittaisesta 
tutkimusalkuverryttelystä seurannan alussa 1,5 tutkimusalkuverryttelyyn seurannan 
lopussa. Vammariski hyvin harjoitteluun sitoutuneissa joukkueissa oli 33 % 
pienempi verrattuna kontrolliryhmään (vammariskisuhde 0,67; 95 %:n LV 0,48–
0,94). Erillisessä efficacy-analyysissä, sisältäen seitsemän tutkimusalkuverryttelyyn 
parhaiten sitoutunutta joukkuetta, riskivähenemä oli jopa 47 % kontrolliryhmään 
verrattuna (vammariskisuhde 0,53; 95 %:n LV 0,29–0,97). 

Yhteenvetona väitöstutkimuksen löydöksistä todetaan, että äkilliset vammat 
ovat yleisiä lasten jalkapalloharrastuksessa. Merkittävä osa vammoista sattuu ilman 
kontaktia ja siten moni näistä vammoista olisi ennaltaehkäistävissä paremmalla 
liikehallinnalla ja huolellisella alkuverryttelyllä. Aktivoiva alkuverryttely osoittautui 
tehokkaaksi vähentämään ilman kontaktia sattuvien äkillisten alaraajavammojen 
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riskiä lasten jalkapallossa ja suurin vaikutus nähtiin joukkueissa, joissa 
alkuverryttelyn toteutus oli säännöllisintä. Alaraajojen rasitusvammojen 
vallitsevuuteen aktivoivalla alkuverryttelyllä ei näyttänyt olevan vaikutusta. Lasten 
rasitusvammat ovat varsin yleisiä, sillä keskimäärin yksi kymmenestä lapsesta 
raportoi rasitusvamman oireita jokaisena seurantaviikkona. Etenkin 
rasitusvammojen ehkäisymahdollisuuksien tutkimusta on siten tärkeä edistää 
tulevaisuudessa. Tutkittu hermo-lihasjärjestelmää aktivoiva alkuverryttely soveltuu 
laajasti käyttöön otettavaksi osana lasten viikoittaista jalkapalloharrastusta. 
Tutkimusnäyttöön perustuen aktivoivaa alkuverryttelyä suositellaan toteutettavaksi 
vähintään kaksi kertaa viikossa. 
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1 INTRODUCTION 

Participation in physical activity has various positive long-term health effects and is 
widely recommended as part of a healthy lifestyle. (World Health Organization, 
2020) Most importantly, increased physical fitness is outright associated with lower 
all-cause mortality and morbidity in adults. (Blair, 1995) In children, the health 
benefits of physical activity have also been established in not only somatic health 
measures but in mental wellness as well. (World Health Organization, 2020; 
Janssen & LeBlanc, 2010; Wu et al., 2017) In addition, participation in sports as a 
child is associated with higher physical activity in adulthood; the lifelong habit of 
physical exercise is conveniently learned at a young age. Thus, the World Health 
Organization recommends moderate to vigorous exercise at a minimum of 60 
minutes daily for children aged 5–17 years, and participation in organised sports is 
encouraged to achieve this. 

Participation in sports activities is also the leading cause of injury in youth and 
thus, a major public health concern. (Emery & Pasanen, 2019) Organised sports 
have become more popular during the last decades, while sedentary behaviour has 
increased. Organised sports are demanding for a child’s physical abilities and often 
include a competitive environment, both of which contribute to a high risk of 
injuries. Sedentary behaviour may result in weaker development of motor skills, 
and thus, result in insufficient movement control and movement quality for 
organised sports activities. (Bloemers et al., 2012) Survey data from Finland show 
that half of all 9–15-year-olds participate in organised sports and over a half of all 
6–15-year-olds suffer from a sports injury every year. Most injuries, and also most 
severe injuries, occur in organised sports. The rate of recurrency in sports injuries 
is also worrisome. (Kokko & Martin, 2019) 

The sports injury problem in youth is essential to tackle as injuries have severe 
immediate and long-term adverse effects. At the onset, sports injuries can cause 
pain and limit enjoyment and participation in the sport. Eventually, these injuries 
may discourage children to continue their sport: 8% of youth are estimated to 
drop-out from sports every year due to sports injuries. (Emery & Pasanen, 2019) 
Children dropping out from sports activities are further at risk of not meeting 
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adequate physical activity in later life resulting in poor health outcomes. (Maffulli et 
al., 2010) The economic burden of youth sports injuries, comprising of increased 
use of medical care, lost productivity and future health problems, is substantial. 
Lost productivity is seen as absenteeism from school or parents’ work in the short-
term and as possible impairment in health-related quality of life or capacity to work 
in the long-term. (Michaels-Igbokwe et al., 2019) 

Encouragement of the youth to physical activity should parallel with efforts to 
make sports participation safe. Research on the possibilities to prevent injuries in 
sports is thus warranted. Based on high-quality randomised controlled trials 
(RCTs), neuromuscular training (NMT) has shown to be effective in injury 
prevention across sports and ages. (Olsen et al., 2003; Pasanen et al., 2008; Soligard 
et al., 2008; Waldén et al., 2012) However, in under 13–year-old children’s football, 
the means and efficacy of injury prevention is less studied. Especially, the 
knowledge on overuse injury prevention is lacking. 

This dissertation follows the sequence of sports injury prevention research 
introduced by van Mechelen, Hlobil & Kemper (1992), and further advances the 
scope to test the implementation of the injury prevention means. (Finch, 2006) 
First the magnitude of the injury problem is addressed in epidemiological studies 
(Step 1). Second, the mechanisms and risk factors behind the injuries are identified 
(Step 2). Then, based on these two steps, injury preventive methods are designed 
and introduced (Step 3), and their efficacy is tested in a RCT setting (Step 4). 
Further, the adherence to the designed injury prevention programme, and whether 
it effects to the impact of the programme is analysed in the study focusing on 
implementation (Steps 5 and 6). 

The aim of this dissertation is first to examine the epidemiology of acute 
injuries in children’s football, and then, to investigate whether a warm-up 
programme aimed to improve neuromuscular control, motor skills and movement 
quality is effective in the prevention of acute and overuse lower extremity (LE) 
injuries in children’s football. Finally, the adherence to the designed intervention 
and the impact of adherence to the effectiveness of the programme is analysed to 
evaluate the suitability of the programme for wide implementation in children’s 
football. The term football, which refers to the sport also known as soccer, is used 
throughout this dissertation. 
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2 REVIEW OF THE LITERATURE 

 

2.1 Sports injuries 

2.1.1 Sports injury definitions 

The study of youth football injuries follows the principles of sports injury research 
in general. Unified terminology in epidemiological research is essential in order to 
gain comparable data across studies. (Brooks & Fuller, 2006) Even defining what is 
a sports injury and classifying one type of sports injuries apart from other types is 
not straightforward. There are numerous ways to define the accountable event or 
outcome measure ‘sports injury’ in sports injury prevention research. There have 
been many efforts by teams of expert researchers in different sports to come up 
with structured consensus statements to establish more unified methodology and 
terminology and guide the injury research practice. (Fuller, Colin et al., 2007; Junge 
et al., 2008; King et al., 2009; Mountjoy et al., 2016; Orchard et al., 2016; Pluim et 
al., 2009; Schwellnus et al., 2019; Timpka et al., 2014a; Turner et al., 2012) The 
consensus statement on injury definitions and data collection procedures in studies 
of football injuries was conducted by Fuller and coworkers in 2006. (Fuller et al., 
2006) Despite these efforts, considerable variation in the definitions of an injury 
remain. (Clarsen & Bahr, 2014) The most recent consensus statement that covers 
all of sports defines an injury as tissue damage or other derangement of normal 
physical function due to participation in sports, resulting from rapid or repetitive 
transfer of kinetic energy. (Bahr et al., 2020) The statement tries to make 
distinction between injury and illness, the latter of which is defined as a health-
related complaint or disorder not related to an injury. Illnesses may include 
problems in physical, mental, or social well-being. However, clear distinction is not 
always possible, and the terms injury and illness are to be inclusive in nature. (Bahr 
et al., 2020) 
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The definition of a sports injury has most often been based on a recordable 
time-loss from sports or the need for medical attention in the diagnostics and 
treatment of the injury. (Bahr et al., 2020; Fuller et al., 2006) However, there has 
come increasing evidence that not all injuries lead to time-loss from sports or 
medical attention – especially not all overuse injuries. Clarsen and Bahr (2014) have 
introduced the injury concept as a continuum consisting of all physical complaints 
as the base, and as the injury becomes more severe it forces the athlete to 
withstand from competition altogether, thus leading to time-loss from competition 
(Figure 1). The need for medical attention is a valid definition of an injury in elite 
sports where there is medical staff readily available, but the expenses limit its use in 
children’s sports and in larger-scale studies. There are also many minor injury 
complaints that do not require medical care and are hence not accounted for in 
tracking injuries. On the other hand, more severe injuries can become 
overrepresented in this way of tracking injuries. Thus, self-reported and symptom- 
or performance-based definitions of a sports injury are better to understand the 
whole magnitude of the injury problem compared to those based on the need of 
medical attention or time-loss from sports. (Bahr et al., 2020) 

Other definitions of sports injuries have been used for the sake of practicality. 
For instance, defining injuries to those leading to an insurance claim is useful in 
retrospective studies in which data have been collected from health registries. In 
some studies, the injuries have only been defined as those treated in emergency 
departments. (Giannotti et al., 2011) To conclude, the definition of an injury – as 
well as the related terminology, such as severity, onset and mechanisms of the 
injury - must be fitted to best match the purposes of each research project. 
  



 

27 

Figure 1.  Capturing the whole extent of the sports injury problem and interaction between various 
definitions of sports injury. Adapted from Clarsen and Bahr, 2014. 

 

 

2.1.1 Sports injury classification 

2.1.1.1 Sports injury severity 

The severity of sports injuries can be classified in alternative ways. (Finch 1997; 
Timpka et al., 2014b; van Mechelen, 1997) Most often this is based on time-loss 
from sports which has been considered the golden standard in earlier consensus 
statements. (Fuller et al., 2006; Mountjoy et al., 2016; Pluim et al., 2009; Timpka et 
al., 2014a; Turner et al., 2012) Time-loss is counted from the day of the onset of 
the injury through to the day the athlete can fully participate in training and 
competition. Further, the severity of injuries is often categorised according to their 
duration (e.g., 0 days, 1–7 days, 8–28 days or >28 days). However, using time-loss 
as a measure of severity ignores all injury complaints where time-loss is not present 
but performance remains impaired, the problem of which is accounted for in the 
latest consensus statement. (Bahr et al., 2020) Also the point of recovery from an 
injury often remains indeterminate, as the athlete may be able to participate in 
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training or even competition at least in some level before the injury has fully 
resolved. 

More recently, tools to measure injuries and their severity with self-reports of 
injury symptoms and their consequences on subjective health and performance 
have gained foothold in research. The Oslo Sports Trauma Research Center 
Questionnaire on Health Problems (OSTRC-H), designed in 2013 and updated in 
2020, is among the most refined of such tools. (Clarsen, Myklebust, & Bahr, 2013; 
Clarsen et al., 2020) It surveys the extent of the injury problem in its effect on 
symptoms experienced during sports participation, training volume, sports 
performance and perceived pain. These self-reports are especially good in tracking 
overuse injuries from which the majority do not result in time-loss. A limitation, 
for the time being, in using these methods is that they are not yet thoroughly 
evaluated and validated in the whole of sports injury research field. 

Other means of reporting sports injury severity include measures based on 
clinical outcomes such as admissions to hospital care, permanent disability, or 
retirement from sports as a result of the injury. (Finch 1997; Schwellnus et al., 
2019) 

2.1.1.2 Sports injury location 

Sports injuries are registered according to the affected anatomical locations within 
the body to obtain more information of the injury characteristics in the setting of 
interest. The anatomical regions of the body are divided into main groupings (e.g., 
lower extremity, upper extremity) that are further divided into individual categories 
(e.g., knee, elbow). (Fuller et al., 2006) Individual categories are the preferred 
classification to be used, but for analysis purposes it may be necessary to resort to 
using the main groupings. The consensus statements in football (Fuller et al., 2006) 
and later in all sports (Bahr et al., 2020) do not differ regarding the classification of 
injury site, but the latter is more detailed in describing the structures involved in 
different body areas and is hence presented here (Table 1). 
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Table 1.  Recommended body regions and areas to categorise sports injuries. Adapted from Bahr 
et al., 2020. 

Region Body area Notes 
Head and neck Head Includes face, brain (concussion), eyes, ears and teeth. 
 Neck Includes cervical spine, larynx and major vessels. 
Upper extremity Shoulder Includes clavicle, scapula, rotator cuff, and proximal biceps 

muscle tendons. 
 Upper arm Includes humeral shaft, and the biceps, triceps and brachial 

muscles. 
 Elbow Includes ligaments, and biceps and triceps muscle 

insertions. 
 Forearm Includes non-articular radius and ulna. 
 Wrist Includes carpal bones. 
 Hand Includes fingers and thumb. 
Trunk Chest Includes sternum, ribs, breast and chest organs. 
 Thoracic spine Includes thoracic spine and costovertebral joints. 
 Lumbosacral area Includes lumbar spine, sacroiliac joints, sacrum, coccyx 

and buttocks. 
 Abdomen Includes abdominal organs and other structures below 

diaphragm and above inguinal canal. 
Lower extremity Hip and groin Includes hip, pubic symphysis, proximal adductor muscles 

and iliopsoas muscle. 
 Thigh Includes femur, hamstring muscles, ischial tuberosity, 

quadriceps muscle and mid-distal adductor muscles. 
 Knee Includes patella, patellar tendon and pes anserinus. 
 Lower leg Includes non-articular tibia and fibula, calf and Achilles 

tendon. 
 Ankle Includes syndesmosis, talocrural joint and subtalar joint. 
 Foot Includes toes, calcaneus and plantar fascia. 
Unspecified Region unspecified  
Multiple regions Single injury crossing 

two or more regions 
 

2.1.1.3 Sports injury onset 

Acute injury is straightforwardly defined as an injury with a single identifiable event 
responsible for the injury, whereas the definition of overuse injuries has had greater 
variety. (Bahr et al., 2020; Neil, Winkelmann, & Edler, 2018) Fuller and coworkers 
(2006) defined overuse injuries in football by negation of the acute injury definition 
and adding “repeated microtrauma” as causation to complete the term: overuse 
injuries are injuries caused by repeated microtrauma without a single identifiable 
event responsible. In an earlier methodological review by Hägglund and coworkers 
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(2005), overuse injuries in elite football were recommended to be defined as pain 
syndromes of the musculoskeletal system with insidious onset and without any 
known trauma or disease that might have given a previous symptom. This 
definition was later made short in the same authors’ study in 2011 to an injury with 
insidious onset and no known trauma. (Ekstrand, Hägglund, & Waldén, 2011) 

The 2020 consensus statement on sports injury research underlined that injuries 
should be classified as sudden onset and gradual onset injuries and reminded that 
overuse injuries have earlier been referred to as gradual onset injuries. (Bahr et al., 
2020) However, injuries often have elements of both sudden and gradual onset 
injuries because incomplete recovery of a tissue due to overuse may make it 
susceptible to a sudden onset (acute) injury in a potential event of an injury. The 
consensus group encourages to discontinue the use of exclusive terms of sudden or 
gradual onset and instead implement methods to better capture the nature of the 
pathology behind injuries, be it from a clear single spike in mechanical energy 
causing the injury, from repetitive low-energy transfer over time or from a mixture 
of both these mechanisms. Thus, overuse injury definition is extended to include 
both gradual and sudden onset presentation. 

2.1.1.4 Sports injury types 

Contact injuries result from a direct contact to the injured body region. The 
contact may be from another person, an object or from the surface. Noncontact 
injuries result without a direct external force to the injured body region. The third 
type of sports injuries, indirect contact injuries, are also distinguished in the 2020 
consensus statement on sports injury surveillance as injuries where external force 
not applied directly to the injured body region, but elsewhere, sets in motion a 
causal chain leading to injury. (Bahr et al., 2020) However, making a distinction 
between noncontact and indirect contact injuries is ambiguous, and thus, indirect 
contact injuries have often been classified as noncontact injuries in earlier research. 
Examples of the different mechanisms of injuries in football would be a ball hitting 
to the head of a player causing a concussion (contact), an opponent tackling a 
player off the ball (shoulder to shoulder contact) resulting in rolling the player’s 
ankle outwards (indirect contact), or a player making a cutting maneuver on the 
field during which the anterior cruciate ligament (ACL) ruptures (noncontact). 
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2.1.2 Sports injury incidence 

After defining what counts as a sports injury, it needs to be defined how to keep 
count of injuries. In other words, injury incidence and prevalence must be defined. 
The term injury rate is used for sports injury incidence in this dissertation, and it 
refers to the occurrence of new cases of injuries per unit of person time. The 
golden standard in reporting injury rate is to prospectively measure the number of 
new injuries occurring in a study population during a specific time period (e.g., 
during a season), and then divide the number of injuries by the number of 
exposures. In sports injury research, injury rate is most commonly reported as the 
number of injuries per 1000 hours of sports participation, that is, the exposure 
hours for a potential injury to occur. Further, training and competition injury rates 
are reported separately. If actual individual exposure hours are not available, injury 
rate can be based on a cluster exposure or on a specifically defined exposure unit 
other than the actual exposure to sports. For example, an individual’s exposure 
could be expressed as an estimate based on a certain reference group’s known 
exposure, like team-based exposure in team sports. Injury rate per week or per 
competitive season would serve as examples of specifically defined exposure units 
of time. Weaker methods of reporting injury rate do not consider differences in 
exposure time. These methods include reporting injuries occuring in a single event 
like a tournament, or injuries occurring per player per match in a team sport. 
Athlete-exposure defined as the number of sports events (e.g., matches and 
training sessions) an individual participates in has also been used. (Delfino 
Barboza, Rössler, & Verhagen, 2018; Kucera et al., 2005) Accumulating data of 
injury rates between different sports or different levels of play in a particular sport 
give us estimates of the risk of injuries in those particular settings and further, 
make it possible to compare the injury risks of different settings. (van Mechelen, 
Hlobil, & Kemper, 1992) 

One considerable aspect is what to take into account for exposure time. A 
simple way to define exposure time is the time spent in training and competition in 
the sport of interest. However, individuals in the sub-elite level, particularly 
children and youth, often spend time in other sporting activities as well and 
exercise outside organised training sessions in their sport or in other activities. 
Moreover, the training schedule in team sports often includes other training 
sessions, such as strength or endurance training. It is important for researchers to 
be aware of this and decide whether to exclude certain forms of exercise exposure 
from the final exposure used in the statistical analysis of injury rate. In the 
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International Olympic Committee consensus statement, sports training of the 
athlete is defined as physical activities that are aimed at maintaining or improving 
their skills, physical condition and/or performance in their sport, thus taking all 
organised training sessions into exposure time. (Bahr et al., 2020) The best practice 
would be to register the exposure time and injury rate for sports-specific training, 
other training (e.g., strength and conditioning training, warm-ups and cool-downs) 
and competition separately. 

2.1.3 Sports injury prevalence 

Sports injury prevalence is the proportion of injured individuals present in the 
population of interest at a given time. (Bahr et al., 2020) It should not be confused 
with the proportion of actual injuries, which is not recommended to be used as 
prevalence in sports injury research terminology. Point prevalence is the proportion of 
athletes who have an existing injury at a particular point in time (e.g., date). Period 
prevalence is the proportion of athletes that have reported an injury at any time 
during an interval of time (e.g., weekly, yearly or seasonly prevalence), and often is 
the most applicable sort of prevalence to be used in injury prevention research. A 
challenge in the period prevalence is that some individuals may experience multiple 
episodes of the injury symptoms (e.g., back pain) within a time interval, while 
others may have only one episode, but both are accounted equally for in the 
prevalence. Period prevalence differs from injury rate also by taking into account 
not only pre-existing injury problems but also new injuries occurring at a particular 
time. Thus, high prevalence may be simultaneous to low injury rate; for example, 
the injury rate (new cases) for patellar tendinopathy might be very low in a follow-
up season, while rather many athletes may be affected by pre-existing conditions 
during the same follow-up (high prevalence). Lifetime prevalence refers to the 
proportion of individuals in the population who at some point in their life suffer 
from an injury of interest. This method is useful especially in the research of more 
rare or particularly severe injuries. Prevalence is thought to be superior to injury 
rate as the outcome measure for overuse injuries due to the chronic on-off nature 
of these injuries. (Bahr et al., 2020) 
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2.1.4 Sports injury burden 

Sports injury burden is defined as the cross-product of injury rate times injury 
severity and yields a more complete measure of the impact of injuries in a certain 
context. The golden standard would be to report injury burden as the number of 
days lost due to injury per 1000 hours of exposure. Sports injury epidemiology and 
prevention research has traditionally focused on comparing injury rate between 
groups and reported injury severity as a secondary outcome. This practice has been 
under discussion, and injury burden is now encouraged to be reported in sports 
injury publications. (Bahr, Clarsen, & Ekstrand, 2018; Bahr et al., 2020) 

Injury burden as a concept can also be thought from a public health and 
(health)economical perspective. For example, a public health approach would 
emphasize the discontinuation of physical activity due to injuries and the adverse 
effects of a sedentary lifestyle. A (health)economical approach would consider the 
acute and long-term costs of sports injuries for individuals and the society. 

2.2 Sports injury prevention 

2.2.1 Approaches to injury prevention 

The classical approach to sports injury prevention research is based on the 
‘sequence of prevention’ model introduced in 1992. (van Mechelen, Hlobil & 
Kemper, 1992) The model comprises of four steps. First, the extent of the 
problem must be identified and described. This means investigating the type and 
occurrence of injuries and how severe they are in the population of interest. 
Secondly, the injury mechanisms and risk factors for suffering from an injury must 
be identified. The first two steps are prefered in prospective follow-up studies. The 
third step is to set in motion measures hypothesised to reduce the risk of injuries 
and their severity based on the aetiological factors and mechanisms identified in 
the second step. Finally, the efficacy of the preventive measures must be evaluated 
most preferably in RCTs and eventually in meta-analyses of different data sets. 

Before the first step, the research terminology and methodology should be 
defined with precision. (Brooks & Fuller, 2006) Experts in the field of injury 
research gather together regularly to come up to an agreement and provide 
consensus statements that guide researchers globally to become more uniform in 
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their work. The latest consensus statement led by Professor Roald Bahr 
summarised the terminology and gave recommendations on good clinical practice 
in injury data collection and research reporting in all sports. (Bahr et al., 2020) This 
serves as an update for the earlier consensus statement in the field of football. 
(Fuller et al., 2006) 

In the fourth step, testing the efficacy of potentially preventive means, it is most 
preferable to conduct a RCT to answer the question. To improve the quality of 
research, experts have given instructions on the Consolidated Standards of 
Reporting Trials (CONSORT) statement guideline and the CONSORT cluster 
extension for authors reporting the results of RCTs. (Campbell et al., 2012; Schulz, 
Altman, & Moher, 2010) 

The Translating Research into Injury Prevention Practice (TRIPP) framework 
has established its position in the research field as an extension to the van 
Mechelen’s model. (Finch, 2006) This framework provides guidelines for 
translating results of a RCT into practice. In other words, it advances the scope of 
injury prevention into fifth and sixth steps, where effectiveness, or implementation, 
of the designed preventive programmes is considered (Figure 2). In order for an 
injury prevention programme to be effective in everyday practice, it must be readily 
taken into use by coaches and athletes; not only in ideal and controlled conditions 
as during a RCT, but also after the controlled setting in a real-world context. 
(Emery & Pasanen, 2019) In the fifth step, different implementation strategies for 
injury prevention programmes are designed, tested and refined. A major part of the 
fifth step is to identify facilitators and barriers for uptake of the preventive 
measures among the programme deliverers and end-users. This step requires a 
thorough examination of the sporting culture, infrastructure and the people on 
field in order to answer the question what is required for the targeted behavioural 
change. The sixth step is the final stage, where the intervention is implemented and 
its effectiveness in injury prevention is evaluated in the real-world context. Thus, 
only after accounting for all six steps in the sequence of injury prevention, one can 
assess the true impact of a particular injury prevention measure. 
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Figure 2.  Sequence of sports injury prevention research. Adapted from van Mechelen, Hlobil & 
Kemper, 1992, and Finch, 2006. 

2.2.2 Sports injury prevention levels 

The life cycle of all injuries, and thus injury prevention, is divided into three levels 
in time known as the first dimension of the Haddon matrix in research. William 
Haddon jr. (1980) designed the concept for motor vehicle accident research. The 
Haddon Matrix looks at the human (e.g., driver of the vehicle), vehicle, physical 
environment, and social environment before (“pre-crash”), during (“crash”) and 
after (“post-crash”) an accident. The other dimensions in the Haddon Matrix 
relates to whether the preventive measure targets the individual, vehicle, or 
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environment. Later, the Haddon Matrix has been modified for sports injury 
prevention purposes (Meeuwisse & Bahr, 2009; Vriend et al., 2017) 

The three time-windows (pre-crash, crash and post-crash) are related to 
different levels of prevention known as primary, secondary and tertiary prevention 
of injuries. The categorisation of prevention strategies into these time-windows is 
not exclusive, but instead, has significant overlap. In sports injury research, the 
other dimensions are translatable to athlete-related, equipment-related and 
environment-related measures. 

Primary prevention refers to preventing sports injuries before any injury exists. 
Thus, it aims to reduce the occurrence of injuries. (Meeuwisse & Bahr, 2009) There 
are numerous ways to achieve this. For example, athlete-related primary prevention 
might include proper warm-up and training techniques, optimised training 
workload, or injury-aware behaviour. Environmental primary prevention could 
refer to sporting surfaces or modifications in sports rules and policies. Equipment-
related primary prevention aims to optimise the use of protective equipment, for 
example the use of shin guards in football.  

Secondary prevention aims to improve the outcome of the inevitable event where 
sports injury occurs. In other words, to mitigate the severity of the “crash”. 
Protective equipment is essential in secondary prevention, but it also includes the 
early detection and diagnosis of an injury as well as field-side first aid. (Meeuwisse 
& Bahr, 2009) An example of athlete-related secondary prevention would be the 
practice of proper movement techniques during landings from jumps. 

Tertiary prevention aims to minimise the consequences of a sports injury after it 
has been diagnosed. This includes possible medical treatment, the rehabilitation 
process and timely return to sport. (Meeuwisse & Bahr, 2009) Further, tertiary 
prevention is important in the prevention of recurrent injuries. 

Other dimensions in levels of sports injury prevention include the division 
between active and passive measures by whether the execution of the measure 
requires deliberate action (active) from the operator or not (passive). An illustrative 
example from ice hockey would be an athlete wearing a dental guard for protection 
although not required in the rules (active measure), and on the other hand, wearing 
a helmet because it is mandatory (passive measure). (Meeuwisse & Bahr, 2009) 
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2.2.3 Sports injury aetiology 

The aetiology of sports injuries is multifactorial. The first model of this 
multifactoriality was introduced by Willem H. Meeuwisse (1994). For a sports 
injury to occur there is a combination of intrinsic and extrinsic risk factors 
predisposing the athlete for an injury prior to a potential inciting event. The 
outcome after each event is either an injury or no injury depending on the 
combined effect of risk factors present and the injury mechanism. (Bahr & 
Krosshaug, 2005; Meeuwisse, 1994) Thus, there are two important concepts in 
understanding injuries, the risk factors for an injury and the injury mechanism at 
the event of an injury. These factors are dependent and should not be studied 
without accounting for the other at the same time. (Bahr & Krosshaug, 2005) 

The dynamic model of sports injury aetiology, published in 2007, addresses the 
cyclic nature of risk and causation in sports injury aetiology (Figure 3). (Meeuwisse 
et al., 2007) The risk factors are underlined to be nonconstant; during participation 
the athlete enters similar athletic events multiple times with a varying set of risk 
factors. The athlete survives most of these events without an injury and enters 
injury-free to another cycle of events with a new set of risk factors present. 
Occasionally the set of risk factors and the injury mechanism in a similar event 
result in an incident injury instead. The athlete then, after possible treatment and 
rehabilitation, enters a new cycle of events with a history of previous injury, and 
thus, susceptible for a recurrent injury. Sports participation is not only a measure of 
exposure to injuries in this model but alters the injury risk through training 
adaptation or maladaptation and by complete or incomplete injury recovery. 

Research on training and competition workloads associating to injuries 
necessitated a new model as the earlier models had not included workloads. In the 
newest model, Windt and Gabbett made this emphasis on the training workload as 
an explanatory variable in sports injury aetiology (Figure 3). (Windt & Gabbett, 
2017) Workloads contribute to injuries by exposure to both risk factors and 
inciting events. Workload develops either negative (fatigue) physiological effects 
predisposing the athlete to an injury or positive (fitness) physiological effects 
protecting from an injury. The concept of workload is an important distinction 
from exposure time or events, as exposure is seen only to increase the risk of 
suffering from an injury, while regular workload can have opposite effects. A 
proper ratio of training to rest and of moderate training to intensive training aims 
to optimise physiological adaptation and decrease injury risk. This model takes best 
into account overuse injuries and explains their aetiology as errors in training load; 
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the athlete becomes predisposed to injuries from both overload (when fatigue 
makes them susceptible to injuries) and underload (when underpreparedness for a 
spike in workload makes them susceptible to injuries) in training. 

Figure 3.  Dynamic multifactorial aetiology model for sports injuries. Adapted from Meeuwisse et al., 
2007, and Windt & Gabbett, 2017. 
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2.2.3.1 Sports injury mechanisms 

Injury mechanism is used to define what happens in the precise event of a sports 
injury. A comprehensive approach to sports injury mechanism introduced by Bahr 
& Krosshaug (2005) is multifactorial, like are the risk factors preceding the event, 
and follows standpoints from biomechanical and epidemiological perspectives. 

In biomechanical thinking, the mechanism is described as the fundamental 
physical process leading to a certain endpoint, in this case, injury. (Whiting & 
Zernicke, 1998) Biomechanically, the injury mechanism can be seen as an excess 
transfer of mechanical energy, or load, to tissue compared to the mechanical 
properties, or load tolerance, of the tissue. (McIntosh, 2005) Thus, by improving 
the load tolerance, e.g., strength and elasticity, of the tissue, one could in theory 
tolerate greater forces without suffering from an injury. An example of a 
biomechanical description of injury mechanism might be a player landing from a 
jump with their ankle in an inverted position causing a transverse force to the 
lateral ankle ligaments exceeding their load tolerance and resulting in a tear. 

From an epidemiological perspective, injury mechanism describes the 
circumstances in which the sports injury occurs. The inciting event consists of the 
sporting situation and athlete behaviour in it. In sports, it is usually appropriate to 
make difference between contact, indirect contact and noncontact situations in 
terms of injury mechanism. Other factors for injury mechanism are, for example, 
was the setting in a match or in training, was the player in possession of the ball, 
was the situation a goal scoring opportunity or was there foul play in the situation 
or not. 

In Bahr & Krosshaug’s (2005) comprehensive injury causation model, the injury 
mechanism in the inciting event is described in four levels: a) playing situation, b) 
player/opponent behaviour, c) gross biomechanical description (whole body level) 
and d) detailed biomechanical description (joint level). Traditionally, the 
biomechanical model is what has been considered as injury mechanism. However, 
for the purposes of injury prevention research, the epidemiological injury 
mechanism is often more relevant. 

2.2.3.2 Injury risk factors in youth football 

Sports injury risk factors are divided into intrinsic and extrinsic risk factors, and 
into modifiable and nonmodifiable risk factors. Intrinsic risk factors are inherent 
attributes of the individual, whereas extrinsic risk factors are independent of the 
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individual at risk. Extrinsic factors can be further divided into human factors, 
sports factors, environmental factors and equipment-related factors. Examples of 
each risk factor categories would be neuromuscular control (modifiable intrinsic), 
developmental age (nonmodifiable intrinsic), training workload (modifiable 
extrinsic) and competing athletes (nonmodifiable extrinsic). By definition, 
nonmodifiable risk factors cannot be influenced on, but they are important to 
identify in order to define high-risk populations, and to target injury preventive 
means to these populations specifically. (Emery, 2003) 

There are few studies comparing injury risk directly between sexes, and whether 
males or females suffer from more injuries is unclear. Earlier research in a 
multisport high school setting shows inconsistent results on the matter: some 
studies show males to be at a higher risk of injuries in youth sports (Knowles et al., 
2006; Sørensen, Larsen & Röck 1996), some state no difference between sexes 
(McGuine et al., 2017), and some have found females to be at a higher risk (Powell 
& Barber Foss, 2000). In the subanalysis of high school youth football players, 
Powell & Barber Foss (2000) found females to be at a higher risk of injuries 
compared to males. A later youth football study revealed no difference in the 
overall injury rate between sexes. (Yard et al., 2008) The injury profile between 
sexes seems to be different, but most research has been done in adults. Compared 
to men, women are at a higher risk of knee injuries, specifically the more severe 
ACL ruptures. (Montalvo et al., 2019; Waldén et al., 2011) This could be explained 
by sex-related differences in knee neuromuscular control. (Renström et al., 2008) 
Instead, men have been found to have a higher rate of hip/groin injuries and 
hamstring muscle injuries than women. (Cross et al., 2013; Waldén, Hägglund & 
Ekstrand, 2015) The results of one study comparing injury rates between sexes in 
high school youth football also showed that females suffered from more knee 
injuries and males had more hip injuries. (Yard et al., 2008) 

Age is a major risk factor for injuries, as injury rates increase with age (Bult, 
Barendrecht & Tak, 2018; Froholdt, Olsen, & Bahr, 2009; Rössler et al., 2016; 
Rössler et al., 2018b) Faude, Rössler & Junge (2013) summarised research until 
2013 in youth football and showed the injury rate to vary between 1–5 injuries per 
1000 hours of football training in youth aged 13–19 years. Later Rössler and 
coworkers (2016) observed 0.61 injuries per 1000 hours of training exposure in 7–
12-year-olds playing football. Most comparable are the results from a single study 
that involved groups of 6–12-year-old children and 13–19-year-old youth where 
the risk of an injury was found to be 70% higher in the older than younger age 
group (1.6 vs. 2.6 injuries per 1000 hours of football exposure). (Froholdt, Olsen & 
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Bahr, 2009) Inklaar and coworkers (1996) observed a steadily increasing overall 
injury rate between U14, U16 and U18 age groups. However, opposite results have 
also been published in female footballers showing higher injury rates in U14–U15 
age groups when compared to U16–U19 age groups. (Emery, Meeuwisse, & 
Hartmann, 2005; Le Gall, Carling, & Reilly, 2008) Brito and coworkers (2012) on 
their part did not observe an association between injury rate and age in U13–U19 
players. The severity of injuries also increases throughout adolescence. (Froholdt, 
Olsen & Bahr, 2009) 

Besides absolute age, biological maturation progressing differently between 
individuals is an important aspect in growing children’s team sports. However, 
maturation status has not been stated as a clear risk factor to either direction in 
youth football, but the patterns in injury types differ in relation to maturity status: 
more severe injuries and osteochondrosis injuries occurred in late maturers more 
frequently, while groin injuries, reinjuries and tendinopathies were more frequent in 
early maturers in U14 males. (Le Gall, Carling, & Reilly, 2007) Another study 
among 9–16-year-old males suggested that early maturers are at a higher risk of 
injuries, but the authors regarded the results as inconclusive. (Johnson, Doherty, & 
Freemont, 2009) From a different perspective, injury risk appears to be elevated 
near an adolescent’s peak height velocity in U11-U19 males. (Johnson et al., 2020, 
Kemper et al., 2015) One study reported an association between growth in leg 
length and overuse injury risk in children’s U10–U15 football during a one-season 
follow-up. (Rommers et al., 2019) 

Previous injury is a strong risk factor for not only injuries of the same injured 
site but also for any other new injury. Having one previous injury was associated 
with an over two-fold increase and having multiple previous injuries with a three-
fold increase in future injury risk in 9–18-year-old football players. (Kucera et al., 
2005). Emery and coworkers reported in two separate studies among 12–18-year-
old female football players that those who had sustained a LE injury the previous 
year had approximately a two-fold injury risk compared with those without a 
previous injury. (Emery & Meeuwisse, 2010; Emery, Meeuwisse, & Hartmann, 
2005) In a relatively small study sample of 61 U14–U18 players, previous hip or 
back injury was the strongest predictor of future musculoskeletal football injury. 
(Sugimoto et al., 2020) In adult elite football, a previous injury has also been shown 
to be a major risk factor for future injuries (Arnason et al., 2004; Ekstrand & 
Gillquist, 1983; Hägglund, Waldén, & Ekstrand, 2006) 

The rate of recurrent injuries has varied between studies. Le Gall and coworkers 
(2008) reported 4% of all injuries to be reinjuries in 15–19-year-old female 
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footballers, and in a study of high school football players, 9.4% of all injuries were 
reinjuries. (Powell & Barber Foss, 2000) Higher rates of recurrent injuries were 
observed in Norwegian U17 female football players (19% of all injuries) and in 
Swedish 13–16-year-old male football players (18%). (Steffen, Andersen, & Bahr, 
2007; Timpka, Risto & Björmsjö, 2008) A pooled analysis of ankle sprain injuries 
in four studies in youth football and one in basketball revealed a two-fold risk of a 
recurrent injury, whereas a previous any LE injury did not predict an ankle sprain 
injury. (Owoeye, Palacios-Derflingher, & Emery, 2018b) The risk of recurring 
overuse LE injuries has also been shown to be higher than that of first-time 
overuse LE injuries. (O’Kane et al., 2017) 

Poor neuromuscular control is a risk factor for injuries in youth football. (Read 
et al., 2016) For overuse knee injuries, increased valgus motion was found to be 
associated with an over three-fold indirect risk of knee injuries in 12–15-year-old 
females playing football. (O’Kane et al., 2017) Increased hamstring, quadriceps and 
hip flexor muscle strength were associated with a lower risk of overuse knee 
injuries in the same study. 

Playing surface is a significant environmental factor to be taken into account 
when preventing football injuries in Finland, where playing in natural grass is not 
possible all year round. Whether the type of playing surface poses a risk of injuries 
is contradictory thus far. Rössler and coworkers (2018b) found an artificial turf to 
be a major risk factor of injuries with a 39% higher risk when compared to natural 
grass as a playing surface in 7–12-year-old football players followed for two 
seasons. Opposite results were found by O’Kane and coworkers (2016) who 
reported an almost three-fold increase in injury risk in training sessions conducted 
in natural grass compared with artificial turf. In other earlier studies, no differences 
in injury rates have been reported between artificial turf and natural grass in 13–19-
year-old players in either tournament setting or during a season-long follow-up in 
U17 females. (Soligard, Bahr, & Andersen, 2012; Steffen et al., 2007) One study in 
12–17-year-olds found no difference in the overall injury rate between artificial turf 
and natural grass, but a 62% increase in chronic low back pain complaints was seen 
in players training on artificial turf. (Aoki et al., 2010) Two studies have compared 
indoors training to outdoors training in relation to injury risk. (Emery & 
Meeuwisse, 2006a; Rössler, R. et al., 2018b) The risk of injuries in indoors training 
sessions were found to be lower when compared to outdoors training in 7–12-year-
old children (Rössler et al., 2018b) but not in 13–17-year-olds (Emery & 
Meeuwisse, 2006a). In a subanalysis of the most elite division in the study of 13–
17-year-old players, injury risk was lower indoors. In assessing the injury risk, it 
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should be taken into account that the type of training conducted indoors may be 
different from that of the outdoors training. 

Early sports specialisation and the transfer of physical activity from 
nonorganised leisure time activities to organised sports environment is a growing 
trend in children. (Kokko & Martin, 2019) Early sports specialisation is 
hypothesised to be associated with a high training load and thus increased risk of 
overuse injuries. (DiFiori et al., 2014) Later, early sports specialisation has been 
identified as a risk factor for overuse injuries in a meta-analysis of four studies in 
youth sports (Bell, et al., 2018) All studies included football players. The only 
prospective study found sports specialisation to be associated with an increase in 
the risk of overuse but not acute LE injuries in a high school population. 
(McGuine et al., 2017) However, a retrospective survey in a youth football 
academy found sports specialisation into football not to be associated with 
previous injuries. (Frome et al., 2019) 

The higher level of play in youth football may contribute to a higher risk of an 
injury. Emery and coworkers (2005) showed the injury rates to be higher in the 
elite divisions in U14 but not in U16 or U18 age groups in youth football. Inklaar 
and coworkers (1996) observed a greater injury risk in a higher level of play in U14 
and U18 but not in U16 age group. On the opposite, the results of a study by 
Peterson and coworkers (2000) suggest that injury rate could be higher in a lower 
level of play compared to a higher level, although the difference was not tested 
statistically. On the individual level, more skilled female players were observed to 
be at a higher risk of injuries than less skilled players in the same leagues. (Soligard 
et al., 2010a) 

2.2.4 Sports injury prevention strategies 

Sports injury prevention strategies are below divided into training interventions, 
rules and policy changes, and use of injury preventive equipment. Understanding 
injury mechanism and risk factors helps suggest that training interventions would 
prevent noncontact and overuse injuries, whereas rules and policy changes aim to 
reduce contact injuries. The effect of injury preventive equipment would most 
likely be useful in the reduction of injury severity. In youth football, the injury 
prevention research has mainly focused on NMT. 
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2.2.4.1 Neuromuscular training interventions in youth football 

NMT can be defined as multifaceted exercises combining strength, balance and 
agility with emphasis on movement quality and control in the joint and whole body 
levels instead of maximal effort within exercises. NMT is usually included in warm-
up routines and is advised to be conducted 2–3 times a week before sports-specific 
training. The routines are usually 15–20 minutes in duration and thus are quite 
effortless for the coach to take in use and replace a part of their usual warm-up 
(e.g., jogging and stretching) in everyday practice. 

There is solid evidence on the effectiveness of NMT interventions across team 
sports both in adults and youth. (Olsen et al., 2003; Pasanen et al., 2008; Soligard et 
al., 2008; Waldén et al., 2012) Emery and coworkers (2015) conducted a systematic 
review and a meta-analysis of NMT RCT studies in youth sports until 2014. They 
concluded that the pooled estimate of the effectiveness of NMT programmes was 
a 36% reduced overall LE injury risk in youth team sports. In knee injuries, a 
statistically nonsignificant risk reduction of 26% was shown in the pooled analysis. 
Four out of eight studies in the meta-analysis included football as the sport of 
interest. Another meta-analysis of 11 studies in female football players (mostly 
youth) concluded that multicomponent NMT programmes reduced overall injuries 
by 27% and ACL injuries by 45%. (Crossley et al., 2020) 

In youth football, several RCT’s on the effectiveness of NMT warm-up in 
injury prevention have been conducted (Table 2). Two studies have examined 
children under 13 years, the other focusing on only males and the other including 
only a small number of females (4%). These studies showed clear risk reductions of 
48% and 50% in overall LE injury risk in a group performing NMT warm-up. 
(Rössler et al., 2018a; Zarei et al., 2020) A similar risk reduction was found also 
when analysing only severe injuries from the study population of Rössler’s group 
(2018a). (Beaudouin et al., 2019) In older youth players from U13–U18 teams, 
Emery & Meeuwisse (2010) conducted a RCT among both sexes and showed a risk 
reduction of 38% in all injuries, but the result in LE injuries was a nonsignificant 
reduction of 32%. This study was later included in a pooled analysis investigating 
the prevention of ankle injuries with NMT in youth football and basketball players, 
where there was a reduction of 32% in ankle sprain injuries. (Owoeye, Palacios-
Derflingher, & Emery, 2018b) Other studies in adolescents aged 13–19 years have 
set females under investigation. Steffen and coworkers (2013a; 2013b) compared 
the effect of different delivery methods (physiotherapist-led intervention, coach-led 
intervention, online material provided intervention) of the same NMT warm-up 
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programme to the injury risk in a RCT on 13–18-year-old females, and found no 
differences in the injury risk of neither all injuries nor LE injuries. Earlier in 
another Steffen’s group’s (2008) study, a NMT warm-up progamme showed no 
difference at all between intervention and control groups, but the authors 
concluded this to be due to poor adherence to the intervention from the 
participants. In 13–17-year-old females, a NMT warm-up decreased overall injuries 
by 32% compared to the control group, but for the primary outcome of LE 
injuries the result was a nonsignificant reduction of 29%. (Soligard et al., 2008) A 
study examining ACL injuries in 12–17-year-old players found a 64% decrease in 
the rate of ACL injuries in the intervention group conducting NMT warm-up 
compared to a control group continuing their regular warm-up routines. They also 
concluded that 14 players would be needed to receive the intervention to prevent 
one ACL injury during a season, although this result in the absolute reduction was 
statistically nonsignificant. (Waldén et al., 2012) 

Table 2.  Randomised controlled trials assessing the efficacy of neuromuscular training warm-
up programmes in injury prevention in youth football. 

Study Study population  Relative risk reduction (95% CI) 
 Age Sex  Overall injuries LE injuries 
Rössler et al., 2018a 7 to 12 both  48% HR 0.52 (0.32 to 0.86) 55% HR 0.45 (0.24 to 0.84) 
Zarei et al., 2020 7 to 14 males  50% RR 0.50 (0.32 to 0.78) 55% RR 0.45 (0.28 to 0.72) 
Emery et al., 2010 13 to 18 both  38% IRR 0.62 (0.39 to 0.99) 32% IRR 0.68 (0.42 to 1.11) 
Steffen et al., 2008 13 to 17 females  0% RR 1.00 (0.80 to 1.20) 0% RR 1.00 (0.80 to 1.30) 
Soligard et al., 2008 13 to 17 females  32% RR 0.68 (0.48 to 0.98) 29% RR 0.71 (0.49 to 1.03) 

ACL Injuries 
Waldén et al., 2012 12 to 17 females  64% RR  0.36 (0.15 to 0.85)   

The values are age range in years and relative injury risk reductions in percentages and their 
corresponding hazard ratios, rate ratios or injury rate ratios (95% CI) in an intervention group 
compared to a control group. 
Abbreviations: CI = Confidence Interval; LE = Lower Extremity; HR = Hazard Ratio; RR = Rate 
Ratio; IRR = Injury Rate Ratio; ACL = Anterior Cruciate Ligament. 
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NMT programmes have also been studied in a school context, where the study 
population is more variable than a cohort of athletes (Table 3). Collard and 
coworkers. (2010) introduced an injury prevention awareness and educative 
programme to 10-12-year-old children and their parents and included five minutes 
of NMT exercises before and after physical education classes in school. The 
intervention was not found to prevent injuries compared to controls. In 
subanalyses, however, the rate of injuries occurring in sports clubs decreased by 
77% in the intervention group compared to the control group among children who 
had low levels of physical activity. Richmond and coworkers (2016) implemented a 
NMT warm-up before physical education classes to 11–15-year-old youth and 
reported reductions in the overall injury, LE injury, knee sprain injury and ankle 
sprain injury rates. The effect was substantial as the overall injury rate decreased by 
70% in the intervention group compared to the control group. Emery and 
coworkers (2020) conducted a similar RCT in Canadian 11-16-year-old youth, and 
their results showed that the NMT programme reduced the risk of all injuries by 
46% in females but not in males. They did not report the results in both sexes 
combined.  

The values are age range in years and relative injury risk reductions in percentages and their 
corresponding injury rate ratios or hazard ratios (95% CI) in an intervention group compared to a 
control group. 
Abbreviations: CI = Confidence Interval; IRR = Injury Rate Ratio; HR = Hazard Ratio. 
  

Table 3.  Randomised controlled trials assessing neuromuscular training programmes in injury 
prevention in school physical education classes. 

Study Intervention Study Population Relative Risk Reduction (95% CI)  
  Age Sex   

Emery 
et al., 2020 

15-minute 
warm-up 

11 to 16 females 46% IRR 0.54 (0.30 to 1.00) 
males 13% IRR 0.87 (0.43 to 1.77) 

Richmond 
et al., 2016 

15-minute 
warm-up 

11 to 15 both 70% IRR 0.30 (0.19 to 0.49) 
    

Collard 
et al., 2010 

5-minute 
warm-up and 

cool-down 

10 to 12 both 19% HR 0.81 (0.41 to 1.59) Overall injuries 
77% HR 0.23 (0.07 to 0.75) Sports club 
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Barber Foss and coworkers (2018) implemented a NMT programme to middle and 
high school female volleyball, basketball, and football athletes and found it to be 
effective in reducing overall injury rate when compared to an elastic band 
resistance running intervention. They reported an absolute risk reduction of 3.20 
injuries per 1000 athlete-exposures. The injury preventive effect was not seen in 
the subanalysis of football players, partly due to limited statistical power. 

Only few studies have reported the effect of NMT interventions on overuse 
injuries specifically. The following studies have used time-loss and/or medical 
attention definitions for injuries. Rössler and coworkers (2018a) reported small 
numbers of overuse injuries of 24 in the control group and four in the intervention 
group in a large cohort of almost 4000 participants. The statistically nonsignificant 
risk reduction in favour of the intervention group (hazard ratio 0.12, 95% CI 0.01 
to 1.13) should be interpreted with caution because of limited statistical power. In 
female youth football players, Soligard and coworkers (2008) reported a risk 
reduction of 53% in the overuse injury rate between the intervention group and the 
control group, whereas Steffen and coworkers (2008) found no difference between 
the groups. Also, a study in high school basketball and football players reported a 
65% decreased injury rate in gradual-onset LE injuries. (LaBella et al., 2011)  

2.2.4.2 Other training interventions 

While NMT has got most of the attention in recent injury prevention research, 
some other training interventions have been also studied. Heidt and coworkers 
(2000) studied the effects of a comprehensive pre-season conditioning intervention 
on injuries over a competition season in females aged 14–18 years playing football. 
They reported that fewer players suffered from injuries in the intervention group 
(14%) than in the control group (34%). In a U14 male youth football study, the 
rate of injuries was reduced with a weekly strength training intervention in 
comparison to a control group. (Zouita et al., 2016) Junge and coworkers (2002) 
conducted a RCT with a multicomponent approach to prevent injuries in 14–19-
year-old male youth football players. The intervention included NMT but also 
education on regular warm-up and cool-down, taping of unstable ankles, adequate 
rehabilitation training and the promotion of fair play and sportsmanship during 
play. This intervention resulted in a 21% reduction in the injury rate in the 
intervention group compared to the control group. In 13–19-year-old female youth 
football, a similar multicomponent injury prevention strategy including NMT 
warm-up, strength exercises and injury awareness education reduced the rate of 
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acute knee injuries by 77% and noncontact knee inuries by 90% in comparison to 
the control group. (Kiani et al., 2010) Emery and coworkers (2005) investigated a 
single-exercise approach with a balance-board training intervention in multisport 
high school students including football players also. They reported that the odds 
for an injury was 85% lower in the intervention group compared to the control 
group.  

2.2.4.3 Other strategies 

Sports rules can be modified to decrease the number or energy of risky events for 
potential injuries, such as high-impact collisions between athletes. In Canadian 
youth ice hockey, forbidding body checking has proven effective in reducing 
overall injury rates. (Emery et al., 2010, Black et al., 2017; Emery et al., 2020) 
Similar results have been achieved in adult football, where a stricter policy in 
penalising foul play with red cards reduced the number of arm-to-head contact 
incidents (Bjørneboe et al., 2013) and head injuries. (Dvorak et al., 2007) Evidence 
on the effect of modifying sports rules in youth football is scarce, but a recent RCT 
in U10–U11 youth football players compared the impact of three referees instead 
of one during matches on injuries and observed fewer numbers of foul play but no 
effect on injury rates. (Schwebel, Long, & McClure, 2020) Another study among 
high school football evaluated the introduction of a stricter yellow card policy, 
where the accumulation of yellow cards during competitive season lead to a 
suspension from a match. They found this policy change having no impact on the 
rate of contact injuries. (Kriz et al., 2020) In addition to direct rule changes, the 
promotion of fair play and respect for opponent players in youth team sports is 
acknowledged as an important potential injury preventive factor. (Harmon et al., 
2013) A review of research conducted in youth ice hockey showed positive effects 
of the implementation of fair play campaigns. (Cusimano, Nastis & Zuccaro, 2013) 
A similar approach of promoting fair play would be wise to be translated and 
tested also in other youth team sports. 

In football, shin guards are the only mandatory protective equipment. A 25-year 
retrospective study using emergency department registry data around the time of 
introduction of mandatory shin guards to amateur football in the Netherlands 
found shin guards effective in reducing lower leg injury rate by 20–25%. (Vriend et 
al., 2014) Recently, a pilot RCT examining the use of a lighter football in youth 
female football has been published. (Zebis et al., 2018) The small study estimated a 
statistically nonsignificant 22% greater injury rate in the group playing with the 
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international standard ball compared to the group playing with a lighter ball. Also, 
the use of soft helmets has gained small ground among goalkeepers internationally, 
but their impact on head injuries remains unclear. A RCT among high school 
football players investigated the use of soft helmets in all players during match-play 
and found no differences in sports-related concussion rate or severity. (McGuine et 
al., 2020) 

Ankle sprains are the most prevalent injury type in football, and supporting the 
ankle joint with taping or bracing has been hypothesised to prevent those injuries. 
The efficacy of ankle taping or bracing has not been studied in youth football, but 
instead, research has focused on adults. Dizon & Reyes (2010) conducted a 
systematic review on ankle taping and bracing across different sports. They 
concluded that ankle taping, by 71%, and bracing, by 69%, markedly reduces the 
risk of re-injuries in previously injured athletes. It should be noted that only three 
of the six studies included in the review were conducted after year 1994. One of 
the studies was conducted in football and found a statistically nonsignificant 
reduction in injury risk using ankle bracing in men who had a history of ankle 
injury (relative risk 0.25, 95% CI 0.03-1.25). (Mohammadi, 2007) One RCT 
compared ankle bracing versus NMT in men and women who had a history of 
ankle sprain injury and found bracing to prevent recurrent ankle sprain injuries 
more effectively than NMT. (Janssen et al., 2014) It could be concluded that ankle 
taping and bracing can reduce the risk of re-injuries, but their preventive effect on 
new injuries is debatable. In adult male football players, the number of players 
needed to prevent one ankle sprain per season with bracing was five in those 
players with a previous ankle injury and 57 in those without a prior injury. 
(Olmsted et al., 2004) 

2.2.5 Adherence to neuromuscular training warm-up programmes 

Adherence to the provided injury preventive measure and its efficacy together 
determine the effectiveness of the measure. Thus, adherence is a valuable 
individual outcome measure in injury prevention research. (Verhagen et al., 2011; 
Finch & Donaldson, 2010) A related term, compliance, is seen as a more medical-
centered model of behaviour, where the subject is positioned passively to obey the 
health care provider’s orders, while the alternative term adherence implies that the 
subject has more autonomy in their actions. (Lutfey & Wishner, 1999) In sports 
injury research, there is an argument to associate compliance with a controlled 
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environment, e.g., how well do study participants comply with what they are told 
to do in the study protocol, whereas adherence could be associated with a real-life 
context, e.g., how well are implemented recommendations from health care 
providers followed outside a controlled setting. (McKay et al., 2016) In this 
dissertation, the term adherence is used instead of compliance to underline the 
required active change in behaviour and the autonomy of the participants. 
(Verhagen et al., 2011) In this regard, the effect of adherence (or arguably, 
compliance) to the effectiveness of an intervention has been studied in RCT 
settings mostly by dividing the intervention group into tertiles of adherence (low; 
medium; high) according to the execution of the intervention protocol. Whether 
adherence in sports injury research is accounted for in player-, team- or other 
levels, should be considered along with the consideration of who is the primary 
determinant of the intervention adherence, or in other words, who is the deliverer 
of the intervention. In team training interventions, the team-level would be the 
most suitable measure of adherence, while focusing on player-level adherence in 
those circumstances might overestimate the injury preventive effect of the 
intervention; time-loss injuries lead to cessation of sports participation for the 
individual, which may further be reflected in a decreased individual adherence to 
intervention training as well. Thus, individuals who have not suffered from injuries, 
are more likely to conduct more training sessions and to have higher adherence 
than their injured counterparts. 

The mean adherence rates in youth football NMT warm-up RCTs have varied 
between one and two team sessions a week (Table 4). Two weekly NMT warm-up 
sessions has been proposed as the threshold value for sufficient injury prevention 
effect in youth football. (Bizzini et al., 2015) All youth football NMT warm-up 
RCTs reporting adherence presented in Table 4 support this conclusion. Three of 
these RCTs have studied the effect of adherence in 12–18-year-old female football 
players. Hägglund and coworkers (2013) found that players in the high intervention 
adherence tertile were at an 88% lower risk of an ACL injury than the control 
group, while no difference was found between low adherence tertile and the 
control group. In the two other studies, the high player adherence group was 
reported to have lower injury risk when compared to medium player adherence 
group but not when compared to the low player adherence group. (Soligard et al., 
2010; Steffen et al., 2013b) These studies discussed that the surprising result was 
partly explained by the low total exposure hours in the low adherence group. Two 
RCTs examining children aged 7–14 years show a clear dose-response relationship 
in the number of weekly NMT warm-up sessions and the injury preventive effect 
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(Rössler et al., 2018a; Zarei et al., 2020). Rössler and coworkers (2018a) reported 
high adherent players to be at 50% and 56% lower risks of overall injuries when 
compared to low adherent players or the control group, respectively. The 
respective risk reductions in a study by Zarei and coworkers (2020) were 61% and 
72%. 

Table 4.  Adherence to neuromuscular training warm-up in randomised controlled trials of 
youth football. 

 Study population Team weekly 
sessions 

Player weekly 
sessions 

Beneficial adherence 
effect on injury 

prevention Age Sex 
Hägglund et al., 2013 12 to 17 female 1.4 1 Yes 
Rössler et al., 2018a 7 to 12 both - 0.9a Yes 
Steffen et al., 2013b 13 to 18 female 2.2 1.8 Yes 
Soligard et al., 2010b 13 to 17 female 1.3 0.8 Yes 
Zarei et al., 2020 7 to 14 male 1.9a - Yes 
The values are age range in years and the mean number of weekly neuromuscular training warm-up 
sessions conducted by teams or individual players in an intervention group. 
amean of the intervention group’s middle adherence tertile. 

2.3 Injuries in youth football 

Many epidemiological studies have investigated injuries in U13–U19 youth football, 
but studies in children under 13 years are fewer. Relevant epidemiological studies 
in youth football have been drawn together in systematic reviews in 2005 and in 
2013. (Faude, Rössler & Junge, 2013; Giza & Micheli, 2005) A systematic review 
and meta-analysis of epidemiological studies focusing on injuries in studies among 
male elite youth football players, and a systematic review of epidemiological studies 
comparing male elite youth and adult football injuries have also been published. 
(Jones et al., 2019; Pfirrmann et al., 2016) 

2.3.1 Injury rates and severity 

The injury rate per 1000 hours of exposure to football in a systematic review of 
U13–U19 youth football studies ranged mainly between one and five in training 
and between 15 and 20 in match-play. (Faude, Rössler & Junge, 2013) The ratio of 
match injuries to training injuries are in the magnitude of 3–6:1 in most studies. 
(Faude, Rössler & Junge, 2013) Similar rates have been observed in relevant studies 
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published after 2013. (Bianco et al., 2016; Cezarino, Gruninger & Silva, 2020; 
Nilsson, Östenberg & Alricsson, 2016; Nogueira et al., 2017) In a younger age 
group of 7–14-year-olds, the injury rate per 1000 hours of football playing 
exposure has varied between 0.6 and 1.2 in training and between 4.6 and 10.0 in 
match-play corresponding to a match:training injury ratio of 7–8:1. (Rössler et al., 
2016; Zarei et al., 2020). The injury rates in professional youth academies seem not 
to differ from those of overall youth football (Bianco et al., 2016; Cezarino, 
Gruninger & Silva, 2020; Nilsson, Östenberg & Alricsson, 2016; Wik et al., 2021), 
although one study reported a very high match injury rate of up to 80 per 1000 
hours of match-play. (Renshaw & Goodwin, 2016). It is noteworthy, however, that 
many studies published do not report injury rates per 1000 hours of football 
exposure but use a seasonal rate or an athlete-exposure rate. (Hall et al., 2020; 
Materne et al., 2020; Price et al., 2004; Radelet et al., 2002; Read et al., 2018) 
Moreover, comparison between studies must be done carefully due to inconsistent 
data collection and injury definition methods.  

Injuries in children’s football are mostly mild in severity and less frequent when 
compared to adults’ injuries. (Froholdt, Olsen & Bahr, 2009) About half of all 
injuries result in less than one week time-loss from football, and 10–24% of the 
injuries are severe causing an over four weeks absence from football. (Faude, 
Rössler & Junge, 2013; Rössler et al., 2016) However, the injuries in professional 
youth academies seem to be more severe resulting most often in time-losses of 
more than seven days. (Bianco et al., 2016; Cezarino, Gruninger & Silva, 2020; Hall 
et al., 2020; Nilsson, Östenberg & Alricsson, 2016; Renshaw & Goodwin, 2016; 
Wik et al., 2021) The rate and severity of injuries increases throughout adolescence. 
(Adams & Schiff, 2006; Bult, Barendrecht & Tak, 2018; Faude, Rössler & Junge, 
2013; Jones et al., 2019; Materne et al., 2020; Rössler et al., 2016; Wik et al., 2021) 
Most comparable are the results from a single study that observed 1.6 injuries per 
1000 hours of football playing exposure in 6–12-year-old children and 2.6 in 13–
19-year-old youth. (Froholdt, Olsen & Bahr, 2009) 

2.3.2 Injury locations and circumstances 

The majority of injuries (over 80%) in youth football affect the lower extremities. 
The ankle, knee and thigh are the most often affected injury sites. (Emery & 
Meeuwisse, 2006a; Emery, Meeuwisse, & Hartmann, 2005; Hall et al., 2020; 
Kakavelakis et al., 2003; Le Gall 2007, Materne et al., 2020; Powell & Barber Foss 
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2000; Rössler et al., 2016). The injuries are most commonly classified as strains, 
sprains and contusions. (Faude, Rössler & Junge, 2013) Fractures, presenting with 
a median of 5% of all injuries, are less common, but more frequent in children 
under 15 years than in older players. (Faude, Rössler & Junge, 2013) The single 
most prevalent injury in youth football is an ankle sprain. (Owoeye, Palacios-
Derflingher, & Emery, 2018b) By mechanism, contact accounts for 40–63% of 
football injuries in youth and children. (Emery, Meeuwisse & Hartmann, 2005; 
Junge et al., 2004; Kakavelakis et al., 2003; Rössler et al., 2016; Steffen et al., 2007, 
Wik et al., 2021) The rest are noncontact and/or overuse injuries depending on 
study. 

Head and face injuries account for 3.5–5% of all youth football injuries. (Faude, 
Rössler & Junge, 2013; Faude et al., 2017) Beaudouin and coworkers (2020) 
reported the rate of head-injuries as 0.70 per 1000 hours of football match 
exposure. In this study, all injuries occurred in matches, and none of the injuries 
occurred while heading the ball. 

2.3.3 Overuse injuries 

There is marked discrepancy in the definition and tracking of overuse injuries 
between studies, and comparison of the results should be made with caution. At 
present, self-report questionnaires are the golden standard in tracking overuse 
injuries (Bahr et al., 2020), and only one study has used this method in children’s 
football (Leppänen et al., 2019). This study found the weekly prevalence of self-
reported all overuse injuries to be 12.8% and substantial overuse injuries to be 
6.0% in 9–14-year-old football players. The respective weekly prevalences of self-
reported all overuse injuries in a small sample of 23 female football players, aged 
on average 17 years, were 10.1% and 4.9%. (Richardson et al., 2017) Other earlier 
studies in youth football have used time-loss and/or the need for medical attention 
to define injuries. Faude, Rössler & Junge (2013) reviewed that 10–40% of injuries 
in 6–19-year-olds in both sexes are reported as overuse injuries with most studies 
in the range of 10–25%. (Emery, Meeuwisse & Hartmann, 2005; Froholdt, Olsen 
& Bahr, 2009; Junge et al., 2004; Kakavelakis et al., 2003; Le Gall et al., 2006; Le 
Gall et al., 2008 Soligard et al., 2008; Steffen et al., 2007). Only one of these studies 
included players aged less than 12-years and reported 18% of all injuries to result 
from overuse in 6–12-year-olds. (Froholdt, Olsen & Bahr, 2009) The findings of 
later studies not included in the above-mentioned review have been consistent with 
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the earlier results. Rössler and coworkers (2016) reported 17% of all injuries to be 
overuse or growth-related injuries in 7–12-year-olds. 

In elite male youth academies among athletes aged 9–19 years, the proportion 
of overuse injuries have been reported to vary between 5% and 25%. (Materne et 
al., 2020; Wik et al., 2021) Growth-related injuries were observed to be the most 
prevalent injuries in U9–U13 and the second most prevalent injuries in U9–U19 
elite youth football academies. (Hall et al., 2020; Materne et al., 2020) 

One study investigated chronic pain complaints in 12–17-year-old youth 
football players and reported the most prevalent complaint to be low back pain. 
Interestingly, the prevalence was much more higher in players mainly training on 
artificial turf compared with those training on natural grass. Overall, half of the 
study population suffered from any chronic pain symptom during one year of 
follow-up. (Aoki et al., 2010) 

2.3.4 Football injuries treated in emergency departments 

Football injuries presenting at emergency departments have been studied in the 
United States and Canada. These injuries often represent the tip of the iceberg of 
all injuries with regard to injury severity. Injuries requiring medical consultation in 
general have been reported to represent from 28 to 52% of all injuries. 
(Kakavelakis et al., 2003; Rössler et al., 2016; Smith, Chounthirath, & Xiang, 2016; 
Timpka, Risto & Björmsjö, 2008) Of the injuries leading to an emergency 
department visit, only 43–48% have been found to affect the lower extremities. 
(Adams & Schiff, 2006; Giannotti et al., 2011; Leininger, Knox, & Comstock, 
2007) Upper extremity injuries, with a prevalence of 26–39%, and fractures, with a 
prevalence of 23–31%, are overrepresented in the emergency departments in 
contrast to all football injuries. (Adams & Schiff, 2006; Faude, Rössler & Junge, 
2013; Giannotti et al., 2011; Leininger, Knox, & Comstock, 2007) Sprains and 
strains have been observed to be the most common injury type overall at the 
emergency departments. (Adams & Schiff, 2006; Giannotti et al., 2011; Leininger, 
Knox, & Comstock, 2007) Alarmingly, football-related injuries treated at 
emergency departments have more than doubled over the past decades. (Smith, 
Chounthirath, & Xiang 2016) 
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2.3.5 Tournament injuries 

Tournament-play where a number of matches are played within a short interval 
(e.g., over the weekend) is characteristic for youth football. Playing in tournaments 
seem to contain a similar injury risk to regular match-play. A large study in 45 000 
players reported the injury rate of 16 per 1000 football exposure hours in 11–15-
year-olds and 14 per 1000 hours in 16–19-year-olds in football tournaments. 
(Kolstrup et al., 2016) Another study reported a rate of 7 injuries per 1000 hours in 
9–18-year-olds in a two-day football tournament. (Rosenbaum et al., 2009) Elias 
and coworkers (2001) reported a decline in injury rate from 20 to 10 injuries per 
1000 hours of playing football among 9–18-year-olds in the same tournament over 
10 consecutive years. An earlier study among 9–19-year-olds reported a rate of 9 
injuries per 1000 hours of play during a football tournament, (Schmidt-Olsen et al., 
1985) The above-mentioned studies have used the ‘medical attention’ injury 
definition. Two studies using the ‘any complaint’ injury definition found higher 
tournament-play injury rates of 34–40 per 1000 hours among 13–19-year-olds and 
116 per 1000 hours in U13–U16 female players. (Soligard et al., 2012; Lislevand et 
al., 2014) A great majority (90–95%) of tournament-play injuries are traumatic. 
(Lislevand et al., 2014; Rosenbaum et al., 2009; Schmidt-Olsen et al., 1985). The 
competitive nature of tournament matches may contribute to this. Exertion seems 
to be a risk factor in tournaments, as injury rates were found to increase 
considerably from day one to day four in the latest and largest study by Kolstrup 
and coworkers (2016), although Rosenbaum and coworkers (2009) reported similar 
injury rates between tournament days 1 and 2. 
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3 AIMS OF THE STUDY 

The purpose of this dissertation was to investigate the epidemiology and 
prevention of LE injuries in children’s football. The general aim was to investigate 
whether LE injuries can be prevented with NMT warm-up in this population. The 
specific aims of this dissertation are as follows: 

1. To investigate rates and characteristics of acute injuries in children’s 
U11–U14 football. (Study I) 

2. To examine whether a neuromuscular training warm-up is effective in 
preventing acute LE injuries in children’s U11–U14 football. (Study II) 

3. To examine whether a neuromuscular training warm-up is effective in 
preventing overuse LE injuries in children’s U11–U14 football. (Study III) 

4. To evaluate children’s football teams’ adherence to a neuromuscular 
training warm-up programme. (Study IV) 

5. To explore whether high adherence to a neuromuscular training warm-
up reduces the risk of LE injuries in children’s football. (Study IV) 

6. To assess the use of injury prevention exercises in the control group. 
(Study II & III) 

7. To describe intervention team coaches’ attitudes towards a 
neuromuscular training warm-up programme and maintenance of a 
neuromuscular training warm-up programme after the intervention season. 
(Study IV) 
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4 METHODS 

The dissertation is based on four independent peer-reviewed research articles 
prepared from data of a cluster-randomised controlled trial conducted in 2014-
2015 (ISRCTN14046021). The trial protocol was approved by the Ethics 
Committee of Pirkanmaa Hospital District (ETL-code R13110). The first part 
examines the rate and characteristics of acute injuries in the control arm of the 
RCT. The second and third parts are analyses of acute (II) and overuse (III) LE 
injuries between an intervention group conducting NMT warm-up and a control 
group. The fourth part focuses on the adherence to the studied NMT warm-up 
programme, and the impact of adherence to the risk of LE injuries. The trial 
structure and the research questions are presented in Figure 4. 

Figure 4.  Trial structure and research questions. 
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4.1 Study design and participants 

The dissertation study design was a two-armed cluster-randomised controlled trial. 
The study I was a prospective surveillance study conducted with the control arm of 
the trial. Studies II and III are primary analyses of the RCT and the study IV is a 
secondary analysis of adherence data from the RCT. 

The participants were recruited from the Finnish national player development 
monitoring system called Sami Hyypiä Academy. The system includes 9–14-year-
old males and females to participate yearly in two monitoring events held at the 
Eerikkilä Sports Institute, Tammela, Finland. All 20 football clubs attending Sami 
Hyypiä Academy, including 92 teams and 1643 players, were invited to participate 
in the RCT, and all teams agreed. Every player who was an official member of the 
participating team were eligible to enter the study. An informed consent of each 
player’s guardian was required for final participation in the study. Altogether 219 
players declined to enter the study, and 15 players stopped playing in the 
participating teams between recruitment and start of follow-up. In studies III and 
IV, players were not excluded based on baseline injury status, which resulted in 
1409 players included. In study I, only 730 players randomly allocated to the 
control arm and without major baseline injuries were included. In study II, six 
players with a major injury at baseline were excluded, which resulted in 1403 
players included. 

In study IV, the intervention group was allocated into groups of adherence 
(high, medium, low) at the team and individual levels. Team adherence groups were 
stratified according to the researchers’ clinical judgement examining the number of 
weekly NMT sessions. This resulted in cut-offs of low (under 25 NMT warm-ups), 
medium (25 to 35) and high (over 35) adherence. Additional efficacy analysis was 
conducted for the seven teams that adhered ideally to the intervention (at least 40 
NMT warm-ups and no more than two single-week breaks during the 20-week 
follow-up period). The individual level adherence was determined by stratifying the 
participants into tertiles of adherence according to completed NMT warm-up 
sessions during follow-up. 

4.2 Data collection 

The players completed baseline questionnaires and measurements (height and 
weight) in the Sami Hyypiä Academy monitoring events during fall 2014. The 
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questionnaire included questions about age, sex, starting age of football, and 
previous and current injuries. 

Exposure hours to football were recorded separately for training and matches. 
The players were asked to keep track of their weekly exposure hours and submit 
their answers once a month in the Sami Hyypiä Academy online training diary. The 
reports were incomplete, and team-based exposure data was used instead of 
individual level exposure data for both training and matches. Team mean training 
hours were used for all players within the team. Match exposure was derived for 
entire teams from the number of matches, standard match durations and number 
of players on field for each age group. (Fuller et al., 2006) Team-based match 
exposure hours was applied equally for all players within the team. 

Injury data were collected via weekly text messages to the players’ guardians 
inquiring: “Has your child had any musculoskeletal complaint or injuries during the 
previous seven days (yes/no)?” Following each new injury, a study physiotherapist 
interviewed the injured player or their guardian over the phone using a structured 
questionnaire. For overuse injuries (studies III and IV), the Oslo Sports Trauma 
Research Center Overuse (OSTRC-O) self-report symptom questionnaire was 
used. Four blinded physiotherapists were responsible for the injury data collection. 

A questionnaire survey was conducted after the follow-up for both intervention 
and control team coaches. Control team coaches were asked to describe their 
warm-up training routines and possible unprompted injury preventive measures 
used during follow-up. Intervention team coaches were asked to complete a 
questionnaire to evaluate their experiences and attitudes to the injury prevention 
warm-up. Further, a questionnaire for the intervention team coaches was 
conducted six months after the follow-up period to evaluate adoption and 
maintenance of the NMT warm-up after study. 

4.3 Outcome measures 

In Study I, the primary outcome measure was all acute injuries, whereas in studies 
II–IV, the focus was on LE injuries. In studies II and III, acute (Study II) and 
overuse (Study III) LE injuries were analysed separately. In Study IV, the number 
of weekly NMT warm-up sessions at the team level (team adherence) was also 
treated as an outcome measure. 

The injuries (including location and mechanism) were defined according to the 
2006 consensus statement in injury prevention research. (Fuller et al., 2006). For 
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injury, the definition “any physical complaint sustained by a player that resulted 
from football training or playing, irrespective of the need for medical attention or 
time-loss from football activities” was used. For acute injury, “an injury resulting 
from a specific, identifiable event”; and for overuse injury, “an injury caused by 
repeated microtrauma without a single identifiable event responsible for the injury” 
were used. In Study 1, acute injury severity was classified into slight (0 days), 
minimal (1–3 days), mild (4–7 days), moderate (8–28 days) and severe (over 28 
days) injuries according to time-loss from full participation in training and playing. 
(Fuller et al., 2006) In Study II, severity classes were combined in two, minor (0–7 
days) and major (over 7 days) injuries, to increase statistical power in the analysis of 
acute injury rate between the intervention and control groups. The severity of 
overuse injuries was classified as nonsubstantial or substantial according to the 
OSTRC-O validation guidelines. (Clarsen, Myklebust & Bahr, 2013) 

4.4 Randomisation 

The participating clubs were randomised into the intervention and control groups 
between study recruitment and the start of the intervention. Baseline 
questionnaires and measurements were conducted before randomisation. 
Computer-generated randomisation was conducted using the 13 home cities as the 
unit of randomisation: all clubs from the same city were assigned to the same 
group. One city with several clubs, four cities with two clubs and eight cities with 
only one club were allocated in different randomisation blocks. These three blocks 
were randomised separately into two groups with the condition that the number of 
clubs would be even (10 clubs each).  

4.5 Intervention (studies II–IV) 

The intervention took place between January and June 2015 (20 weeks). Prior to 
the start of the intervention, the coaches from the intervention group were invited 
to a weekend workshop during which they took part in theoretical and practical 
sessions in football injury prevention and the NMT warm-up to be conducted in 
the study. Each coach received a tablet computer including videos of each exercise 
and instructions how to conduct the NMT warm-up in team training. 
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The 20-minute NMT warm-up was based on the NMT warm-up protocol of a 
previous RCT on sports injury prevention and was designed to prevent LE injuries 
(Figure 5). (Pasanen et al., 2008) The existing warm-up was modified with 
experienced youth football coaches for the purpose of this study. The NMT warm-
up consisted of seven different exercises with progression and variations of diverse 
difficulty focusing on the children’s motor skills and movement quality. The teams 
in the intervention group were instructed to carry out the 20-minute NMT warm-
up before team football training sessions 2–3 times a week. Teams in the control 
group were instructed to continue their usual warm-up routines during the study 
period. 

During the intervention, the researchers visited each intervention team 2–3 
times to oversee their warm-up routines. Unannounced check-ups were conducted 
to the control clubs for evaluating the warm-up routines in the control arm. 
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Figure 5.  Neuromuscular warm-up training programme.  
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4.6 Statistical analyses 

The power calculations for the RCT were based on a cross-sectional survey 
conducted during the previous Sami Hyypiä Academy season. This pilot study of 
1400 players surveyed the seasonal 20-week rate of acute LE injuries in U11–U14 
football players. The assumption for the RCT was that there would be a 20% 
reduction in the rate of acute LE injuries from 0.69 injuries per player (pilot study 
result) to 0.55 injuries per player during the 20-week intervention. The statistical 
power was set at 0.80, significance level at 0.05 and the coefficient of variation of 
rate between club level clusters at 0.05. As a result, a minimum of 1380 players 
from 20 clubs were required for the entire study. 

Statistical analyses were performed using the IBM SPSS Statistics for Windows, 
Version 27.0 (IBM Corp, Armonk, NY, USA) for participant characteristics, 
overuse injuries and adherence. Acute injuries were analysed with Stata, Version 
15.0 (Stata Corp, College station, TX, USA).  

Participant characteristics were described with means and standard deviations 
for continuous variables or numbers and percentages for dichotomous variables. 
The Students T-test for independent samples, the one-way analysis of variance 
(ANOVA) and the Chi-square test were used where appropriate to examine 
differences in group characteristics. 

For acute injuries in Studies I–IV, the means with 95% CIs of injury rate per 
1000 hours of football exposure, including matches and training, were analysed for 
the intervention group and the control group. Injury rate ratio (IRR) with its 95% 
CI between the groups was then analysed using negative binomial regression. This 
more appropriate method was chosen instead of the planned Poisson regression 
due to overdispersion of injury data. Cluster-robust standard errors were calculated 
to account for intragroup correlations among players in the same clubs. The 
primary analysis was conducted by adjusting the data for football exposure. The 
secondary analysis was conducted by further adjustment for age and sex. 

For overuse injuries in Studies III–IV, the means with 95% CIs of weekly 
overuse LE injury prevalence were analysed for the intervention group and the 
control group. The comparison of weekly overuse LE injury prevalence between 
groups was analysed with a generalised linear mixed model using binomial 
distribution. The club was used as random effect in the model. The results are 
expressed as odds ratios and their 95% CIs. The primary analysis was conducted 
without adjustments. The secondary analyses were conducted by further 
adjustment for age, sex and football exposure inserted as explanatory variables in 
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the model, and separately by excluding players with baseline overuse injuries from 
the analysis. 

Adherence to the intervention at the team level in Study IV was analysed using 
a generalised linear mixed model with a negative binomial distribution. The 
number of weekly NMT warm-up sessions was set as the outcome variable. Team 
was used as random effect. The results are expressed as the mean with 95% CI of a 
relative weekly change (%) in the number of conducted NMT warm-up sessions. 
Mean weekly NMT warm-up sessions by month are reported to illustrate the 
results. Monthly data of team adherence are also reported in Studies II–III using 
mean weekly sessions and the number and proportion of teams reaching the target 
number of sessions. 
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5 RESULTS 

5.1 Flow of participants through studies 

The flow of participants in the RCT is illustrated in Figure 6. A total of 1643 
players in the 20 football clubs were assessed for eligibility. After informed 
consents, 219 players declined to participate leaving 1424 players for 
randomisation. Between randomisation and the start of follow-up, 15 players 
stopped playing in the participating teams. Thus, 1409 players entered the follow-
up, 676 players being in the intervention group and 733 players in the control 
group. The characteristics of the players in these groups are shown in Table 5. In 
total, 56 players discontinued follow-up due to reasons specified in the Figure 6. 
Their injury data were included until the time of discontinuation. 

Study I focused only on the control arm of the RCT. Three players were 
excluded because of a major injury at baseline, and thus 730 players were analysed. 
In Study II, the number of participants was 1403, as six players (three from each 
group) were excluded from analysis due to a major injury at baseline. In Study III, 
all 1409 players participating in the follow-up were included in the analyses. In 
Study IV, the participants in the intervention group were allocated into three 
groups of adherence (high, medium, low) at the team and individual levels. All 
1409 players participating in the follow-up were included in the analyses. 
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Figure 6.  Flow of participants through the cluster-randomised controlled trial. 

aStopped playing in the participating teams prior to follow up. 
bExclusion of 3 players in the intervention group and 3 players in the control group for ongoing 
severe injury at baseline 
cMissing individual adherence data. 
n = number of players 
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Table 5.  Characteristics of study participants. 

 Intervention group 
(n=676) 

Control group 
(n=733) 

P value 

Sex    
Females  117 (17%) 163 (22%) 0.021a 

Males 559 (83%) 570 (78%) 0.021a 
Age, years  12.2 (1.2) 12.3 (1.1) 0.048b 

Height, cm  151.4 (10.1) 151.7 (9.8) 0.60b 

Weight, kg  41.4 (8.7) 41.2 (8.5) 0.84b 

Previous injuries, n 302 (45%) 291 (40%) 0.96a 

Weekly football exposure hours 5.4 (1.4) 4.5 (0.9) <0.001b 

The values are numbers (% within group) and means (standard deviation). 
Previous injuries refer to injuries sustained during the previous 12 months before the completion of 
the baseline questionnaire (yes/no answers). 
Three players in Study I and six players in Study II were excluded because of a baseline injury. 
The differences between the intervention and control groups were tested with a Pearson’s Chi-
square test or the independent samples T-test where appropriate 
P values for statistically significant differences are bolded. 
Abbreviations: n = number; cm = centimetre; kg = kilogram. 
aPearson’s Chi-square test. 
bIndependent samples T-test. 

5.2 Acute injury characteristics in children’s football (Study I) 

Altogether 278 players suffered from a total of 410 acute injuries. Thus, 38% of 
players suffered from at least one injury during the 20-week follow-up season. 
Injury rate per 1000 hours of total football exposure was 6.47 (95% CI 5.84 to 
7.01). Injuries were more incident in matches with injury rate 25.91 (95% CI 22.41 
to 29.40) compared to training with injury rate 3.60 (95% CI 3.10 to 4.10) (Table 
6). Only 9% of injuries were recurrent during follow-up, while the rest 91% were 
new injuries. Age or body mass index was not associated with LE injuries, but each 
1 centimetre increase in height led to a decrease of 3% in the LE injury rate 
(p=0.046).  
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Table 6.  Numbers and rates of acute injuries per 1000 hours of football exposure and injury 
rate ratios between sexes. 

  All players 
(n=730) 

Male players 
(n=567) 

Female players 
(n=163) 

Injury rate ratio 
(95% CI) 

All injuries 410 (6.47) 321 (6.29) 89 (7.20) 1.16 (0.85-1.56) 
  Match injuries 211 (25.91) 159 (24.67)  1.37 (0.95-1.96) 
  Training injuries 199 (3.60) 162 (3.63)  0.95 (0.57-1.59) 
Injury location     
 Ankle 121 (1.91) 86 (1.68) 35 (2.83) 1.72 (1.04-2.86) 
 Knee 70 (1.10) 55 (1.08) 15 (1.21) 1.12 (0.69-1.82) 
 Thigh 65 (1.03) 52 (1.02) 13 (1.05) 1.03 (0.32-3.33) 
 Foot/ toe 31 (0.49) 26 (0.51) 5 (0.40) 0.8 (0.38-1.67) 
 Lower leg/Achilles 30 (0.47) 24 (0.47) 6 (0.49) 1.03 (0.45-2.38) 
 Hip/groin 29 (0.46) 26 (0.51) 3 (0.24) 0.48 (0.12-1.96) 
 Lower back/pelvis/sacrum 24 (0.38) 19 (0.37) 5 (0.40) 1.09 (0.68-1.75) 
 Hand/finger 12 (0.19) 11 (0.22) 1 (0.08) 0.38 (0.05-2.94) 
 Upper back/neck 8 (0.13) 6 (0.12) 2 (0.16) 1.37 (0.21-9.09) 
 Wrist 7 (0.11) 6 (0.12) 1 (0.08) 0.69 (0.07-6.67) 
 Shoulder/clavicula 4 (0.06) 2 (0.04) 2 (0.16) 4.17 (1.54-11.11) 
 Upper extremity 4 (0.06) 4 (0.08) 0 NA 

 Chest/rib 3 (0.05) 3 (0.06) 0 NA 

 Head/face 2 (0.03) 1 (0.02) 1 (0.08) 4.17 (0.22-100.0) 
The values are numbers (rates per 1000 hours of football exposure) of injuries and injury rate ratios 
(95% CI) for the difference between males and females. 
The differences between females and males were compared with negative binomial regression 
adjusted for football exposure hours, males as the reference group. 
Statistically significant results are bolded. 
Abbreviations: n = number of players; CI = Confidence Interval; NA = Not Applicable. 

5.2.1 Injury location, mechanism and severity 

The majority of the acute injuries affected lower extremities (84% of all injuries). 
The most common injury locations were the ankle (30%), knee (17%) and thigh 
(16%) (Table 6). 

By mechanism, contacts accounted for 63% of all injuries, and 37% were 
noncontact injuries. Noncontact injuries were most incident in the hip/groin and 
thigh areas, where 86% and 72% of injuries were noncontact injuries, respectively. 
A half of ankle injuries (50%) were noncontact injuries. 

Most injuries (40%) were mild in severity, resulting in time-loss of under seven 
days from football activities (Table 7). The mean (95% CI) of time-loss was 8 (6.5 
to 9.0) days. There were 25 severe injuries resulting in time-loss of over 28 days. 
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Only one of these occurred in female players. The severe injuries affected most 
commonly the upper extremity (n=5) and the knee (n=4). 

Table 7.  Injury severity: numbers and rates of acute injuries per 1000 hours of football 
exposure. 

Body region Slight (0 days) Minimal (1-3 days) Mild (4-7 days) 
 Female Male Female Male Female Male 
All injuries 15 (1.21) 29 (0.57) 29 (2.35) 137 (2.68) 20 (1.62) 61 (1.19) 
Head and neck - - 2 (0.16) 3 (0.06) 1 (0.08) - 
Upper extremity 2 (0.16) 5 (0.10) 1 (0.08) 8 (0.16) 1 (0.08) 1 (0.02) 
Trunk - 4 (0.08) 2 (0.16) 7 (0.14) - 2 (0.04) 
Lower extremity 13 (1.05) 20 (0.39) 24 (1.94) 119 (2.33) 18 (1.46) 58 (1.14) 

Ankle 7 (0.57) 9 (0.18) 10 (0.81) 31 (0.61) 9 (0.73) 18 (0.35) 
Knee 3 (0.24) 3 (0.06) 6 (0.49) 25 (0.49) 3 (0.24) 11 (0.22) 

 Moderate (8-28 days) Severe (>28 days) All injuries 
 Female Male Female Male Female Male 
All injuries 13 (1.05) 81 (1.59) 1 (0.08) 24 (0.47) 89 (7.20) 321 (6.29) 
Head and neck - - - - 3 (0.24) 3 (0.06) 
Upper extremity - 4 (0.08) - 5 (0.10) 4 (0.32) 23 (0.45) 
Trunk 1 (0. 08) 4 (0.08) - 3 (0.06) 3 (0.24) 20 (0.39) 
Lower extremity 12 (0.97) 73 (1.14) 1 (0.08) 16 (0.31) 68 (5.50) 286 (5.60) 

Ankle 8 (0.65) 24 (0.47) 1 (0.08) 4 (0.08) 35 (2.83) 86 (1.68) 
Knee 2 (0.16) 12 (0.24) 1 (0.08) 4 (0.08) 15 (1.21) 55 (1.08) 

The values are numbers (rates per 1000 hours of football exposure) of injuries. 

5.2.2 Sex differences in injuries 

The injury rate per 1000 hours of football exposure was 6.29 in males and 7.20 in 
females (Table 6). There was no difference in the total injury rate between sexes, 
the IRR (95% CI) being 1.16 (0.85 to 1.56) with males as reference. However, 
ankle injuries were more common in females compared to males, the IRR (95% 
CI) being 1.72 (1.04 to 2.86). The sex difference was even larger for noncontact 
ankle injuries, the IRR (95% CI) being 2.78 (1.91 to 4.02). 
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5.3 Neuromuscular training warm-up in the prevention of acute 
lower extremity injuries (Study II) 

In total, 794 acute injuries in 541 players occurred during the follow-up. Of these, 
656 (83%) occurred in the lower extremities. The rate of acute LE injuries per 1000 
hours of football exposure was 4.4 in the intervention group and 5.5 in the control 
group (Table 8). This difference was statistically nonsignificant, the IRR (95% CI) 
being 0.81 (0.63 to 1.03) with the control group as reference. However, participants 
in the intervention group had fewer acute noncontact LE injuries compared to the 
control group, injury rate being 1.8 in the intervention group and 2.7 in the control 
group and the IRR (95% CI) being 0.67 (0.48 to 0.93). Statistically significant 
differences in noncontact ankle and noncontact joint/ligament injuries were also 
found in favour of the intervention group compared to the control group (Table 
8). The difference between the intervention and control groups was greatest in 
joint/ligament injuries (38% lower risk in intervention group) and ankle injuries 
(41% lower risk in intervention group). All of these differences were stronger in 
male players than in all players, and all of them were statistically nonsignificant in 
female players. There were no difference in the rates of contact injuries between 
the groups. 
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The values are numbers and rates of lower extremity injuries per 1000 hours of football exposure 
and injury rate ratios (95% CI) between the intervention and control groups. 
The differences between groups were compared with negative binomial regression adjusted for 
football exposure hours, and the results are expressed as injury rate ratios (95% CI), the control 
group as reference. 
Statistically significant results are bolded. 
Abbreviations: CI = Confidence Interval; LE = Lower Extremity; n = number of players 
aAdjusted for age and sex. 
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5.4 Neuromuscular training warm-up in the prevention of 
overuse lower extremity injuries (Study III) 

A total 615 (44%) players reported an overuse LE injury during the follow-up 
(Table 9). Of them, 171 had more than one overuse LE injury. The median 
duration of an overuse injury was 2 weeks (range 1-20). Overuse injuries were 
reported in total 3070 player-weeks, and the injury was classified as substantial in 
31% of the weeks. In only 14% of the weeks, the overuse injury resulted in time-
loss from sports participation. The most common injury locations were the knee 
(52% in the intervention group and 51% in the control group), heel (20 and 23%), 
hip/groin (5 and 8%) and the ankle (9 and 46%). 

Table 9.  Characteristics of overuse lower extremity injuries. 

  Intervention group 
n=676 

Control group 
n=733 

Injured players, n (%) 297 (44%) 318 (43%) 
Players with >1 injuries, n (%) 84 (12%) 87 (12%) 
New injuries, n 395 411 
Median weeks suffered from a single injury 2 2 
Reported weeks of injury 1502 1568 
Reported weeks of substantial injury 784 699 
Time-loss injury weeks, n (%) 271 (18%) 169 (11%) 
Injury sites, n (%)   
 Knee 774 (52%) 793 (51%) 
 Heel 307 (20%) 367 (23%) 
 Ankle 134 (9%) 55 (4%) 
 Hip/groin 72 (5%) 131 (8%) 
The values are numbers (proportions within group). 
n = number. 

The weekly prevalence of overuse LE injuries was 11.6% in the intervention group 
and 11.3% in the control group (Table 10). No difference in the weekly prevalence 
of overuse LE injuries was observed between the groups in the unadjusted 
analysis(odds ratio 1.01, 95% CI 0.99 to 1.03). No differences in the unadjusted 
analysis of substantial overuse LE injuries were found between the groups, either. 
No difference in any overuse LE injury was observed between the groups after 
adjustment for football exposure, age and sex, or when including only overuse 
injury-free players at baseline. However, The weekly prevalence of overuse heel 
injuries was higher in the intervention group compared to the control group (odds 
ratio 1.05, 95% CI 1.00 to 1.10). In female players who were overuse injury-free at 
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baseline, substantial overuse LE injuries were less common in the intervention 
group compared to the control group (odds ratio 0.92, 95% CI 0.85 to 1.00). 

Table 10.  Weekly prevalence of overuse lower extremity injuries and comparison 
between the intervention and control groups.  

  Mean weekly prevalence % (95% CI) Odds ratio (95% CI) 

All injuries 
Intervention group 

(n=676) 
Control group 

(n=733) 
 

 LE  11.6 (11.0 to 12.2) 11.3 (10.7 to 11.9) 1.01 (0.99 to 1.03) 
 Knee  6.0 (5.6 to 6.4) 5.7 (5.3 to 6.1) 0.99 (0.96 to 1.02) 
 Heel 2.4 (2.1 to 2.6) 2.6 (2.4 to 2.9) 1.05 (1.00 to 1.10) 
Substantial injuries 
 LE 6.0 (5.6 to 6.5) 5.0 (4.7 to 5.4) 1.00 (0.97 to 1.03) 
 Knee 2.9 (2.6 to 3.2) 2.4 (2.2 to 2.7) 0.97 (0.93 to 1.02) 
 Heel 1.2 (1.1 to 1.5) 1.1 (1.0 to 1.3) 1.06 (0.99 to 1.13) 
The values are weekly prevalences in percentages (95% CI) within groups and odds ratios (95% CI). 
The differences between the intervention and control groups were analysed with a generalised linear 
mixed model, the control group as reference. 
Statistically significant results are bolded. 
Abbreviations: CI = Confidence Interval; LE = Lower Extremity; n = number of players. 

5.5 Adherence to a neuromuscular training warm-up 

Allocation of the intervention group by adherence resulted in groups of high 
(n=17 teams), medium (n=23) and low (n=4) adherence (Figures 7 and 8). 
Efficacy analysis was conducted with the teams adhering ideally to the intervention 
(n=7). 

The median (range) number of NMT warm-up sessions conducted in the teams 
was 33 (4–57) over the 20-week follow-up. This corresponded to the median 
(range) number of NMT warm-ups of 2 (0–5) per week. Each week, an average of 
63% of the teams reached at least 2 NMT warm-ups. On average, 71% of the 
players attended the team NMT warm-up sessions, and the mean (range) of session 
duration was 25 (10 to 70) minutes. Two teams of one club in the low adherence 
group withdrew early from the study protocol and began their own 
physiotherapist-led injury prevention programme; all other 42 out of 44 teams 
completed more than 20 NMT warm-up sessions and followed the intervention 
regularly with at least 1 training session on 15 out of all 20 follow-up weeks. 

The number of NMT warm-up sessions per week declined by 1.9% (95% CI 
0.8% to 3.1%) a week through the 20-week follow-up. This corresponded to a 
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decrease of the mean of 2.0 weekly NMT warm-up sessions in the first month to 
the mean of 1.5 weekly NMT warm-up sessions in the last month of follow-up. 

Figure 7.   Trend for team adherence to the intervention programme.  

 

Figure 8.  Monthly team adherence to the intervention programme.  
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5.5.1 Effect of adherence to acute lower extremity injuries 

The rate of acute LE injuries per 1000 hours of football exposure was 4.77 in the 
high team adherence group and 5.48 in the control group (Table 11). There was no 
difference in the acute LE injury rate between these groups (IRR 0.87, 95% CI 0.71 
to 1.08), the control group as reference. However, the acute LE injury rate was 
lower in the low adherence group than in the control group (3.50 vs. 5.48; IRR 
0.66, 95% CI 0.48 to 0.90). Acute noncontact LE injury rate was lower in the high 
adherence group when compared to the control group (1.87 vs. 2.76, IRR 0.67, 
95% CI 0.48 to 0.94). There was no such difference between the medium 
adherence group and the control group. In the efficacy analysis, acute noncontact 
LE injury rate was 47% lower in the teams adhering ideally to the intervention 
compared to the control group (1.45 vs. 2.76; IRR 0.53, 95% CI 0.29 to 0.97, 
analysis adjusted for age, sex and football exposure hours). 

At the individual level, the risk of all acute LE injuries was lower in the high 
adherence group compared to the control group (4.15 vs. 5.48; IRR 0.76, 95% CI 
0.60 to 0.96) (Table 11). There were no such differences between the medium or 
low adherence groups and the control group. The results were similar for acute 
noncontact LE injuries. 

Table 11.  Effect of adherence to the intervention on acute lower extremity injury rate and 
comparison between intervention adherence groups and the control group. 

  Team adherence   Player adherence 
  Injury rate per 1000 

hours (95% CI) 
Injury rate ratio 

(95% CI) 
  Injury rate per 1000 

hours 
Injury rate ratio 

(95% CI) 
LE Injuries       
 High 4.77 (4.01 to 5.64) 0.87 (0.71 to 1.08)  High 4.15 (3.37 to 5.06) 0.76 (0.60 to 0.96) 
 Medium 4.17 (3.54 to 4.88) 0.77 (0.54 to 1.09)  Medium 5.14 (4.29 to 6.12) 0.96 (0.72 to 1.27) 
 Low 3.50 (2.35 to 5.02) 0.66 (0.48 to 0.90)  Low 4.23 (3.38 to 5.23) 0.78 (0.55 to 1.11) 
 Control 5.48 (4.93 to 6.08) 1 (reference)  Control 5.48 (4.93 to 6.08) 1 (reference) 
Noncontact LE Injuries      
 High 1.87 (1.41 to 2.43) 0.67 (0.48 to 0.94)  High 1.87 (1.37 to 2.51) 0.67 (0.51 to 0.89) 
 Medium 1.83 (1.43 to 2.32) 0.67 (0.42 to 1.07)  Medium 2.09 (1.57 to 2.73) 0.77 (0.47 to 1.24) 
 Low 1.43 (0.75 to 2.48) 0.52 (0.34 to 0.79)  Low 1.67 (1.16 to 2.33) 0.61 (0.34 to 1.08) 
 Control 2.76 (2.38 to 3.20) 1 (reference)  Control 2.76 (2.38 to 3.20) 1 (reference) 

The values are injury rates per 1000 hours (95% CI) of football exposure and injury rate ratios (95% 
CI) for the differences between groups. 
The differences between groups were compared with negative binomial regression adjusted for 
football exposure hours, the control group as reference. 
Statistically significant results are bolded. 
Abbreviations: CI = Confidence Interval; LE = Lower Extremity. 
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5.5.2 Effect of adherence to overuse lower extremity injuries 

The weekly prevalence of overuse LE injuries was 12.5% in the high, 10.2% in the 
medium, and 15.5% in the low team adherence groups, and 11.3% in the control 
group (Table 12). There were no differences in the prevalence of overuse LE 
injuries between any of the adherence groups and the control group. No 
differences in the prevalences of overuse LE injuries were found at the individual 
level, either. 

Table 12.  Effect of adherence to the intervention on the weekly overuse lower extremity 
injury prevalence and comparison between intervention adherence groups 
and the control group. 

 Team adherence   Player adherence 
 Mean weekly 

prevalence 
% (95% CI) 

 
Odds ratio 
(95% CI) 

  Mean weekly 
prevalence 
% (95% CI) 

 
Odds ratio 
(95% CI) 

LE Injuries       
High 12.5 (11.6 to 13.5) 1.01 (0.98 to 1.04)  High 8.9 (8.0 to 9.8) 1.01 (0.98 to 1.05) 
Medium 10.2 (9.4 to 11.0) 1.01 (0.98 to 1.04)  Medium 9.3 (8.4 to 10.2) 1.00 (0.97 to 1.03) 
Low 15.5 (13.2 to 18.0) 1.01 (0.96 to 1.07)  Low 15.5 (14.3 to 16.9) 1.02 (0.99 to 1.05) 
Control 11.3 (10.7 to 11.9) 1 (reference)  Control 11.3 (10.7 to 11.9) 1 (reference) 
Substantial LE Injuries      
High 6.1 (5.5 to 6.8) 1.00 (0.96 to 1.04)  High 3.4 (2.9 to 4.0) 1.00 (0.95 to 1.05) 
Medium 5.5 (4.9 to 6.1) 0.99 (0.96 to 1.03)  Medium 4.6 (4.0 to 5.3) 0.99 (0.94 to 1.03) 
Low 9.2 (7.5 to 11.2) 1.00 (0.94 to 1.07)  Low 8.6 (7.7 to 9.6) 1.01 (0.97 to 1.05) 
Control 5.0 (4.7 to 5.4) 1 (reference)  Control 5.0 (4.7 to 5.4) 1 (reference) 
The values are mean weekly injury prevalences in percentages (95% CI) within groups and odds 
ratios (95% CI) for the difference between groups. 
The difference between groups was analysed with a generalised linear mixed model, the control 
group as reference. 
There are no statistically significant differences. 
Abbreviations: CI = Confidence Interval; LE = Lower Extremity. 

5.5.3 Injury prevention training in the control group 

After the 20-week follow-up, 34 of the 48 control team coaches completed the 
questionnaire on injury prevention with NMT during follow-up. A total of 25 
(74%) out of 34 team coaches reported having used some form of NMT 
corresponding to the intervention programme in their weekly training. Exercise-
specifically, most control teams included core planks (94%), single-leg squats 
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and/or lunges (82%), and single-leg jumps (82%) in their weekly training. Hip 
muscle exercises were less regularly conducted in the control teams (41%). 

5.5.4 Coach attitudes and maintenance of the programme 

After the 20-week follow-up, 35 of the 44 intervention team coaches completed 
the questionnaire on the attitudes and beliefs towards the intervention programme. 
All coaches considered the NMT warm-up beneficial. Open feedback was received 
from 25 coaches (Table 13). 

In addition, 22 of the 44 intervention team coaches completed a survey to 
evaluate the adoption and maintenance of the NMT warm-up six months after the 
intervention: 18 (82%) of the 22 teams whose coaches completed the questionnaire 
still conducted the study warm-up exercises regularly in their training. 

 

Table 13.  Feedback of the neuromuscular training warm-up from the intervention team 
coaches. 

The involvement of ball skills in the warm-up was too little. (n=1) 
The warm-up was too long in duration. (n=3) 
Some exercises were too difficult for children less than 12 years. (n=1) 
The warm-up was too demanding and tiring for the players in the beginning. (n=1) 
There were problems with limited spaces and limited time to do the warm-up properly. (n=2) 
The fidelity of performing the exercises varied between players. (n=2) 
Overuse injury complaints were experienced to increase (n=2) 
n = number. 



 

78 

6 DISCUSSION 

The purpose of this dissertation was first to investigate the epidemiology of 
children’s football injuries, and then, test the effectiveness of a NMT warm-up 
programme in preventing LE injuries in the participants. In addition, there was 
special interest to study how football teams and players adhered to the applied 
warm-up programme. 

6.1 Occurrence and characteristics of acute injuries 

The study I in the dissertation series focused on the epidemiology of acute injuries 
in children’s football. The main finding was that the overall injury rate was 
considered high (injury rate 6.47 per 1000 hours of football exposure) and as many 
as four out of 10 players suffered from an acute injury during the 20-week follow-
up season. The risk of injuries was higher in matches (injury rate 25.91) compared 
to training (injury rate 3.60). Moreover, the proportion of noncontact injuries was 
moderately high, 37% of all injuries not being due to a contact with another player. 

The acute injury rate observed in this study was higher than in earlier studies 
examining football injuries in the same age group. Injury rates of 1–2 per 1000 
hours of total football exposure have been reported in three previous studies 
among 6–14-year-old players. (Froholdt, Olsen & Bahr, 2009; Rössler et al., 2016; 
Zarei et al., 2020). The injury rates in U13–U19 youth football have been reported 
to be 1–5 per 1000 hours of training exposure and 15–20 per 1000 hours of match 
exposure. (Faude, Rössler & Junge, 2013) However, due to different data collection 
methods, the results are not directly comparable; for example, the active weekly 
text message data collection in the present study may have resulted in an increased 
number of reported injuries. It is also important to note that the present study 
consisted of U11–U14 players, compared to the younger players in the three 
above-mentioned studies. It has been reported that injury rates increase with 
increasing age. (Adams & Schiff, 2006; Bult, Barendrecht & Tak, 2018; Faude, 
Rössler & Junge, 2013; Jones et al., 2019; Materne et al., 2020; Rössler et al., 2016; 
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Wik et al., 2021) Similar to the results of earlier studies, the injury risk in match-
play was clearly higher when compared to training. 

Most acute injuries in this study were mild in severity. Up to 71% of the injuries 
resulted in a time-loss of 0–7 days from football activities, which is markedly more 
than the 50% reported in the systematic review summarising research until 2013, 
(Faude, Rössler & Junge, 2013) and a little more than the 62% reported later by 
Zarei and coworkers. (2020) Again, one possible reason for reporting more mild 
injuries in the present study could be that the text message data collection may 
have lowered the threshold for reporting even smaller complaints. 

The acute injuries affected mostly the lower extremities, specifically the ankle, 
knee and thigh. Ankle is the most commonly affected injury site throughout 
epidemiological research in youth football, and there seems to be no discrepancies 
in the affected injury sites in the present study compared to earlier research. 
(Emery & Meeuwisse, 2006a; Emery, Meeuwisse, & Hartmann, 2005; Hall et al., 
2020; Kakavelakis et al., 2003; Le Gall et al., 2007, Materne et al., 2020; Powell & 
Barber Foss, 2000; Rössler et al., 2016) Noncontact injuries accounted for 37% of 
all acute injuries, and up to 50% of the ankle injuries. The proportions of contact 
and noncontact injuries also appears to be similar in the present study compared to 
earlier studies, although variation across the results of different studies exist. 
(Emery, Meeuwisse & Hartmann, 2005; Junge et al., 2004; Kakavelakis et al., 2003; 
Rössler et al., 2016; Steffen et al., 2007; Wik et al., 2021). Noncontact ankle injuries 
form a large part of the injury burden in children’s football, these injuries could 
often be prevented with appropriate injury preventive means. 

There were no differences in the overall injury rate between sexes. Two large 
epidemiologic studies in high school youth football have examined the injury risk 
between sexes, one of which found no difference between sexes (Yard et al., 2008), 
while the other found females to be at a higher risk of injuries than males (Powell 
& Barber Foss, 2000). Further, in the present study, females suffered from more 
ankle injuries and especially more noncontact ankle injuries than males. The 
noncontact ankle injury rate was almost three-fold in females compared to males. 
The reasons for this difference are obviously multifactorial, but the result could be 
partly explained by sex differencies in neuromuscular control, which should be 
further studied in this population. In contrast, sex was not identified as a risk factor 
for ankle sprain injuries in a pooled analysis of ankle sprains in youth football and 
basketball studies among 11–18-year-olds. (Owoeye, Palacios-Derflingher, & 
Emery, 2018b) 
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6.2 Neuromuscular training warm-up in the prevention of 
injuries 

Study II examined the effect of the NMT warm-up programme on the rate of 
acute LE injuries, whereas Study III investigated its effect on overuse injuries in 
children’s football. Study IV examined more closely whether adherence to the 
programme would have an impact on the injury preventive effect of the 
intervention. The intervention was designed to enhance the players’ neuromuscular 
control and movement quality and, further, to prevent injuries. The effect of the 
intervention was tested in a RCT setting. 

6.2.1 Acute lower extremity injury prevention 

The studied NMT warm-up was not conclusively found to prevent overall acute 
LE injuries in the intervention group as the IRR between the intervention and 
control groups was statistically nonsignificant at 0.81, the control group as 
reference. This could be considered as an expected result considering the 
multifactorial nature of injuries, and the theoretical effects of NMT. After 
excluding contact injuries, which are not expected to be preventable by means of 
NMT, and including only noncontanct acute LE injuries, the intervention was 
found to reduce the injury rate by 33%. This reduction corresponds to one acute 
LE injury less per 1000 hours of football exposure and could also be considered a 
clinically significant reduction in the injury rate. Moreover, the intervention had 
even a stronger effect on noncontact ankle injuries, the most common football 
injuries, which were decreased by 37%. 

Two RCTs in a similar age group as in the present study have shown NMT 
warm-up to reduce the number of overall football injuries by 48–50%. (Rössler et 
al., 2018a; Zarei et al., 2020) In older youth football players aged 13–18 years, 
statistically nonsignificant decreases of 17–32% in the risk of overall LE injuries 
have been reported, which is consistent with the results of the present study. 
(Emery et al., 2010; Soligard et al., 2008; Steffen et al., 2013b) In a meta-analysis of 
RCTs among female youth football players, the NMT programmes were found to 
reduce the overall injury rate by 27%. (Crossley et al., 2020) Although the risk 
reduction in the present study was not as large as in some earlier studies, the trend 
is consistent with the earlier findings and adds to the evidence of the effectiveness 
of NMT interventions in injury prevention in children’s football. 
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6.2.2 Overuse lower extremity injury prevention 

Overuse LE injuries in children’s football did not prove to be preventable with 
NMT warm-up in the present study. There were no differences in the prevalence 
of all overuse LE injuries between the intervention and control groups. Instead, 
children in the NMT warm-up group were found to have more overuse heel 
injuries than those not participating in this intervention. However, the difference is 
considered clinically negligible in the current follow-up.  

The results of the present study are in accordance with the findings of a NMT 
warm-up RCT in Swedish youth floorball, where a major reduction was found in 
acute injury rate, but there was no difference in the prevalence of overuse injuries. 
(Åkerlund et al., 2020) In the Swedish study, a small adverse effect of the NMT 
warm-up on the prevalence of knee injuries was observed. The study used the same 
self-report questionnaire in data collection and the weekly prevalence of injuries as 
the outcome measure as was done in the present study. Steffen and coworkers 
(2008) investigated a NMT warm-up in female youth football, and they also 
reported no difference in the rate of overuse LE injuries between the intervention 
and control groups. However, they concluded that adherence to the designed 
NMT warm-up was low in this study.  

Some RCTs have shown that the overuse injury rate could be reduced with 
NMT warm-up in youth football. Rössler and coworkers (2018a) reported a 
statistically nonsignificant hazard ratio of 0.12 for overuse injuries in favour for the 
intervention group, but the numbers of overuse injuries were low and the 
respective 95% CI was broad from 0.01 to 1.13. Further, Soligard and coworkers 
(2008) reported a decrease of 53% in the rate of overuse injuries in the intervention 
group compared to the control group. These studies used time-loss and/or medical 
attention in defining overuse injuries and are therefore less comparable to the 
current study. However, they suggest that the more severe overuse injuries could 
possibly be reduced with the means of NMT. 

6.3 Adherence to the neuromuscular training warm-up 

In study IV, the adherence to the studied NMT warm-up programme was under 
closer examination. The teams in the intervention group conducted the NMT 
warm-up regularly with a mean number of 1.7 sessions per week. The number of 
weekly NMT warm-up sessions decreased by 1.9% per week, which corresponds to 
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a decrease of half a session less during the 20-week follow-up, from 2.0 to 1.5 
weekly NMT warm-up sessions. However, most of this decreasing trend was 
explained by the high adherence in the first intervention month, after which, the 
teams conducted the intervention with a rather steady rate. 

Overall, the adherence of the participating 44 intervention teams was 
considered good, although it was not in the target values set before the follow-up. 
Teams with high adherence stood out, while most of the other teams had moderate 
adherence. The low adherence group was thus small comprising of only four 
teams. Further, two teams in the low adherence group deviated from the study 
protocol early on by starting their own physiotherapist-led injury prevention 
programme. Partly due to this, the low adherence group paradoxically performed 
really well in injury prevention. 

Adherence to the studied NMT warm-up programme was similar to that of 
NMT interventions in earlier RCTs among youth football players. Studies dealing 
with 7–18-year-old football players all report average weekly adherences of one to 
two conducted NMT warm-ups per week. (Hägglund et al., 2013; Steffen et al., 
2013b; Soligard et al., 2010b; Rössler et al., 2018a; Zarei et al., 2020). Two of these 
studies, conducted among 7–14-year-old players, reported a larger range in the 
distribution of weekly NMT warm-up sessions across the tertiles of adherence of 
0.6–1.5 for the player adherence and 1.1–2.8 for the team adherence. (Rössler et al., 
2018a; Zarei et al., 2020). In this dissertation, the tertiles of adherence were not 
used in the analysis of team adherence, but the corresponding range of weekly 
NMT warm-up sessions across tertiles of adherence would be 1.2–2.1 for the team 
adherence, which is closer to the distribution reported in the U13–U18 female 
football studies. (Hägglund et al., 2013; Steffen et al., 2013b; Soligard et al., 2010b) 

The NMT warm-up programme did not prove to be effective in preventing all 
acute LE injuries in the teams of the high adherence group compared to those of 
the control group. However, a 33% decrease in the rate of acute noncontact 
injuries was found between the teams in the high adherence group and the control 
group. Furthermore, the teams in the efficacy analysis, representing ideal 
adherence, had a 47% lower risk of acute noncontact LE injuries compared to the 
control group. Examining player adherence, the individuals with high adherence 
were at 24% lower risk of all acute LE injuries and at 33% lower risk of acute 
noncontact LE injuries compared to the control group. No differences were 
observed in LE injuries between the teams or the players of medium adherence 
group and the control group. This suggests that insufficient adherence resulted in 
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weaker effect of the intervention. There were no differences in the prevalence of 
overuse LE injuries between the adherence groups and the control group. 

The results confirm the findings of other researchers in that higher adherence 
to NMT warm-up provides a greater injury preventive effect in youth football. 
(Hägglund et al., 2013; Steffen et al., 2013; Soligard et al., 2010b; Rössler et al., 
2018a; Zarei et al., 2020) Studies in children aged 7–14 years show 56% (Rössler et 
al., 2018a) and 72% (Zarei et al., 2020) lower risks of overall injuries in players with 
high adherence to NMT warm-up compared to the control group, while no 
significant effect was observed when comparing the players with low adherence to 
the control group. In female football players aged 13–18 years, 35% (Soligard et al., 
2010b) and 72% (Steffen et al., 2013b) lower risks of overall injuries have been 
reported among players with high adherence compared to those with medium 
adherence to the NMT warm-up intervention. One RCT among 12–17-year-old 
female football players reported as much as an 88% decreased risk of an ACL 
injury in players with high adherence compared to those with low adherence. 
(Hägglund et al., 2013). All above-mentioned studies focus on player adherence 
and not team adherence, which limits the interpretation of their results. Time-loss 
injuries lead to temporary or complete cessation of sport participation, which may 
decrease the player’s adherence to the intervention. Thus, players who have not 
suffered from injuries, are more likely to have higher adherence to the examined 
intervention and are overrepresented in the high adherence group. This may result 
in the overestimation of intervention efficacy. Therefore, team adherence would be 
a more valid indicator of the effect of adherence to the efficacy of an intervention. 
Another option would be to refine the definition of individual adherence to 
acknowledge the loss of adherence resulting from time-loss injuries. 

6.4 Methodological considerations 

The data of this dissertation were based on a prospectively registered cluster-
randomised controlled trial (ISRCTN14046021) designed and conducted according 
to international consensus guidelines. (Fuller et al., 2006; Campbell, Piaggio, 
Elbourne, & Altman, 2012; Schulz, Altman, & Moher, 2010) The applied 
consensus methodology builds on enhanced internal and external validity of the 
current study. No significant alterations from the trial protocol were made except 
for the use of data on football exposure hours. 
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The studied cohort of 9–14-year-old children was large and representative of 
competitive football players across Finland. The sample involved players from 
both big football clubs in big cities as well as from smaller football clubs in smaller 
communities in the rural areas in Finland. The results of this study can thus be best 
generalised to Finnish youth football. When comparing to earlier RCTs in 
children’s football, females were better represented in the present study population, 
but there were still too few of them to draw solid conclusions on the effects of the 
intervention on LE injuries in females specifically. (Rössler et al., 2018a; Zarei et 
al., 2020) All U11–U14 clubs involved in the Sami Hyypiä Academy were included 
in the study; thus, the low number of female participants reflected the sex 
distribution of the Sami Hyypiä Academy clubs. 

The weekly text message injury data collection followed by a structured 
interview in case of an injury was proven to be effective and applicable for 
children’s team sports, where there are no sufficient resources for medical 
personnel on field. The response rate (95%) to the injury data collection was very 
high, and the drop-out rate (4%) during follow-up was low. Overall, the study 
provides positive feedback for researchers to implement these methods into wider 
use. The methodology used in the current study has also been recognised in the 
latest sports injury research consensus statement. (Bahr et al., 2020) A limitation, 
however, is that the use of OSTRC-O self-report questionnaire has not been 
validated in children this young and not when completed with the support of 
players’ guardians. Moreover, when comparing the results to earlier research, it 
should be taken into account that the current method aims to reveal the whole 
extent of the injury burden in contrast to tracking only time-loss or medical 
attention injuries. Thus, the earlier results are not directly comparable to those of 
the present study, but rather underestimates of the injury burden in real life. (Bahr, 
2009; Clarsen, Myklebust & Bahr, 2013) Understanding the true injury burden is 
beneficial in aim to detect injuries early and to start effective treatments to avoid 
the more severe complications of injuries. 

The collection of exposure data did not succeed as planned, and the matter 
should be thought carefully in future research among children. In the present 
study, the players and their guardians were responsible for submitting their 
exposure data monthly via a web-based training journal as a routine part of the 
Sami Hyypiä Academy programme. The completion of these journals was 
inadequate among the study population and instead of precise individual data, we 
had to resort to team-based exposure data and estimations. Training and match 
exposure data were retrieved differently, which further weakens the reliability of 
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these: training data was collected from the web-based training journals and match 
data was attained from information gathered from the Sami Hyypiä Academy and 
the Finnish Football Association. Adequate adherence to study protocol poses a 
challenge in controlled trials conducted in populations of children and youth. It 
could be presumed, that the more effortless the data collection measures are, the 
less there would be risks of missing data. An option would be to investigate the 
inclusion of exposure hours data collection into a weekly text message survey or to 
outsource this information to be retrieved from team coaches and not the players 
or their guardians.  

A strong theme in the methodology was to create an easy-to-implement 
intervention for future use in football teams outside of the controlled trial setting. 
We used an approach which in a previous study was considered as a low-level 
intervention in contrast to a comprehensive intervention. (Steffen et al., 2013a) 
This approach was used in aim to lower the threshold between controlled trial and 
real-life settings. Team coaches took part in theoretical and practical sessions 
concerning injury prevention and the designed study warm-up on a weekend 
workshop. The intervention was then operated by team coaches with minimal 
support from the study personnel during follow-up. The intervention proved to be 
both effective and applicable for regular weekly use in children’s football, and the 
intervention protocol itself would be easily implemented into wider real-life use. 
Similar physiotherapist-led coach workshops would be a cost-effective way to 
educate youth football coaches in injury prevention on a regular basis: the savings 
of 240 Swiss Francs per 1000 hours of football exposure has been reported in a 
cost-effectiveness analysis of a coach-workshop based NMT warm-up intervention 
in 7–13-year-old children playing football. (Rössler et al., 2019)  

The use of weekly prevalence of injuries was considered an appropriate measure 
of overuse injuries. Previous studies have focused more on the rate of acute and 
overuse injuries, but due to the on-off nature of overuse injuries it is reasonable to 
think that the burden of overuse injuries is better reflected in terms of prevalence 
rather than rate. (Bahr et al., 2020) Injury burden calculated as the number of days 
of time-loss per 1000 hours of sports participation was not used in the present 
study, although it has recently been established as a measure of the magnitude of 
the injury problem, complementary to injury rate, prevalence and severity reported 
separately. It would have been suitable to calculate injury burden for acute injuries 
in the present study as well. The burden of acute LE injuries would have been 
interpreted as moderate at maximum, as most of the acute LE injuries resulted in 
under seven days of time-loss. For overuse injuries, the injury burden should be 
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addressed in a non-time-loss dependent way in the future. In the OSTRC-O 
questionnaire, there are tools available for this, such as the substantial injury 
definition or the use of a severity score, but these methods are not yet validated in 
research. (Clarsen et al., 2020) 

6.4.1 Neuromuscular training warm-up programme 

An unintentional effect of the intervention was found, as the teams of the 
intervention group had higher football exposure than the control teams during 
follow-up. The intervention team coaches were instructed to replace their regular 
warm-up with the studied NMT warm-up and not to lengthen their training in 
total, but this was likely not the case in practice as the total football exposure in the 
intervention group was 20% higher than in the control group. There were 
assumedly practical reasons behind this, as the study NMT warm-up sessions were 
on average 25 minutes in duration and the intervention team coaches did not want 
to use their field time scheduled for their teams to warm-up, but into football-
specific training instead. The difference in football exposure between groups makes 
the interpretation of the study results more complex as higher exposure hours leads 
to increased weekly training load, which in turn is associated with a higher risk of 
injuries. (Drew & Finch; 2016; Eckard et al., 2018) Adjusting the data for the 
different exposure hours does not fully consider the injury risk burden which 
results from the increased training load. Thus, it is possible that the true effect of 
the intervention would be even larger than observed. 

The intervention warm-up was based on the research team’s earlier NMT 
warm-up proven effective in preventing injuries in female floorball. (Pasanen et al., 
2008) The warm-up used earlier was modified for the purpose of this study in 
collaboration with experienced youth football coaches and the intended users of 
the warm-up in mind: a priority was to make the programme playful and effortless 
to conduct in children’s everyday practice. Special focus was addressed to maintain 
interest of the players in performing the programme regularly as there were 
numerous exercise variations with diverse difficulty in the programme. The regular 
participation of the teams and the positive feedback from the intervention team 
coaches suggest that this succeeded. 

Team coaches are willing to modify the existing NMT warm-ups for their own 
preferences and this was also observed in the feedback from the intervention team 
coaches. (Lindblom et al., 2014; Norcross et al., 2016; O’Brien, Young & Finch, 
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2016) The suggested modifications concerned the inclusion of ball skills in the 
warm-up, preferring some exercise categories over others, or limiting the overall 
duration of the programme. These suggestions should be taken into account in the 
future, and there is more room for the combination of ball skills and NMT into a 
more comprehensive sports-specific warm-up. The current NMT warm-up 
programme resulted in 25-minute warm-up sessions on average, which may be too 
long for children’s everyday warm-up. However, the modifications should not 
leave out any of the components of the comprehensive programme in the long-
term. It is important to co-operate with the programme deliverers on site and to 
further develop the injury prevention programmes to be more widely adopted in 
the grassroots level. Proper modifications to these programmes requires informed 
decision making and regular education in injury prevention; NMT warm-up needs 
to be systematic and regular in weekly use and the exercises done with fidelity. 

The awareness of injury prevention in youth team sports has fortunately gained 
much more ground in the recent years. There already was a reasonable amount of 
evidence of the beneficial effect of NMT training on injury prevention in youth 
team sports during the time of the follow-up period in the current study. Thus, the 
unintentional use of NMT methods in the control group, or the contamination of 
the intervention, was likely. This was evidenced by the majority of the control team 
coaches reporting the use of NMT methods similar to the study warm-up 
programme in their weekly training. However, the studied NMT warm-up 
programme was found to have a beneficial effect in the rate of acute noncontact 
LE injuries, suggesting that NMT truly was either more common or of better 
quality in the intervention group. Hip muscle exercises were the least performed 
component of the study warm-up in the control teams indicating that emphasis to 
the importance of neuromuscular control in the hip should be made in future 
coach education. Accounting that there really were similarities in the warm-up 
training of the intervention and control groups, the most relevant difference 
between the groups obviously was the more regular, systematic, and structured 
execution of the NMT in the intervention group, which is the key issue to achieve 
the injury preventive effect. 

6.5 Future research and clinical perspectives 

It seems to be established across the research field that the injury burden in youth 
team sports is significant, and that NMT methods are effective in the prevention of 
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injuries. There is now increasing evidence of this even in children and young 
adolescents, and thus, effective injury prevention strategies are needed to be 
implemented early in childhood. In children’s football, at least two NMT warm-up 
sessions included in weekly practice is recommended. How to succeed in efficient 
implementation remains a priority for future research. More studies on the 
epidemiology and prevention of overuse injuries with modern methods are also 
warranted. Fortunately, most of the injuries are mild in severity and football can be 
considered as a safe hobby for children. 

Successful implementation of injury prevention programmes already in a 
controlled trial setting seems difficult as declining adherence rates have been 
reported. (Hägglund et al., 2013; Soligard et al., 2010b; Steffen et al., 2008) Further 
implementing these programmes into a real-life environment is a complex task. 
(Finch & Donaldson, 2010; Owoeye et al., 2018a) Future research should continue 
to test and facilitate the adoption and maintenance of proven injury prevention 
programmes outside controlled trial settings. Sports clubs, associations and the 
communities are key in this implementation process. (Emery, Hagel & 
Morrongiello, 2006b; Keats et al., 2012) 

From the four steps in the sequence of injury prevention, It would be wise to 
look one step further and switch the focus into innovating efficient strategies to 
improve the long-term maintenance of injury prevention measures. (Emery & 
Pasanen, 2019; Owoeye et al., 2018a) Adherence to the provided interventions 
should not be seen only as a modifying factor for the injury risk in controlled trials, 
but also as an individual outcome measure that is valuable in itself in future 
research. Identifying the facilitators and barriers of implementation are major 
challenges for researchers here on. Why, how and which parts of injury prevention 
programmes are taken into use, and how they are applied, are the main questions 
to be answered. Fieldside attitudes as well as beliefs of the players, coaches and 
parents matter and should be taken into account. Physiotherapist-led workshops 
would seem a cost-efficient way to provide education and practical skills to the 
programme deliverers among youth team sports. (Rössler et al., 2019) 

The burden of overuse injuries thus far acknowledged seems to account for 
only the tip of the iceberg of the true burden. (Clarsen, Myklebust & Bahr, 2013) 
The process of a gradual-onset overuse injury is not dichotomous but a continuum, 
and the way of thinking injuries beyond time-loss from sports is essential in order 
to be able to provide timely treatment when needed. From this perspective, it 
would be justified to reconduct injury prevention trials and to reassess the efficacy 
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of previously proven injury prevention strategies on overuse injuries in youth team 
sports settings. 

Lastly, the injury burden in youth team sports should be respected, but not 
feared. Striving for a brighter injury-free future is of great importance, but most of 
the injuries in children’s football are already mild in severity. Most times, the child 
overcomes the adversity with reasonable effort, and may possibly learn something 
in the process. Overall, youth team sports teach children a lot from teamwork and 
sportsmanship, and set the direction for a physically active lifestyle. Even in the 
current level of injury burden, injuries should not discourage children or their 
families from participating in team sports. We should continue to promote 
organised sports participation in the youth. 
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7 CONCLUSIONS 

The main conclusion in reference to the general aim of the study is that acute 
noncontact LE injuries in children’s football can be prevented with NMT warm-
up. Conclusions in reference to the original specific aims of the study are as 
follows: 

1. The overall acute injury rate is moderately high and ankle injuries are the 
most common injuries children’s U11–U14 football. Females are almost 
twice as likely to suffer from ankle injuries in comparison to males. Also, 
noncontact injuries form a major part of all injuries. The high injury rate 
warrants for more effort into injury prevention in football even early on 
adolescence. The high rate of noncontact injuries suggests that improving 
the players’ neuromuscular control could be an effective injury prevention 
strategy. 

2. NMT warm-up operated by team coaches is effective in preventing 
acute noncontact LE injuries in children’s U11–U14 football. Football 
coaches, sporting organisations and the community level are encouraged 
into engaging NMT warm-up methods for their efficacy in acute 
noncontact LE injury prevention. 

3. Overuse LE injuries are prevalent in children’s U11–U14 football: one in 
ten players report symptoms of these injuries every week. NMT warm-up 
does not effectively reduce the prevalence of overuse LE injuries. Despite 
the ineffectiveness regarding overuse LE injuries, NMT is recommended 
to be included in weekly training in children’s football for its established 
efficacy in the prevention of acute injuries. 

4. Overall, children’s football teams adhered to a NMT warm-up with a 
satisfactory adherence in a controlled trial setting. 
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5. High adherence from teams to NMT warm-up prevents acute 
nonconctact LE injuries but does not affect to the prevalence of overuse 
LE injuries. A minimum of two weekly NMT warm-up sessions is needed 
for the greatest injury preventive effect. 

6. The use of neuromuscular injury prevention exercises was common also 
in the control group, where 74% of control teams reported the use of 
similar exercises as in the studied NMT warm-up programme. 

7. All intervention team coaches considered the NMT warm-up beneficial 
and most teams maintained the use of the exercises six months after the 
follow-up period. Based on the combination of positive attitudes from 
team coaches and the observed satisfactory adherence to the NMT warm-
up during follow-up, NMT warm-up can be viewed to have good potential 
for wide implementation in children’s weekly football training. 
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Females sustain more ankle injuries than males in youth football 

 

ABSTRACT 
 

This prospective study evaluated the incidence and pattern of acute injuries in youth (9- to 14-year-

old) football players. Ten football clubs [n=730 players (567 males, 163 females)] participated in the 

20-week follow-up study (January–June 2015). Data was collected by sending standardized weekly 

SMS to players’ parents/guardians with follow up interviews for injured players. During the study 

period, 278 players (38%) sustained 410 acute injuries. The overall injury incidence for males and 

females was 6.47 (95% confidence interval (CI), 5.84–7.09) injuries per 1000 hours of football 

exposure. Most injuries (40%) caused minimal absence from sports. Eighty-four percent of the 

injuries affected the lower extremities, ankle (30%), knee (17%) and thigh (16%) being the most 

commonly injured body sites. Females had significantly higher ankle injury rate (IRR) 1.85 (95% CI, 

1.18–2.91, p=0.007) and non-contact ankle injury rate IRR 2.78 (95% CI, 1.91–4.02, p<0.001). In 

conclusion, our results showed that the acute injury incidence among youth football is moderately 

high, and females are at higher risk for ankle injuries. Injury prevention programs aimed atpreventing 

ankle injuries should be considered in the future.  

Keywords: football, epidemiology, acute injury, sports injury, youth 

1 INTRODUCTION 

Football is the most popular team sport in Finland. The Football Association of Finland has 917 

registered clubs with about 140 000 licensed players. From these, the number of young players �14 

years is approximately 98 000, 24 000 are females (Football Association of Finland 2018) [1].  

Football is a high-intensity interval sport combining speed, agility, strength and endurance. Benefits 

of regular participation in football include increased physical activity and improved social skills in 

children [2-5]. However, playing football does have a moderate risk for injury, with the knee, ankle 

and thigh being the most commonly injured body parts [6–8]. 

Several studies have evaluated the injury profile in youth (players under 19 years old) football players 

[9–17]. However, the number of prospective studies on football injuries in youth is low [2], and to our 

knowledge only three studies have examined injuries in players under 14 years [6–8]. Furthermore, 

only two of these studies [6, 8] collected player exposure hours to describe incidence rates (IR) as the 



number of injuries per 1000 h. According to one of these earlier studies [6] the overall time-loss injury 

incidence in youth football was 2.2/1000 h of exposure (95% confidence interval (CI), 1.8–2.6) in 

males and 2.0 (CI 1.4–2.5) in females. This study used monthly data collection, where all the injuries 

during the previous month were collected by means of a physical therapist’s telephone and/or email 

interview. Another study [8] collected injuries on a weekly basis through team coaches and reported 

an injury incidence of 0.61 injuries per 1000 practice hours (95% CI, 0.53–0.69) and 4.6 injuries (95% 

CI, 4.0–5.2) per 1000 game hours. Studies using injury collection based on team coaches’ or medical 

staff’s reports might underestimate overall injury incidence [18]. A player-based data collection has 

shown to increase the accuracy of reported injury incidence rates in team sports [18]. Previous studies 

have reported good response rates using a short message service (SMS) as a tool for injury 

surveillance [19, 20]. Hence, studies with weekly data collection through players and their parents 

among youth football are needed. 

Although football is one of the world’s most popular sport among youth, there is a paucity of studies 

evaluating acute injuries in youth football. Prospective epidemiological data on incidence, severity 

and causes of acute injuries is needed when developing injury prevention strategies [21]. This study 

aimed to investigate the incidence rate and characteristics of acute (traumatic) injuries among youth 

female and male football players, and to compare lower extremity injury risk between sexes. 

2 MATERIALS AND METHODS 

2.1 Study design and participants 

This was a prospective injury surveillance study conducted in Finland during 2015. The cohort of this 

study consisted of the control arm of a randomized controlled trial (RCT) to investigate the effect of 

neuromuscular training warm-up for prevention of lower extremity injuries in youth football 

(ISRCTN14046021). The study was carried out in Sami Hyypiä Academy (SHA), the national 

training and research centre of Finnish football. Every second year, the SHA selects youth clubs from 

Finland to participate in the player development monitoring programme in which 9-14-year-old 

talented males and females participate on a three-day player monitoring event twice a year. In August 

2014 twenty SHA clubs were invited to take part in the RCT (January–June 2015). Ten clubs (48 

teams, n=737) of the control arm of the RCT not involved in prevention intervention were entered 

the current study (Figure 1). Players who were official members of the participating team and injury-

free (able to participate team practices and games) at the onset of the study were eligible to participate. 

The final participation was based on an informed consent of each player and parent/guardian. The 

study was approved by the ethics committee of the Pirkanmaa Hospital District, Tampere, Finland 



(ETL code R13110), and performed in agreement with the ethical guidelines of the International 

Journal of Sports Medicine [22]. 

2.2 Data collection 

The players completed baseline questionnaires and measurements (body mass and height, [Seca 

Gmbh & Co. kg. 22089 Hamburg, Germany]) during their team’s monitoring event in fall 2014 

(September 2014 to January 2015). The baseline questionnaire included questions about age, sex, 

starting age, and previous/current injuries. Exposure hours were recorded per training and games 

separately. The players kept training diaries (number and length of sessions) as a part of the SHA 

programme and the data was collected by the SHA monthly. If player’s practice hours were missing, 

the values were replaced with the average of her/his teams’ practice hours. The time of exposure to 

football games was calculated for entire teams. The Finnish competitive season 2015 started in 

March-April and the game data was achieved from SHA game diaries (for wintertime exposure) and 

from the Finnish Football Association archives (for on-season exposure). Only the number of played 

games were attained from the data and therefore game exposure in hours for each team was estimated 

using standard game durations (from 20 to 80 minutes) for each age group and number of players on 

the pitch (8 to 11). 

 

Injury registration was carried out by SMS. During follow-up, the player’s parent/legal guardian 

received a weekly SMS regarding new injuries: “Has your child had any musculoskeletal complaint 

or injuries during the previous seven days (yes/no).” After each reported injury, a study 

physiotherapist contacted the injured player and/or parent/legal guardian and collected details of the 

injury by a standardized phone interview.  

Injury definitions and recording of injuries were done according to the established consensus article 

on football injury research [23]. An injury was determined as ‘any physical complaint sustained by a 

player that results from a football match or training, irrespective of the need for medical attention or 

time loss from football activities.’ A recurrent injury was defined ‘an injury of the same type and at 

the same site as an index injury and which occurs after a player's return to full participation from the 

index injury‘. The player was defined as injured until being able to train and play normally again. 

Location of injury, injury circumstances and mechanism, treatment and diagnosis (if available), time 

loss from sport, and whether the injury was a first-time or a recurrent injury were registered. The 

mechanisms of injury were reported as contact (direct contact to the injured body region) or non-

contact (no direct contact to the injured body region) [24]. Only acute injuries that resulted from a 



specific identifiable event or trauma [23] were included in the analysis. Overuse injuries have been 

reported elsewhere [25]. The severity of an injury was defined as time-loss from full participation in 

training and playing: slight (0 days), minimal (1–3 days), mild (4–7 days), moderate (8–28 days), 

severe (>28 days), and career ending injury (injury causing the player stop playing football totally or 

forcing the player to play at a lower level) [23].  

2.3 Statistical analyses 

 

Data was analysed using Stata Statistical Software, release 15 (StataCorp LLC, College Station, TX 

USA). Baseline characteristics (age, sex, height, weight and playing years) were described as means 

and standard deviations (SD) (Table 1). Injury incidence rates were expressed as the number of 

injuries per 1000 practice and game hours. Because of overdispersed data, negative binomial 

regression was used instead of Poisson regression. In the model, the number of injuries was the 

outcome and the exposure hours per player were considered by adding the exposure option 

corresponding to the length of time a player was followed to adjust the negative binomial regression 

estimates. Sex was included as an explanatory variable into all models and, in multivariate models, it 

was adjusted for the potential factors (age, weight, and height as continuous variables) associated 

with having acute injuries. Multicollinearity between explanatory variables was not detected. 

Intragroup correlation between players in same club was taken into account by calculating cluster-

robust standard errors [26]. The results are expressed as incidence rate ratios (IRRs) with their 95% 

CIs and p-values. 

3 RESULTS 

Follow-up data were obtained from 730 players, where the average response rate to the weekly survey 

was 95%. Altogether, 51 players (7%) dropped-out during the intervention period due to reasons 

specified in Figure 1. Data collected from drop outs were included from the time they participated. 

During the 20-week follow up, a total of 63405 hours of football exposure (8145 hours in games and 

55260 hours in practices) were recorded. In total, 278 players sustained a total of 410 injuries: 22% 

(n=89) of these occurred in females and the remaining 78% (n=321) in males (Table 2). The overall 

injury incidence rate per 1000 hours of football exposure for both sexes was 6.47 (95% CI, 5.84–

7.01) being 25.91 (95% CI, 22.41–29.40) in games and 3.60 (95% CI, 3.10-4.10) in practices. 

Females had an overall incidence rate of 7.20 (95% CI, 5.71–8.70) per 1000 hours of football 

exposure, whereas males had an overall incidence rate of 6.29 (95% CI, 5.60–6.98) per 1000 hours 



of football exposure. Altogether, 38% of the players had at least 1 injury during the 20-week follow-

up. During the follow-up, 374 injuries (91%) were new and 35 (9%) were recurrent.  

3.1 Injury location and mechanism 

The majority of the acute injuries (84%) affected the lower extremity. Most commonly injured body 

regions in the players were the ankle (30%), knee (17%) and thigh (16%) (Table 2). Overall injury 

incidence in games and practices was 25.91 (95% CI 22.41–29.40) and 3.60 (95% 95 CI 3.10–4.10), 

respectively. Contact accounted for 63% of all injuries and 37% were non-contact injuries. Majority 

of the hip/groin (86%) and thigh injuries (72%) were non-contact injuries and 50% of the ankle and 

36% of the knee injuries occurred in non-contact situations. 

3.2 Injury severity 

 

The severity of injuries is presented in Table 3. Lower extremity injuries were more severe than 

injuries at other sites. The majority of injuries (n=166, 40%) were of minimal severity and mean time-

loss from full participation in football practice was 8 days (95% CI 6.49–8.99). Severe injuries 

affected most commonly knee and ankle. Seven percent of knee injuries (n=5) were severe and caused 

on average 50 days of time-loss (95% CI 28.0–71.6). Of all ankle injuries, 4% (n=5) were severe 

(mean time-loss 48 days, 95% CI 10.0–86.4).  

 

3.3 Sex differences 

Total of 277 players (38%), including 37% of the females and 38% of the males, had at least 1 injury 

during the 20-week follow-up. The most commonly injured body parts in both sexes were ankle, knee 

and thigh, but some sex differences were observed: hip/groin and hand/finger injuries were more 

prevalent in males (Table 2). Ten percent of females and twelve percent of males sustained recurrent 

injuries. 

3.4 Injury risk factors 

Females had significantly higher ankle injury rate (IRR 1.85, 95% CI 1.18–2.91, p=0.007) and non-

contact ankle injury rate (IRR 2.78, 95% CI 1.91–4.02, p<0.001) compared to males (Table 4). No 

significant association was observed between age or body mass and lower extremity injuries. Each 1 

cm increase in height led to a decrease of 3% in the rate of lower extremity injuries.  



 

 

4 DISCUSSION  

The aim of the study was to examine the occurrence and characteristics of acute injuries in young 

players aged 9–14 playing the Finnish National program. The key finding was the high rate of injuries 

in 9- to 14-year-old players in football, while game-injury incidence was 25.91 (95% CI 22.41–29.40) 

and training-injury incidence was 3.60 (95% CI 3.10–4.10). The overall injury incidence rate was 

6.47 (CI 5.84-7.09) and 38% of the players had at least 1 acute injury during the 20-week follow-up. 

Moreover, a relatively high proportion of all injuries were non-contact injuries.  

According to our findings, the overall injury incidence seems high when compared with two earlier 

studies evaluating injuries in children’s football [6, 8] that reported much lower overall incidences of 

2.12 and 1.06 per 1000 h during 1 season and over 2 seasons follow-up, respectively. However, these 

results are not directly comparable to earlier studies [6, 8] because of differences in injury definitions 

and data collection methods. Furthermore, our study used weekly SMS messages to ask players’ 

guardians for possible injuries that week. This method might have yielded more complete reporting 

of injuries, such as slight injuries, when compared with monthly or more traditional approaches such 

as email, injury diaries, self-driven proactive reporting, or having sought medical attention, whereby 

injuries that caused the player to miss 1 day or more of game or training sessions were reported [6, 

8].  

The injuries in this study affected mostly the lower extremities, more specifically the ankle (30%), 

knee (17%) and thigh (16%) being in concordance with earlier studies [6–8] evaluating injuries in 

children’s football. Most injuries (40%) were minimal causing 1-3 days of time loss from games or 

practices. This is in line with earlier studies in which the majority of injuries have caused less than 

one-week time loss from football [6–8]. In our study, only 6% of the injuries were severe resulting in 

absence of over 28 days, which is in agreement with the earlier results of children’s football [6]. 

However, it is difficult to compare the injury rates to earlier studies because of the differences in 

injury definitions, data collection methods, and the duration and timing (on-season/off-season) of 

follow-up period. In our study, the injury severity was classified into 6 different categories according 

to the consensus for injury reporting in football [23], whereas another study [6] used 3 different injury 

severity categories (minor 1–7 days, moderate 8–21 days and major >21 days). 



One previous study [8] has reported that 21% of the injuries were non-contact injuries. In our study, 

an even larger percentage (37%, IR 2.41, 95 % CI 2.03–2.80) of injuries occurred without contact. 

By injury site, the highest relative number of non-contact injuries occurred in the ankle (50%, IR 

0.66, 95% CI 0.46–0.82), thigh (72%, IR 0.66, 95% CI 0.46–0.82), hip/groin (86%, IR 0.39, 95% CI 

0.24–0.55) and knee (36%, IR 0.28, 95% CI 0.15–0.42). Neuromuscular training has been found to 

be effective in reducing the risk for non-contact lower extremity injuries in different sports [27–33] 

and also in children’s football [29, 31]. Based on our results, large-scale implementation of 

neuromuscular training in youth football is needed. In addition, as the number of non-contact ankle 

injuries was high, ankle-specific prevention programmes should be considered in future studies. 

There were some differences in injury incidences and characteristics between females and males. 

Females were 42% more likely to have ankle injuries compared to males which corresponds to one 

previous study of injury differences in male and female football players [35] and a high rate of ankle 

injuries in young female football players in general [34–36]. According to our study, females showed 

a higher overall injury likelihood as did some earlier studies in which female sex was also associated 

with a higher likelihood of sustaining football injuries in general [37] and during training [38]. Neither 

age nor body mass were associated with the likelihood of lower extremity injuries in females and 

males. Increasing height by 1 cm was associated with a 3% decreased likelihood of having lower 

extremity injuries, although some previous studies [8, 34] found that the probability of sustaining an 

injury tended to increase with age and height [38]. However, our results showed that the difference 

in likelihood is minimal, and further research about risk factors for football injuries in young players 

is needed. 

This study had several strengths. This was a prospective cohort study with 5-month follow-up. The 

sample size was considerably large and representative both geographically (players all over Finland) 

and by sex (22% girls). Furthermore, we had a very low drop-out rate (7%). The response rate of 

weekly reporting was high (95%). The use of SMS data collection might have lowered the threshold 

for reporting injuries and consequently might have led to higher and more reliable injury incidences. 

We recommend the extended use of these data collection methods in future research. 

The main limitation of the study is missing individual game exposure data. The game exposure 

(number of games per each team, length of games, number of players on the field) was achieved from 

the SHA and the Finnish Football Association and was calculated for entire teams. A second 

limitation was that we did not perform a clinical examination of the injured players to assure 

diagnoses. Most of the injuries (74%) were treated at home. After each reported injury, a study 



physiotherapist contacted the injured player and/or parent/legal guardian and registered details of the 

injury by a standardized phone interview. Third, our study was carried out during the spring season 

from January to June when players are mainly playing and practicing either on artificial turf or on 

different indoor playing surfaces. Different playing surfaces and the timing of the study period (early 

in Finnish football season) might have influenced on the injury incidence.  

In contrast to earlier studies [8, 39, 40], we almost missed seeing concussions during follow-up as 

only one concussion was reported. The amount of head injuries that we reported (2% of all injuries) 

is lower than the results achieved in some earlier studies [8, 39], where head injury frequencies of 6% 

and 15% of all injuries were observed, respectively. It is possible that players’ guardians did not 

report injuries affected to the head area as the weekly SMS implied specifically to “musculoskeletal 

complaint or injuries”. Hence, the low rate of head injuries in our study should be interpreted with 

caution.  

In conclusion, this prospective study showed that the overall acute injury incidence is high and ankle 

injuries are the most common injuries in 9- to 14-year-old football players. Females were almost 

twice as likely to have ankle injuries compared with males. The high injury incidence observed in 

this study warrants for more focus on injury prevention in children’s football.   
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Figure 1. The study population included the control arm of a RCT

Invited to participate 

(10 clubs; 48 teams)

Agreed to participate

(10 clubs; 48 teams; 737 players)

Excluded (7 players with no follow-up data)

Dropout (51 players)

withdrawn, n=2
quit playing football, n=6

changed team, n=1
acute injury rest of follow-up, n=15

overuse injury, n=11
unknown reason, n=16

Analysed 

(10 clubs; 48 teams; 730 players)



Table 1. Baseline characteristics of the players (n=730) organised by age group classification (yr, 

Mean±SD). 

Age group n Age (yr), SD Height (cm), SD Body mass (kg), SD Starting age (yr), SD 

Males 567 12.3 (1.1) 151.7 (10.0) 41.2 (8.7) 5.4 (1.3) 

9-10 94 10.6 (0.3) 142.3 (6.3) 34.2 (4.9) 5.3 (1.2) 

11 146 11.6 (0.3) 147.5 (6.3) 37.8 (5.4) 5.3 (1.2) 

12 156 12.6 (0.3) 153.5 (7.9) 41.9 (6.5) 5.6 (1.4) 

13-14 171 13.6 (0.3) 160.6 (8.5) 48.7 (9.2) 5.4 (1.2) 

     
 

Females 163 12.4 (1.1) 151.6 (9.2) 41.6 (7.7) 6.7 (1.5) 

9-10 21 10.6 (0.3) 140.3 (3.9) 33.2 (4.0) 6.0 (1.4) 

11 39 11.6 (0.3) 146.9 (6.2) 37.8 (5.2) 6.5 (1.1) 

12 50 12.5 (0.3) 156.3 (6.1) 45.1 (6.8) 6.8 (1.5) 

13-14 53 13.6 (0.3) 159.7 (5.3) 47.9 (5.0) 7.1 (1.7) 

  



Table 2. Number and incidence (per 1000 hours of football exposure) of acute injuries and incidence 

rate ratio (IRR) with 95% confidence interval (CI) and exposure time (h) for male and female football 

players 

 All players 

(n=730) 

Male 

(n=567) 

Female 

(n=163) 

  

 Injuries 

n (incidence)‘ 

Injuries 

n (incidence)‘ 

Injuries 

n (incidence)‘ 

Males vs. Females 

IRR (95% CI) 

 

p-value 

All injuries 410 (6.47) 321 (6.29) 89 (7.20) 0.86 (0.64-1.17) 0.34 

Game injuries 211 (25.91) 159 (24.67) 52 (30.59) 0.73 (0.51-1.05) 0.90 

Training injuries 199 (3.60) 162 (3.63) 37 (3.47) 1.05 (0.63-1.74) 0.86 

Injury location      

Ankle 121 (1.91) 86 (1.68) 35 (2.83) 0.58 (0.35-0.96) 0.033 

Knee 70 (1.10) 55 (1.08) 15 (1.21) 0.89 (0.55-1.44) 0.63 

Thigh 65 (1.03) 52 (1.02) 13 (1.05) 0.97 (0.30-3.09) 0.95 

Foot/ toe 31 (0.49) 26 (0.51) 5 (0.40) 1.25 (0.60-2.61) 0.55 

Lower leg/achilles 30 (0.47) 24 (0.47) 6 (0.49) 0.97 (0.42-2.24) 0.94 

Hip/groin 29 (0.46) 26 (0.51) 3 (0.24) 2.09 (0.51-8.65) 0.31 

Lower back/ 

pelvis/sacrum 24 (0.38) 19 (0.37) 5 (0.40) 0.92 (0.57-1.47) 0.72 

Hand/finger 12 (0.19) 11 (0.22) 1 (0.08) 2.64 (0.34-20.6) 0.35 

Upper back/neck 8 (0.13) 6 (0.12) 2 (0.16) 0.73 (0.11-4.67) 0.74 

Wrist 7 (0.11) 6 (0.12) 1 (0.08) 1.44 (0.15-13.8) 0.75 

Shoulder/clavicula 4 (0.06) 2 (0.04) 2 (0.16) 0.24 (0.09-0.65) 0.005 

Upper extremity 4 (0.06) 4 (0.08) 0 NA NA 

Chest/rib 3 (0.05) 3 (0.06) 0 NA NA 

Head/face 2 (0.03) 1 (0.02) 1 (0.08) 0.24 (0.01-4.57) 0.34 

Exposure, h      

Total exposure 63404.46 51050.42 12354.03   

Game exposure 8144.76 6444.96 1699.80   

Training exposure 55259.70 44605.46 10654.23   

*Upper extremity consisted upper arm, elbow and forearm 

‘Absolute number of injuries (incidence: number of injuries per 1000 hours of football exposure) 

‘NA= Not available 
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Neuromuscular Training Warm-up Prevents
Acute Noncontact Lower Extremity
Injuries in Children’s Soccer

A Cluster Randomized Controlled Trial
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Investigation performed at Tampere Research Center of Sports Medicine, UKK Institute for Health
Promotion Research, Tampere, Finland

Background: Prevention of sports injuries is essential in youth, as injuries are associated with less future physical activity and thus
greater all-cause morbidity.

Purpose: To investigate whether a neuromuscular training warm-up operated by team coaches is effective in preventing acute
lower extremity (LE) injuries in competitive U11-U14 soccer players.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: Twenty top-level U11 to U14 soccer clubs in Finland were randomized into intervention and control groups and
assessed for 20 weeks. Participants included 1403 players (280 female, 1123 male; age range, 9-14 years): 673 players (44
teams) in the intervention group and 730 players (48 teams) in the control group. The intervention group team coaches were
introduced to a neuromuscular training warm-up to replace the standard warm-up 2 to 3 times per week. The control teams were
asked to perform their standard warm-up. Injury data collection was done via weekly text messages. The primary outcome
measure was a soccer-related acute LE injury, and the secondary outcome measure was an acute noncontact LE injury.

Results: A total of 656 acute LE injuries occurred: 310 in the intervention group and 346 in the control group. The overall acute LE
injury incidence was 4.4 per 1000 hours of exposure in the intervention group and 5.5 per 1000 hours of exposure in the control group,
with no significant difference between groups (incidence rate ratio [IRR], 0.82 [95% CI, 0.64-1.04]). There were 302 acute noncontact
LE injuries: 129 in the intervention group (incidence, 1.8 per 1000 hours) and 173 in the control group (2.7 per 1000 hours). A significant
reduction in acute noncontact LE injuries of 32% (IRR, 0.68 [95% CI, 0.51-0.93]) was observed in the intervention group compared
with the control group. Furthermore, significant reductions in injury incidence in favor of the intervention group were seen in the
subanalyses of acute noncontact LE injuries, leading to �7 days of time loss and fewer ankle and joint/ligament injuries.

Conclusion: A neuromuscular training warm-up operated by team coaches was found to be effective in preventing acute non-
contact LE injuries in children’s soccer, but this was not seen in all acute LE injuries.

Clinical Relevance:We encourage children’s soccer coaches and health care professionals to implement neuromuscular training
warm-up in youth sports.

Registration: ISRCTN14046021 (ISRCTN registry).

Keywords: injury prevention; neuromuscular training; soccer; children

Soccer is broadly beneficial for overall health,19 but there is a
downside to participation in the sport—an increased risk of
injury.5,6,13 Severe and recurrent sports injuries are

associated with decreased future physical activity and, con-
sequently, a greater risk for all-causemorbidity, obesity, and
posttraumatic osteoarthritis.9,22 Injuries in youth sports are
a public health concern that requires special attention.4

Muchresearchhasbeendoneregardingsoccer injuriesand
their prevention in youth (U19) and adult players. There is,
however, a paucity of literature evaluating injury prevention
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in children’s (U14) soccer. Injury rates in children’s soccer
range from moderate to high when compared with those in
other sports17,21 but are 3 to 7 times lower when compared
with those in adult elite soccer.2,7,24 Added to the incidence,
the severity of injuries also increases during maturation.7

Injury types seem to bemore or less similar between children
and youth players, as most of the injuries are classified as
contusions, sprains, and strains.6,24 Previous injuries seem
to be a significant risk factor for both reinjuries and new
injuries in the youth and adult settings.3,12,14,16

Several high-quality randomized controlled trials (RCTs)
have shown that neuromuscular training (NMT) can prevent
lower extremity (LE) injuries in youth and adult soc-
cer3,10,15,25-27 and in other team sports.18,20 However, the
number of injury prevention studies in soccer players youn-
ger than 14 years of age is very limited. To our knowledge,
only 2 previous studies have investigated the effects of a spe-
cific NMT warm-up to prevent injuries in children’s soccer
(ages 7-12 and 7-14 years, respectively).23,28 These studies
used the International Football Federation (FIFA) targeted
injury prevention program for children (FIFA 11þKids) and
reported48%23and50%28 loweroverall injury incidencerates
in the intervention groups compared with the control groups
having their standard-of-practice warm-up.

Considering the little knowledge available on the effec-
tiveness of injury prevention in this young soccer popula-
tion, our aim was to examine whether an NMT warm-up
can reduce the risk of acute LE injuries in Finnish children
(U11-U14) soccer players. Our hypothesis was that the
NMT warm-up program would reduce the acute LE injury
rate in youth soccer players.

METHODS

Study Design and Participants

This study was a 2-armed cluster RCT. The study was
approved by the ethics committee of our institution, and
we followed and completed the CONSORT (Consolidated
Standards of Reporting Trials) checklist.1

The Sami Hyypiä Academy (SHA) selects 20 competitive
youth soccer clubs across Finland every other year to par-
ticipate in a player development process. As part of this

process, female and male youth soccer players (aged 9-14
years) participate in 2 monitoring events during the year.

We invited all 20 SHA soccer clubs (92 teams; n ¼ 1643
players) to participate in this study, and all clubs and teams
agreed. Every player who was an official member of the
participating teamwas eligible to enter the study. Informed
consent from each player and his or her parent or legal
guardian was required for final participation in the study.

A total of 1424 players agreed to participate. Of these, 6
playerswereexcluded forhavinganongoing injurybefore the
study onset that prevented them from participating in team
practices and games. Of the 1418 players entering the study,
15 players who stopped playing on the participating teams
before the follow-up were excluded from the analysis. A total
of 98 players (7%) withdrew from participation during the
study. Data from these players were included in the analyses
for the time they participated. Thus, the final sample con-
sisted of 1403 players (673 in the intervention group, 730 in
the control group). The flow of participants through the study
following the CONSORT guidelines is shown in Figure 1.

The randomization of participating clubs into intervention
and control groups was performed by a statistician who had
no further involvement in the study. Twenty clubs from 13
cities were randomized into either an intervention or a control
group with the home city of the club as the unit of randomi-
zation: all clubs from the same city were assigned to the same
group. Cities with several clubs (n ¼ 1), with 2 clubs (n ¼ 4),
and with only 1 club (n ¼ 8) were allocated in different ran-
domization blocks. These 3 blocks were randomized sepa-
rately into 2 groups with the condition that the number of
clubs would be even (10 clubs each). Both groups were given
a computer-generated random number, and the group with
the greater number was assigned as the intervention group
following the concealment-of-allocation principle.

Intervention

The intervention took place in 2015 between January and
June (20 weeks). Coaches from the intervention group
attended a prestudy workshop (3-hour duration) led by the
research team (January 2015) at which they were intro-
duced to the NMT warm-up program and data collection
methods. In addition, each coach received a tablet computer
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with filmed demonstrations of the exercises and a PDF book-
let detailing how to complete individual exercises in team
practices. Components of the NMT warm-up were derived
from an NMT program previously implemented and tested
in floorball,20 a team sport containing similarities to soccer
in movement patterns. The NMT warm-up consisted of 7
different exerciseswith progression and variations of diverse
difficulty focusing on the players’ motor skills andmovement
quality (Appendix Figure A1). The teams in the intervention
groupwere asked to substitute their standard warm-up with
the NMT warm-up 2 to 3 times per week (20 minutes each).
Teams in the control group attended a prestudy meeting (1
hour) led by the research team (January 2015) at which they
were introduced to the data collection methods and were
asked to continue their usual warm-up routines during the
study period.

During the intervention, the research teammembers vis-
ited each intervention team 2 to 3 times to support and help

coaches with the intervention training and to facilitate
proper technique and progress of the NMT warm-up exer-
cises. In addition, unannounced checkups were conducted
at the control clubs for evaluating the warm-up routines
during the study period. After the study, the control clubs
received the same coach workshop and NMT warm-up
program as the intervention clubs did.

Outcome Measures

The primary outcome measure was an acute soccer-related
LE injury. The secondary outcome measure was an acute
noncontact soccer-related LE injury.

The definition of injury used in this study was according
to Fuller and colleagues8: any physical complaint sustained
by a player that resulted from soccer training or playing,
irrespective of the need for medical attention or time loss
from soccer activities. This sensitive definition was chosen

Assessed for eligibility 
(n=20 clubs, 92 teams; 1643 players)

Excluded (n=225 players)
• Not mee�ng inclusion criteria 

(major injury at baseline) (n=6)
• Declined to par�cipate (n= 219)
• Other reasons (n=0)

Allocated to interven�on (n=681)
• Received allocated interven�on (n=681)

Allocated to control (n=737)

Allocation

Lost to follow-up (n=8 withdrawal from the 
study prior to the start of interven�on)
Discon�nued interven�on (n=47)
• withdrawn, n=1
• quit playing football, n=3
• changed team, n=4
• acute injury rest of follow-up, n=9
• overuse injury, n=19
• unknown reason, n=11

Lost to follow-up (n=7 withdrawal from the 
study prior to the start of interven�on)
Discon�nued follow-up (n=51)
• withdrawn, n=2
• quit playing football, n=6
• changed team, n=1
• acute injury rest of follow-up, n=15
• overuse injury, n=11
• unknown reason, n=16

Follow-up

Enrollment

Randomized 
(n=20 clubs, 92 teams; 1418 players)

Analyzed (n=10 clubs; 44 teams; 673 players)
• Excluded from analysis (n=0)

Analyzed (n=10 clubs; 48 teams; 730 players)
• Excluded from analysis (n=0)

Analysis

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flowchart.
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to cover the whole extent of the injury problem in a youth
population. Players were regarded as injured until they
could fully train and play soccer normally. Injury site was
categorized following the same consensus methdology.8

The severity of an injury was defined as the number of
days injured (time loss from fully training and playing):
slight (0 days), minor (1-3 days), mild (4-7 days), moderate
(8-28 days), severe (>28 days), or career ending (injury
causing the player to stop playing soccer totally or forcing
the player to play at a lower level) injury.8

Data Collection

The baseline player monitoring events for the 92 participat-
ing teams were organized by the SHA within a time frame
of 5 months (September to January). Before their teams’
event, the players together with their parents or guardians
completed a baseline questionnaire including details about
athlete characteristics (eg, age and sex).

Exposurehourswere recorded separately for practices and
games.Theplayerswereasked toreport theirweeklypractice
and game hours once per month. These reports were incom-
plete, and therefore someestimations had to bemade. Teams’
mean practice hours were used as individual exposure and
imputed for participants missing training exposure data
entirely. The time of exposure to soccer gameswas calculated
for entire teams. The total number of games played by each
teamwas collected by the SHA forwinter (January toMarch)
and fromtheFinnishFootball Association for the competitive
season (April to June). Game exposure was calculated using
standard game durations (20-80 minutes) for each age group
and number of players on the field (8-11 players).8

For injury reports, the players’ parents or guardians
received a short message service text regarding possible
injuries each follow-up week: Has your child had any mus-
culoskeletal complaint or injuries during the previous 7
days (yes/no)? After each new injury, a physical therapist
involved in the study interviewed the injured player or his
and her guardian over the telephone using a structured
questionnaire. Four blinded physical therapists were
responsible for the injury data collection.

The coaches in the intervention group recorded their
teams’ NMT warm-up sessions (date and duration). After
the follow-up, the coaches in the control group completed a
questionnaire concerning their teams’ possible injury pre-
vention strategies during the study period.

Power Calculation and Statistical Analysis

The sample size was based on a cross-sectional survey con-
ducted during the previous SHA season (pilot study; n ¼
1400) showing an average seasonal incidence of acute LE
injuries among young soccer players. Our power calculation
for the cluster RCT was based on the assumption that we
would detect at least a 20% reduction3,25 in the incidence of
acute LE injuries from 0.69 injuries in 20 weeks per person
in the control group to 0.55 per person in the intervention
group. We set the statistical power to 0.80, the significance
level to .05, and the coefficient of variation of incidence rate
between clusters (at club level) to 0.05. Thus, we estimated

that we would need to recruit a minimum of 1380 players
from 20 clubs for the entire study.

Statistical analyses were performed using Stata statisti-
cal software Version 15.0 (StataCorp). The outcome vari-
able was set as the incidence of injuries per 1000 hours of
exposure (team practices and games). Because of overdis-
persion, we chose to explain this count variable by negative
binomial regression instead of Poisson regression.
Intragroup correlation among players in the same club was
taken into account by calculating cluster-robust SEs.

Incidence rates were defined as the number of injuries
within the group per 1000 hours of soccer practice and
games. From these incidence rates, we derived incidence
rate ratios (IRRs) and 95% CIs to examine differences
between groups. Adjustments were made by age and sex.
Analyses were performed by the intention-to-treat princi-
ple: all eligible players who were enrolled in study clubs at
the start of follow-up were included in the analysis and
analyzed according to the group to which they were origi-
nally assigned. Both statisticians and the first author
(M.H.) performing the analyses were blinded.

RESULTS

Player Characteristics and Response Rate

The player characteristics for the intervention and study
groups are provided in Table 1. Mean weekly exposure
hours in practice and games were 5.44 in the intervention
group and 4.45 in the control group (Table 1).

The average response rate for the 20 short message ser-
vice messages was 95% (96% and 95% in the intervention
and control groups, respectively). We received responses
from 73% of the players’ parents or guardians each week;
95% responded 15 times or more.

Injury Incidence

During the study period, we recorded a total of 794 acute inju-
ries for 541 individual players. Of these, 17 injuries involved
the head/neck; 62, the upper extremities; 59, the trunk;
and 656, the LEs. The incidence per 1000 hours of exposure
of all acute LE injuries was 4.4 in the intervention group
and 5.5 in the control group (unadjusted IRR, 0.81 [95% CI,
0.63-1.03]; adjusted IRR, 0.82 [95% CI, 0.64-1.04]) (Table 2).

Noncontact Injuries

Significantly fewer acute noncontact LE injuries occurred
in the intervention group: the injury incidence rates were
1.8 and 2.7 per 1000 hours of exposure in the intervention
and control groups, respectively (unadjusted IRR, 0.67
[95% CI, 0.48-0.93]; adjusted IRR, 0.68 [95% CI, 0.51-
0.93]). Significant reductions in the incidence rates were
also seen in the subanalyses of acute noncontact injuries,
and themargins were greatest in joint/ligament injuries (by
38% in the unadjusted model) and in ankle injuries (41%)
(Table 2). There were no differences in the incidence of
contact LE injuries between groups (Appendix Table A1).
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In the sex subgroup analyses, significant differences in
the incidence rate reduction for boys were seen for the
intervention group in all acute noncontact LE injuries as
well as in ankle and joint/ligament injuries. No differences
in the incidence rates were seen in the girls (Table 2).

Injury Severity

The number of injuries was too small for analyzing each
severity group separately. Most acute LE injuries resulted
in a time loss of between 0 and 7 days from soccer (n ¼ 478;
73%), and the patterns of injury severity did not differ
between the groups. Of the acute noncontact injuries, a total
of 199 (66%) caused a time loss of between 0 and 7 days. The
incidence of acute noncontact LE injuries resulting in �7
days of time loss was smaller in the intervention group com-
pared with the control group (unadjusted IRR, 0.66 [95% CI,
0.45-0.97]; adjusted IRR, 0.67 [95% CI, 0.47-0.96]).

Team Adherence

The average number of NMT warm-up sessions was 1.7 per
week in a team throughout follow-up. On an average follow-
up week, 63% of the teams conducted the NMT warm-up at
least twice (Table 3). Adherence to the NMT warm-up was
higher in January than late in the study period. Almost all
(95%) of the teams conducted 1 or more sessions during
more than 75% of the weeks. The mean session length was
25 minutes (range, 10-70 minutes).

A total of 34 of 48 teams (71%) in the control group
responded to the questionnaire considering injury preven-
tive measures during the study period. A total of 25 teams
(74% out of all answers) reported having conducted some

sort of weekly injury prevention strategy bearing similarity
to the NMT warm-up examined in this study. In their
weekly training, most control teams included planks (94%
of the teams who answered), single-leg squats and/or
lunges (82%), and single-leg jumps (82%), while hip muscle
strength training was less popular (41%).

DISCUSSION

Main Findings

In this trial, we examined the effects of an NMT warm-up
on the incidence of acute LE injuries in a large cohort (n ¼
1403) of 9- to 14-year-old children playing soccer competi-
tively. For the main outcome of all acute LE injuries, no
statistically significant between-group difference was seen.
The most important finding in our study was that the inci-
dence of acute noncontact LE injuries was reduced by 32%
in the intervention group compared with the control group.
Statistically and clinically significant reductions in the
injury incidence between the 2 groups were also seen in
many subanalyses of acute noncontact injuries, most
importantly in ankle injuries and joint/ligament injuries.

Currently, a limited number of studies have investigated
injury prevention in children’s soccer. In recent studies, an
NMTwarm-up similar to ours reduced the overall injury risk
in the intervention group by 48%23 and 50%28 among 7- to
12-year-old and 7- to 14-year-old soccer players. In an older
age group (13- to 18-year-old players), other researchers
have observed nonsignificant decreases of 17% to 32% in the
risk for overall LE injuries.3,26,26 In these earlier studies, the
longer follow-up period (range, 4-9 months) might explain
the more conclusive results compared with our study.

We observed that the intervention group had more train-
ing hours compared with the control group. Although we
instructed them to include the NMT warm-up during usual
practice hours, the execution in some of the intervention
clubs might have resulted in an increase in training expo-
sure. This difference in exposure should be addressed as a
confounding factor in the interpretation of the results from
this study: increased exposure might decrease the effect of
the intervention on injury risk seen in the study, although
exposure hours were taken into account in the analysis.

The awareness of injury prevention has also increased
recently, and some NMT means were already in practice
on a regular basis in youth soccer; this “contamination”
makes it more difficult to point out differences. Unfortu-
nately, a national knee injury prevention program led by
the Finnish Football Association took place at the time of
our study, and some control groups took part in it.

The type and severity of injuries we observed were in
concordance with previous research.6,24 The injuries were
mostly classified as mild, as expected when studying a
population this young. Severe injuries, such as tears of the
anterior cruciate ligament of the knee, were absent. In line
with findings in an age-comparable Norwegian soccer
cohort,7 the more severe injuries seem not to come into the
picture until the intensity and speed of play increases dur-
ing maturation toward adulthood.

TABLE 1
Characteristics of Players Receiving Neuromuscular

Training Warm-up (Intervention) and Usual
Training (Control)

Characteristic

Intervention
Group

(n ¼ 673)

Control
Group

(n ¼ 730)
P

Valuea

Age, y, mean ± SD 12.2 ± 1.2 12.3 ± 1.1 .04
Female, n (% within group) 117 (17) 163 (22) .02
Height, cm, mean ± SDb 151.3 ± 10.1 151.7 ± 9.8 .54
Weight, kg, mean ± SDc 41.3 ± 8.7 41.2 ± 8.5 .90
Had previous injuries during

the past 12 mo, n (%)d
299 (44) 291 (40) .98

Had previous orthopaedic
surgeries, n (%)d

72 (11) 63 (8.6) .23

Weekly exposure hoursd 5.44 4.45 <.001

aStatistical tests used were the t test for independent samples for
continuous variables (age, height, weight, and weekly exposure
hours) and the chi-square test for categorical variables (sex, previous
injuries, and previous orthopaedic surgeries). Bolded P values indi-
cate a statistically significant difference between groups (P � .05).

bData available from 578 players from the intervention group
and 569 players from the control group.

cData available from 577 players from the intervention group
and 568 players from the control group.

dPractice and game hours during the follow-up.
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Strengths and Limitations of the Study

The studied intervention was operated by the teams’ own
coaches in their everyday practice and not by study person-
nel. Therefore, the studied NMTwarm-up seems to be appli-
cable for easy implementation in children’s soccer. The
sample studied was large and representative of 9- to 14-
year-old Finnish children playing competitive soccer.
Recruited players were adherent in answering the weekly
injury questionnaire, and the withdrawal rate was low. Both
boys and girls were represented in the study population, and
players in the study were recruited from both big clubs in big
cities and smaller clubs in the periphery of Finland.

A limitation of the study was different recording methods
for practice and game exposure. Players’ practice hours
were collected by the SHA (web-based player diary). Game
exposure was calculated for entire teams based on the num-
ber of games played by the team. Thus, training and game
exposure data were not fully compatible together.

The adherence of the teams to the NMT warm-up toward
the end of the follow-up was inadequate, as the adherence
decreased from 80% in January to 45% in June. The same

TABLE 2
Results of the Negative Binomial Regression Analysis of Acute Lower Extremity Injuries Overall and by Sexa

Intervention Group
(n ¼ 673)

Control Group
(n ¼ 730)

Unadjusted IRR
(n ¼ 1403)

IRR Adjusted for Age and Sex
(n ¼ 1403)

Injury type: overall No. Incidence No. Incidence IRR (95% CI) P Value IRR (95% CI) P Value

All LE injuries 310 4.40 346 5.50 0.81 (0.63-1.03) .09 0.82 (0.64-1.04) .100
Noncontact LE 129 1.80 173 2.70 0.67 (0.48-0.93) .02 0.68 (0.51-0.93) .014
Noncontact ankle 40 0.56 60 0.95 0.59 (0.38-0.93) .02 0.63 (0.44-0.91) .013
Noncontact knee 21 0.30 25 0.39 0.75 (0.48-1.16) .20 0.76 (0.49-1.17) .210
Noncontact joint/ligament 48 0.68 69 1.09 0.62 (0.39-0.99) .04 0.66 (0.46-0.93) .019
Noncontact muscle 57 0.80 77 1.21 0.66 (0.44-1.00) .05 0.68 (0.44-1.04) .072

Intervention Group
(n ¼ 556)

Control Group
(n ¼ 567)

Unadjusted IRR
(n ¼ 1123)

IRR Adjusted for Age
(n ¼ 1123)

Injury type: male No. Incidence No. Incidence IRR (95% CI) P Value IRR (95% CI) P Value

All LE injuries 245 4.00 269 5.30 0.77 (0.59-1.01) .06 0.78 (0.59-1.03) .079
Noncontact LE 97 1.60 129 2.50 0.64 (0.47-0.86) .003 0.64 (0.47-0.88) .006
Noncontact ankle 26 0.43 37 0.72 0.59 (0.39-0.91) .02 0.61 (0.39-0.94) .026
Noncontact knee 17 0.28 20 0.39 0.72 (0.42-1.22) .22 0.71 (0.42-1.21) .210
Noncontact joint/ligament 31 0.51 46 0.90 0.57 (0.37-0.88) .01 0.58 (0.37-0.91) .018
Noncontact muscle 48 0.79 61 1.19 0.67 (0.43-1.03) .07 0.68 (0.43-1.08) .100

Intervention Group
(n ¼ 117)

Control Group
(n ¼ 163)

Unadjusted IRR
(n ¼ 280)

IRR Adjusted for Age
(n ¼ 280)

Injury type: female No. Incidence No. Incidence IRR (95% CI) P Value IRR (95% CI) P Value

All LE injuries 65 6.20 77 6.20 0.98 (0.53-1.80) .95 0.98 (0.53-1.80) .95
Noncontact LE 32 3.00 44 3.60 0.85 (0.38-1.88) .68 0.84 (0.38-1.86) .68
Noncontact ankle 14 1.33 23 1.86 0.70 (0.35-1.42) .33 0.70 (0.35-1.37) .29
Noncontact knee 4 0.38 5 0.40 0.94 (0.48-1.83) .85 0.96 (0.49-1.86) .91
Noncontact joint/ligament 17 1.61 23 1.86 0.86 (0.52-1.42) .55 0.85 (0.52-1.39) .53
Noncontact muscle 9 0.85 16 1.30 0.66 (0.20-2.24) .51 0.66 (0.19-2.25) .51

aThe reference group for the incidence rate ratio (IRR) is the control group. Incidence is per 1000 hours of exposure. Bolded P values
indicate statistical significance (P � .05). LE, lower extremity.

TABLE 3
Adherence to the Neuromuscular Training Warm-up

Programa

Average No. of
Sessions per
Week for a

Team

No. of Teams That
Reached the
Target No. of

Sessions

% of Teams That
Reached the
Target No. of

Sessions

January 2.1 35/44 80
Februaryb 1.6 26/44 61
March 1.8 33/44 75
April 1.5 25/44 57
May 1.6 25/44 58
June 1.2 20/44 45
Mean 1.7 27/44 63

aThe target number of warm-up sessions was 2 or more per
week per team. Fifteen out of 44 teams conducted the target num-
ber of sessions during 75% of the weeks. A total of 42 out of 44
teams conducted 1 or more sessions during more than 75% of the
weeks.

bLow February adherence due to a 1-week national holiday
season.
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patternofdecreasingadherencehasbeenwitnessed inearlier
studies too,11,25 and research on the effective implementation
of injury prevention programs is called for in the future.

We did not allow research team members to monitor and
control the intervention training on a regular basis. Only 2
to 3 random unannounced checkups were conducted for
each club. Thus, adherence to the intervention was deter-
mined largely by each team’s coach only referring to real-
life settings. We hypothesize that with a higher adherence
of the participating teams, this training program would
have become more effective concerning the main outcome
measure of the study, the incidence of the overall acute LE
injuries. Earlier research has reported lower injury inci-
dence among more adherent participants to NMT interven-
tion measures in youth soccer and floorball.11,20,26

Finally, the number of female participants was too low to
point out differences in female-only analyses, and no conclu-
sions can be drawn on between-sex differences based on the
results from this study. Further research in U14 female youth
soccerontheefficacyofNMTin injuryprevention iswarranted.

CONCLUSION

The NMT warm-up operated by team coaches was effective
in preventing acute noncontact LE injuries in children’s soc-
cer, although no difference was seen in the overall acute LE
injury incidence. However, the results of this study advocate
for the beneficial effect of the NMT warm-up in reducing
injury risk in children’s soccer. We encourage soccer coaches
and health care professionals to take grassroots-level action
in the use of NMT warm-up methods.
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15. Hölmich P, Larsen K, Krogsgaard K, Gluud C. Exercise program for

prevention of groin pain in football players: a cluster-randomized trial.

Scand J Med Sci Sports. 2010;20(6):814-821.

16. Kucera KL, Marshall SW, Kirkendall DT, Marchak PM, Garrett WE Jr.

Injury history as a risk factor for incident injury in youth soccer. Br J

Sports Med. 2005;39(7):462.

17. Kujala UM, Taimela S, Antti-Poika I, Orava S, Tuominen R, Myllynen P.

Acute injuries in soccer, ice hockey, volleyball, basketball, judo, and

karate: analysis of national registry data. BMJ. 1995;311(7018):

1465-1468.

18. Longo UG, Loppini M, Berton A, Marinozzi A, Maffulli N, Denaro V. The

FIFA 11þ program is effective in preventing injuries in elite male bas-

ketball players: a cluster randomized controlled trial. Am J Sports

Med. 2012;40(5):996-1005.

19. Oja P, Titze S, Kokko S, et al. Health benefits of different sport dis-

ciplines for adults: systematic review of observational and interven-

tion studies with meta-analysis. Br J Sports Med. 2015;49(7):434-440.

20. Pasanen K, Parkkari J, Pasanen M, et al. Neuromuscular training and

the risk of leg injuries in female floorball players: cluster randomised

controlled study. BMJ. 2008;337:96-102.

21. Radelet MA, Lephart SM, Rubinstein EN, Myers JB. Survey of the injury

rate for children in community sports. Pediatrics. 2002;110(3):e28.

22. Richmond SA, Fukuchi RK, Ezzat A, Schneider K, Schneider G, Emery

CA. Are joint injury, sport activity, physical activity, obesity, or occu-

pational activities predictors for osteoarthritis? A systematic review. J

Orthop Sports Phys Ther. 2013;43(8):515-524, B1-B19.
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APPENDIX TABLE A1
Contact Injuries by Injury Sitea

Intervention Group
(n ¼ 673)

Control Group
(n ¼ 730)

Unadjusted IRR
(n ¼ 1403)

IRR Adjusted for Age and Sex
(n ¼ 1403)

No. Incidence No. Incidence IRR (95% CI) P Value IRR (95% CI) P Value

Hip/groin 2 0.03 4 0.1 0.45 (0.10-1.96) .29 0.43 (0.10-1.86) .26
Thigh 27 0.4 18 0.3 1.35 (0.68-2.70) .39 1.38 (0.69-2.77) .37
Knee 40 0.6 45 0.7 0.79 (0.49-1.29) .35 0.80 (0.49-1.32) .39
Shin/calf/Achilles tendon 20 0.3 19 0.3 0.94 (0.46-1.90) .86 0.94 (0.48-1.86) .87
Ankle 56 0.8 61 1.0 0.82 (0.53-1.26) .37 0.83 (0.54-1.27) .39
Foot/toe 36 0.5 26 0.4 1.25 (0.71-2.20) .44 1.22 (0.71-2.10) .48
Total 181 2.5 173 2.7 0.94 (0.70-1.28) .71 0.95 (0.70-1.29) .75

aIncidence is per 1000 hours of exposure. IRR, incidence rate ratio.
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Abstract
The objective of this study was to examine the effect of a neuromuscular training 
(NMT) warm- up on the prevalence of overuse lower extremity (LE) injuries in 
children's football. Twenty Finnish U11- U14 youth football clubs (n = 1409 play-
ers; females 280, males 1129; age range 9- 14) were randomized into intervention 
and control groups containing 10 clubs each (intervention: 44 teams, n = 676 
players; control: 48 teams, n = 733 players). The intervention group performed 
a structured NMT warm- up operated by team coaches for 20 weeks. The main 
outcome measure was the prevalence of football- related overuse LE injuries and 
injuries were tracked via weekly text messages. The average weekly prevalence 
of overuse LE injuries was 11.6% (95% CI: 11.0%- 12.2%) in the intervention group 
and 11.3% (10.7%- 11.9%) in the control group. The most common anatomical 
locations were the knee (weekly prevalence 6.0% in the intervention group and 
5.7% in the control group) and heel (2.4% and 2.6%). There was no difference in 
the prevalence of overuse LE injuries between the groups: odds ratio (OR) 1.01 
(95% CI: 0.99- 1.03). In conclusion, NMT warm- up was equal to standard practice 
warm- up in preventing overuse LE injuries in children's football during a follow-
 up of 20 weeks.
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1 |  INTRODUCTION

Participation in sports activities such as football is ben-
eficial for overall health but involves a risk for injuries. 
In football injury research, acute and traumatic inju-
ries have traditionally received most of the attention, 
while the knowledge on overuse injuries is limited.1,2 
Especially, randomized- controlled trials (RCT) focusing 
on the prevention of overuse lower extremity (LE) inju-
ries are in few in youth football.2,3 Methods on football 
injury research have earlier focused largely on time- loss 
from training and playing or the need for medical atten-
tion on defining injuries.4 These standard methods are 
more appropriate when examining acute injuries, but 
reveal only the tip of the iceberg in overuse injuries.5 
Overuse injuries do not always result in time- loss from 
sports or in a medical appointment— especially in youth 
players.6,7 The Oslo Sports Trauma Research Centre 
Overuse injury questionnaire (OSTRC- O) has been in-
troduced as a more complete approach on tracing the 
occurrence and consequences of overuse injuries.8 The 
questionnaire has been validated and used in many pre-
vious studies.5,9- 12

Overuse injuries result from repetitive microtrauma 
and usually without a single identifiable event respon-
sible for the injury (gradual onset), although sudden 
onset debut can occur.4,13 Overuse injuries are often 
thought to be prevalent only in long duration and mo-
notonous sports such as endurance running, or techni-
cal sports that require repetition of same movements 
such as handball. However, there is increasing evidence 
suggesting a high prevalence of overuse injuries in team 
sports, including children's football.14 In children play-
ing football, neuromuscular training (NMT) can pre-
vent LE injuries overall15,16 and acute non- contact LE 
injuries,17 but there has been little focus on the effect 
of NMT warm- up on overuse injuries. A RCT in under 
13- year- old (U13) children reported a nonsignificant re-
duction in overuse injury incidence and another RCT 
with 13- 17- year- old female players reported a significant 
53% decrease in overuse LE injury incidence in favor 
for the NMT warm- up group.15,18 In another RCT with 
13- 17- year- old females, the overuse injury incidence was 
the same for both the NMT warm- up group and the con-
trol group.19 These studies used time- loss and/or medical 
appointment definitions for injuries and both reported 
a relatively low incidence of overuse injuries. With the 

OSTRC- O questionnaire and data collection methods, an 
RCT of 12- 17- year- old floorball players reported a 45% 
decrease in the rate of acute injuries but no beneficial 
effect was seen in the prevalence of overuse injuries.10 
This study also reported that as many as two- thirds of 
all injuries were overuse- related, suggesting that most 
of the overuse injury burden is left unnoticed with the 
more traditional research methods.

The aim of this RCT was to examine whether the prev-
alence of overuse LE injuries could be reduced with a 
NMT warm- up in 9- 14 year- old children playing football.

2 |  METHODS

2.1 | Study design and participants

This was a two- armed cluster- randomized controlled 
trial conducted according to the Consolidating Standards 
for Reporting Clinical Trials (CONSORT).20 The Ethics 
Committee of Pirkanmaa Hospital District (ETL- code 
R13110) approved the study.

The follow- up period was dated January- June 2015. In 
August 2014, we invited all 20 U11- U14 clubs (92 teams, 
n = 1643 players) in the Finnish youth football player de-
velopment monitoring program Sami Hyypiä Academy 
(SHA) to take part in the study. The program includes 
competitive level youth soccer clubs across Finland. Every 
official player of the participating teams was eligible to 
enter the study. After an informed consent from each 
player's legal guardian, altogether 1424 players agreed to 
participate (Figure 1). Players with any injury at baseline 
were also included in the study.

Computer- generated randomization of participants 
into intervention and control group was performed 
1  month prior to the start of follow- up by a statisti-
cian who was not further involved in the study. Home 
cities of the clubs were used as the unit of random-
ization to avoid intracity contamination of warm- up 
methods. Cities with more than two clubs (n  =  1, 4 
clubs), cities with two clubs (n  =  4) and cities with 
one club (n = 8) were allocated in different random-
ization blocks aiming to adjust the groups by city size. 
The three blocks were randomized separately with an 
even number of clubs in both groups (10 clubs each). 
Concealment of allocation was followed during ran-
domization process.

K E Y W O R D S

children, football, injury prevention, neuromuscular training, overuse injuries, youth
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2.2 | Intervention

We conducted a 20- week intervention from January to 
June 2015 when football is played mainly on artificial turf 
in Finland. Prior to the start of the intervention, we in-
vited coaches from the intervention group to a weekend 
workshop for theoretical and practical education in foot-
ball injury prevention and the study NMT warm- up. Each 

coach received a tablet including instructions and videos 
of the exercises and completion of the warm- up in team 
practices. The videos are available at Video S1.

The NMT warm- up (Figure  S1) was developed based 
on the senior investigator's earlier NMT warm- up with 
proven efficacy in female floorball.21 We modified the ex-
isting warm- up in collaboration with experienced football 
coaches for the purpose of this study. We instructed the 

F I G U R E  1  Flow chart

Allocated to intervention (n=684)
• Received allocated

intervention (n=676)
• Did not receive

allocated interventiona (n=8)

Allocated to control (n= 740)
• Started follow-up (n=733)
• withdrawal prior to follow-upa

(n=7)

Assessed for eligibility (n=20 clubs, 92 
teams; 1643 players)

Excluded (n=219 players)
• Declined to participate (n=219)

Randomised
(n=20 clubs, 92 teams; 1424 players )

Discontinued intervention (n=23)
• withdrawn, n=1
• quit playing football, n=3
• changed team, n=4
• acute injury rest of

follow-up, n=9
• unknown reason, n=6

Discontinued follow-up (n=33)
• withdrawn, n=2
• quit playing football, n=6
• changed team, n=1
• acute injury rest of

follow-up, n=15
• unknown reason, n=9

Analysed
(n=10 clubs; 44 teams; 676 players)

Analysed 
(n=10 clubs; 48 teams; 733 players)

Sub-analysed (598 players)
overuse injury-free at baseline

Sub-analysed  (647 players)
overuse injury-free at baseline

aStopped playing in the participating teams prior to follow up.
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teams in the intervention group to replace their standard 
warm- up with NMT warm- up 2- 3 times a week. During 
the intervention, we researchers visited each intervention 
team randomly 2- 3 times to oversee training, and to sup-
port and help coaches in case they needed help in exercise 
technique or other aspects of the program.

In a 1- hour pre- study meeting, we introduced the 
teams in the control group to the data collection methods 
and advised them to continue their usual warm- up meth-
ods during follow- up. We conducted random check- ups to 
the control clubs for evaluating the warm- up routines in 
the control arm during study. The control teams were in-
formed to receive the same education as the intervention 
group after the study.

2.3 | Outcome measure

As the primary outcome, we analyzed the prevalence of 
football- related overuse LE injuries (gradual onset injuries). 
Acute injuries have been analyzed in an earlier publication.17

We defined injuries following the Fuller consensus 
statement4 as any physical complaints resulting from foot-
ball activities, irrespective of time- loss or the need for a 
medical appointment. Overuse injuries were defined as 
being caused by repeated microtrauma without a single 
identifiable event responsible for the injury. Secondarily 
we analyzed overuse injuries separately for different body 
parts and by sex. Sub- analyses were also conducted for 
substantial overuse injuries defined as injuries leading to 
moderate or severe reductions in sports performance or 
participation in the OSTRC- O questionnaire or time- loss 
from sports entirely.5

2.4 | Data collection

Studied teams took part in baseline player monitoring 
events arranged by the SHA within 5  months prior to 
follow- up (Sep 2014- Jan 2015). The players' guardians 

were asked to complete baseline questionnaires surveying 
basic information (age, sex) and injuries during the last 
12 months (Table 1).

Players were asked to report weekly exposure hours 
for training and games once a month on a web- based 
training diary as a routine procedure in the SHA program 
(Table 1). However, the reports were inadequate and cred-
ible individual- level data could not be retrieved. Thus, we 
deviated from trial protocol and report team- based expo-
sure instead of individual exposure hours. Mean player 
practice hours within teams were calculated from indi-
viduals reporting exposure data and the mean player ex-
posure was used for all players in the team. Team game 
exposure was estimated using number of games, standard 
game durations and number of players on field.4 Number 
of games was obtained from the SHA and the Finnish 
Football Association. Team game exposure was divided 
even for the players in the team.

We collected overuse injury data via weekly text mes-
sages to players' guardians surveying injury symptoms: has 
your child had any musculoskeletal complaint or injuries 
during the previous 7 days (yes/no)? Whenever players or 
their guardians answered “yes,” they were contacted by a 
blinded study physical therapist for a structured phone in-
terview with the guardian and/or the player. Overuse LE in-
juries were registered using the OSTRC- O questionnaire,5 
which measures the effects of an overuse injury in four cat-
egories: sports participation, training volume, performance 
and perceived pain. Each item is scored with either a 4- 
point or a 5- point scale, ranging from 0 (no problem, no 
reduction, no effect and no pain, respectively) to 25 (cannot 
participate at all). The OSTRC- O questionnaire was filled 
for each anatomical area separately had the player suffered 
from more than one injury during the week.

The coaches in the intervention group submitted 
monthly a diary of all NMT warm- up sessions conducted 
in their teams. At the end of the follow- up period, the 
coaches in the control group completed a questionnaire 
concerning their teams' possible injury prevention strate-
gies during the study period.

Intervention Control

Players, N 676 733

Females, N (%) 117 (17) 163 (22)

Age (y), mean (SD) 12.2 (1.2) 12.3. (1.1)

Height (cm), mean (SD) 151.4 (10.1) 151.7 (9.8)

Weight (kg), mean (SD) 41.4 (8.7) 41.2 (8.5)

Previous injuries (yes/no), N 302 291

Injured playersa at baseline, N 79 85

Weekly exposure (h), mean (SD) 5.4 (1.4) 4.5 (0.9)
alower extremity overuse injury.

T A B L E  1  Participant characteristics
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2.5 | Power calculation and 
statistical analysis

We conducted a cross- sectional pilot study in 2014 for the 
SHA players (n = 1400) to estimate optimal sample size. 
We did not base power calculations on overuse LE inju-
ries specifically as there was no previous experience of the 
use of OSTRC- O data collection in youth football at the 
time. Instead, the sample size was based on the seasonal 
incidence of acute LE injuries and the hypothesis of 20% 
reduction in those injuries.17 We considered statistical sig-
nificance at 0.05.

We performed statistical analyses using IBM SPSS 
Statistics for Windows, version 27.0 (IBM Corp.). We cal-
culated weekly overuse injury prevalence by dividing the 
number of players reporting injury that week by the num-
ber of players answering to the text message in the group. 
We compared the prevalence of overuse LE injury between 
the intervention and control groups with generalized lin-
ear mixed model (GLMM) using binomial distribution. 
The model was based on repeated measures conducted on 
the players as subjects. Overuse injuries were set as the 
outcome variable and the follow- up week, study group 
and interaction between follow- up week and study group 
as the explanatory variables. The club was used as random 
effect. Autoregressive moving average (ARMA11) as re-
peated measures covariance structure was used to assess 
the dependency between several measurements from a 
single player. The results are expressed as odds ratios (OR) 
from the interaction with 95% confidence intervals having 
the control group as reference.

We conducted the primary analysis unadjusted for any 
covariates and by the intention to treat (ITT) principle fol-
lowing the trial protocol. We also made two supplemen-
tary analyses: first, an analysis adjusting the groups for 
age, sex, and exposure to football practice and games (in-
cluded as additional explanatory variables in the model) 
following the ITT principle; and second, an efficacy anal-
ysis accounting for the subgroup of overuse injury- free 
players at baseline. The statistician performing the anal-
yses was blinded.

3 |  RESULTS

3.1 | Player characteristics and response 
rate

The flow of players through study is shown in Figure  1 
following the CONSORT guidelines. All approached clubs 
agreed to participate, resulting in 1424 players for randomi-
zation. Fifteen players stopped playing in the participating 
teams between study recruitment and start of follow- up, 

and so, the final sample consisted of 1409 players (676 in 
the intervention group, 733 in the control group). During 
the intervention period, 56 players (3.9%) dropped- out 
for reasons specified in Figure 1. Data from these players 
were included in the analyses for the time they partici-
pated. Complete overuse injury data (20/20 weeks) were 
obtained from 1019 players.

The average response rate for the 20 text messages 
was 96% in the intervention group and 95% in the control 
group. Seventy- two percent of the players answered every 
week and 95% responded 15 times or more.

The data collection for individual exposure failed 
and, instead, we, therefore, report team- based exposure. 
Exposure to practice and games was 5.4 hours per week 
in the intervention group and 4.5 hours per week in the 
control group. Exposure was significantly higher in the in-
tervention group (P < .001).

3.2 | Injury characteristics

A total of 615 (44%) players reported at least one overuse 
LE injury during the 20- week follow- up and 171 of these 
had more than one overuse injury (Table 2). The median 
duration of overuse LE injuries was 2  weeks (range 1- 
20) and the number of injuries per player ranged from 
0 to 5. Overuse injuries were reported in a total of 3070 
player- weeks and the injury was classified as substantial 
in 31% of these weeks. In 14% of these weeks the over-
use LE injury resulted in complete time- loss from sports 
participation (“cannot participate at all” in OSTRC- O 
question 1).

The most common injury location was the knee (51% 
of all reported overuse LE injuries) followed by the heel 
(22%), the hip/groin (7%) and the ankle (6%; Table 2).

3.3 | Primary outcome: all overuse 
LE injuries

The average weekly prevalence for overuse LE inju-
ries was 11.6% (95% CI: 11.0%- 12.2%) in the interven-
tion group and 11.3% (10.7%- 11.9%) in the control group 
(Table 3, Figure 2). In the GLMM analysis, no difference 
was observed in the prevalence of all overuse LE injuries 
between groups: OR 1.01 (95% CI: 0.99- 1.03; Table 3).

3.4 | Secondary outcomes

The weekly prevalence of overuse heel injuries was sig-
nificantly higher in the intervention group than in the 
control group: OR: 1.05 (95% CI: 1.00- 1.10).
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The weekly prevalence of substantial overuse LE in-
juries was 6.0% (95% CI: 5.6%- 6.5%) in the intervention 
group and 5.0% (95% CI: 4.7%- 5.4%) in the control group, 
being similar between groups: OR: 1.00 (95% CI 0.97- 1.03).

In analyses adjusted for age, sex, and exposure to 
football practice and games, no major differences were 
observed compared to unadjusted primary analyses 
(Table S1).

In the subgroup, analysis including only overuse 
injury- free players at baseline, the prevalence of substan-
tial LE injury was decreased in females by 8% in the in-
tervention group compared to the controls: OR: 0.92 (95% 
CI: 0.85- 1.00). This difference was not seen in the analysis 
of males or both sexes combined. In opposite, the inter-
vention group had a higher prevalence of heel (6%) and 

substantial heel (10%) injuries than the controls, and the 
differences were even greater examining males only (10% 
and 13%, respectively; Table S2).

3.5 | Team adherence

In an average follow- up week, 63% of the teams con-
ducted the NMT warm- up at least twice.17 In January, the 
adherence to the program was higher compared later in 
the study period. Almost all teams (95%) conducted one 
or more sessions on 75% of weeks, which was considered 
moderate adherence overall. Mean session length was 
25 min (range 10- 70 min).

A total of 34 out of 48 teams (71%) in the control group 
responded to the questionnaire on injury preventive mea-
sures during the study period. Twenty- five teams (74% 
out of 34 teams answering) reported having conducted 
some sort of weekly injury prevention strategy bearing 
similarity to the NMT examined in this study. Most con-
trol teams included in their weekly training core planks 
(94%), single- leg lunges and jumps (82%), while hip mus-
cle strength exercises were less popular (41%).

4 |  DISCUSSION

4.1 | Main findings

We examined the effects of a NMT warm- up on the 
prevalence of overuse LE injuries in a large cohort of 
9- 14- year- old children playing football competitively. No 
significant differences were seen between the groups in 
the overall prevalence of overuse LE injuries. Opposite 
to what we expected, statistically significant differences 

T A B L E  2  Injury characteristics

Intervention Control

No. of injured players (%) 297 (44%) 318 (43%)

No. of players with >1 
injuries

84 (12%) 87 (12%)

No. of new injuries 395 411

Median weeks suffering 
from a single injury

2 2

Reported weeks of injury 1502 1568

Reported weeks of 
substantial injury

784 699

Time- loss injury weeks (%) 271 (18%) 169 (11%)

Injury sites, No. (%)

Knee 774 (52%) 793 (51%)

Heel 307 (20%) 367 (23%)

Ankle 134 (9%) 55 (4%)

Hip/groin 72 (5%) 131 (8%)

Mean weekly prevalence, % (95% CI)
GLMM 
analysis

Intervention Control
Odds ratio 
(95% CI)

All injuries

LE 11.6 (11.0- 12.2) 11.3 (10.7- 11.9) 1.01 (0.99- 1.03)

Knee 6.0 (5.6- 6.4) 5.7 (5.3- 6.1) 0.99 (0.96- 1.02)

Heel 2.4 (2.1- 2.6) 2.6 (2.4- 2.9) 1.05 (1.00- 1.10)

Substantial injuries

LE 6.0 (5.6- 6.5) 5.0 (4.7- 5.4) 1.00 (0.97- 1.03)

Knee 2.9 (2.6- 3.2) 2.4 (2.2- 2.7) 0.97 (0.93- 1.02)

Heel 1.2 (1.1- 1.5) 1.1 (1.0- 1.3) 1.06 (0.99- 1.13)

Note: All analyses are performed using the control group as reference value.
All analyses are unadjusted for any variables.
Significant result is in bold.

T A B L E  3  Lower extremity injury 
prevalence generalized linear mixed 
model (GLMM) analysis between 
intervention and control groups
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F I G U R E  2  Weekly overuse injury prevalence
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in favor of not performing NMT warm- up was found in 
the subanalyses of heel injuries, particularly in males. 
However, the change in absolute risk was negligible in 
the current follow- up. Importantly, we witnessed that 
overuse LE injuries seem to be a big problem affect-
ing one in 10 players at any given time, but most of the 
overuse LE injury complaints do not lead to time- loss 
acutely.

The results are much in line compared to earlier re-
search in youth team sports with similar methods on 
12- 17- year- old Swedish floorball players, where a signif-
icant and a major reduction in acute injuries but no dif-
ference at all in overuse injuries was seen using a NMT 
warm- up as intervention.10 This Åkerlund et al's study 
reported adverse effects of the NMT program on overuse 
knee injuries in female players. No such effect was seen 
in our study on knee injuries, but instead, we observed a 
small increase in the prevalence of heel injury in the NMT 
group. Knee injuries may become a bigger problem later 
on adolescence than in our study population.

Three relevant RCTs have examined the effect of NMT 
warm- up on overuse injuries in youth football, all using 
time- loss and/or medical attention definition for injuries. 
In one study, the result was similar to ours: no difference 
in overuse injury incidence between NMT warm- up in-
tervention group and the control group in female youth 
football.19 Soligard et al,18 however, found a significant 
53% reduction in overuse injuries in favor for the NMT 
warm- up group in female youth football. Rössler et al15 
reported low number and incidence of overuse injuries 
resulting in nonsignificant comparison between groups, 
but the NMT warm- up was concluded as likely benefi-
cial in the protection of overuse injuries in 7- 12- year- old 
children. In our study, time- loss resulted from overuse 
LE injuries in only 18% and 11% of the cases in the in-
tervention and control groups, respectively, making these 
studies less comparable with the current study. The short-  
and long- term impact of the many mild overuse injuries 
not leading to acute time- loss would be wise to be investi-
gated in future, as these have not been previously assessed 
sufficiently.

An aspect to consider in the interpretation of this study 
is that the children may not have been used to NMT train-
ing and when starting new practice routines the injury 
risk could temporarily rise due to underpreparedness and 
increase in training workload before the body adapts to 
new exercise- specific stimuli.22,23 Starting new training 
interventions should be done gradually to avoid overuse 
injuries. However, we did not see a declining trend in the 
prevalence of overuse injuries during the 20- week study 
period. Thus, a more plausible explanation may be that 
NMT training is not better than standard practice in the 
prevention of overuse injuries.

Also, the intervention group had 20% more weekly 
exposure hours than the control group, making the inter-
pretation more difficult. The coaches in the intervention 
group were instructed to perform the NMT warm- up in-
stead of their usual warm- up and not to lengthen their 
practice sessions while starting the new warm- up method 
but this might have failed. The increase in training load 
may predispose for injuries.22,23 No between- group dif-
ferences in the prevalence of overuse LE injuries was 
seen when the analysis was made adjusting for exposure 
hours, but we see the relative risk increase in training load 
may overcome the relative risk decrease in adjusting for 
exposure.

Existing or latent overuse injuries may diminish the 
benefits from doing any injury prevention strategies. 
Especially growth- related overuse injuries, such as apoph-
ysitis, are prevalent in this age group.2 In our data, knee 
injuries were the most common injuries in our popula-
tion. Especially, injuries such as Osgood- Schlatter disease 
do not ease with training including jumps and squats, but 
by restricting workload.24 It could be speculated that new 
training routines for players already suffering from an 
imminent overuse injury would worsen their symptoms. 
However, whether or not taking into account these play-
ers, the NMT warm- up did not have significant impact on 
the injury prevalence.

This study warrants further research with longer fol-
low- up on NMT warm- up and its effects on long- term 
overuse injury prevalence in children. For now, NMT 
cannot be seen conclusively effective in the prevention of 
overuse injuries in children's football. Also, football over-
use injuries should be studied in older adolescent popu-
lation with modern self- report methods. The short-  and 
long- term impact of the mild overuse injuries not leading 
to acute time- loss should also be further investigated. In 
addition to controlled trials, future focus is needed on the 
implementation of the recommended interventions in a 
real- life setting.25

In this trial, NMT warm- up was found to be equal to 
standard warm- up in overall overuse LE injury prevention 
and a small adverse effect was observed in overuse heel 
injuries. However, we encourage NMT to be implemented 
in the weekly training schedule of children playing foot-
ball for the established efficacy in the prevention of acute 
injuries.

4.2 | Strengths and limitations

This study was a large RCT conducted in a unique chil-
dren's study population including both male and female 
players. The coach- led intervention was designed applica-
ble for future implementation as the NMT warm- up was 
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only introduced to team coaches before the start of follow-
 up and after that was operated by team coaches with mini-
mal support from the study personnel.

The strengths of this study included the good response 
rate to the injury survey via text messages and the study 
provided positive feedback to the use of these data collec-
tion methods in future research also. The exposure time 
data collection would perhaps be wise to be included in the 
text message data collection: a clear limitation in the cur-
rent methods was that children this young were noncom-
pliant in reporting individual exposure via online diary 
and team- based exposure had to be used instead. Another 
limitation in the data collection is that the OSTRC- O has 
not been validated in children this young and not when 
completed by the players' guardians.

Unfortunately, the adherence to the intervention was 
observed to decrease during the follow- up as is earlier 
reported in similar trials.19,26 We believe that the length 
of the program may have been an obstacle limiting 
teams from continuing the intervention as regularly 
as expected. The increasing evidence on the utility of 
NMT on injury risk reduction may in future motivate 
team coaches to engage in this type of training better, 
although it is clear that successful implementation is a 
complicated process.25,27,28

A limitation in interpreting the study results is that 
the control teams reported utilizing components of 
NMT in their warm- ups and/or supportive training ses-
sions.17 It may be that the most relevant difference in 
the warm- ups between intervention and control teams 
was not in the exercises themselves, but in the system-
atic and structured execution of the NMT in the inter-
vention group.

Other limitations in the study methods include that we 
did not include power calculations for overuse injuries in 
the trial protocol, and later we had to deviate from the trial 
protocol in estimating individual exposure hours from 
team- based data. We did not make adjustments for mul-
tiple analyses when examining the supplementary anal-
yses, and thus, the reported significant results should be 
interpreted with caution. Due to the multifactorial nature 
of overuse injuries, non- football- related injuries were not 
identified or excluded from analysis in the current study. 
Also, a limitation is that the measured weekly prevalence 
as an outcome did not account for the specific duration of 
the symptoms in days.

5 |  PERSPECTIVE

Overuse LE injuries are prevalent in children's football as 
we observed one in 10 players to report symptoms of these 
injuries every week. NMT warm- up was equal to standard 

practice warm- up in preventing overuse LE injuries in 
children's football during a follow- up of 20  weeks. The 
statistical but clinically negligible increase in the risk for 
heel pain in the players performing NMT warm- up in the 
current study should be noted and further investigated. 
Despite this, we encourage neuromuscular training to be 
included in weekly practice in children's football for its 
established beneficial effects in the prevention of acute 
injuries.
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Abstract: This study examined the impact of high adherence to a neuromuscular training (NMT)
warm-up on the risk of lower extremity (LE) injuries in children’s soccer. Twenty U11–U14 youth
clubs (n = 92 teams, 1409 players) were randomized into intervention (n = 44 teams) and control
(n = 48 teams) groups. The intervention group was advised to perform an NMT warm-up 2 to
3 times a week for 20 weeks. Team adherence, injuries, and exposure were registered throughout
the follow-up. Primary outcomes were the incidence of soccer-related acute LE injuries and the
prevalence of overuse LE injuries. Intervention teams conducted mean 1.7 (SD 1.0) NMT warm-ups
weekly through follow-up. The seasonal trend for adherence declined significantly by −1.9% (95% CI
−0.8% to −3.1%) a week. There was no difference in the incidence of acute injuries nor the prevalence
of overuse LE injuries in high team adherence group (n = 17 teams) compared to controls. However,
the risk for acute noncontact LE injuries was 31% lower in the high team adherence group compared
to controls (IRR 0.69, 95% CI 0.49 to 0.97). In an efficacy analysis (n = 7 teams), there was a significant
reduction of 47% in the rate of noncontact LE injuries (IRR 0.53, 95% CI 0.29 to 0.97). In conclusion,
teams conducted NMT warm-up sessions regularly, but with a declining trend. A greater protective
effect was seen in teams with the highest adherence to the NMT warm-up.

Keywords: adherence; adolescent; children; football; implementation; injury prevention; neuromuscular
training; soccer; youth
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1. Introduction

The injury preventive potential of neuromuscular training (NMT) in a randomized
controlled trial (RCT) context has been well-established in youth soccer [1–4]. However,
the effectiveness of injury preventive strategies depends most importantly on the imple-
mentation of these methods into everyday practice [5,6].

Adherence to the provided interventions is not only seen as a major modifying factor
to injury risk in efficacy trials, but also as an individual outcome measure contributing to
the effectiveness of the intervention [7,8]. Development of effective adherence strategies is
called for and the first step is to identify the actual adherence rate of the methods in use [9].

In soccer, two NMT warm-up sessions a week has been proposed as a sufficient rate for
successful injury prevention effect [10]. There is, however, a limited number of prospective
studies examining adherence to NMT in children. Two studies in U13 children’s soccer have
reported average weekly NMT warm-up sessions of 1.0 and 1.9 per week, but without closer
examination of the development of conducted weekly NMT warm-up sessions during
follow-up (trend of adherence) [2,4]. Four studies in female U13–U18 youth soccer have
reported adherence to an NMT program in detail [11–14]. Three of these studies reported
the weekly number of sessions between 1.0–1.4 and a significant declining trend during a
follow-up [11,12,14], whereas one study reported good adherence through follow-up with
a mean >2 sessions per week [13].

At the same time, high adherence to prevention programs have shown to provide
the greatest protective effect from injuries [2,4,12–15]. The definition of high adherence is
based on a tertile split of the participants into high, medium, and low adherence groups in
most of the studies [2,4,12–14]. In the U13 children’s studies, players in the high adherence
group were at 64% and 72% lower risk for overall injuries, while no effect was seen in
low adherence groups compared to controls [2,4]. Soligard et al. reported players with
high adherence to an NMT warm-up being at a 35% lower risk for injuries than players
with medium adherence to the intervention [12]. Steffen et al. found an even greater
difference of 72% lower injury risk in a similar comparison [13]. A study examining anterior
cruciate ligament knee injuries specifically reported an 88% risk decrease in high adherent
individuals to an NMT program compared to controls without any intervention [14].

There is a limitation in interpreting these study results as all but one [2] focus on
individual player adherence, not team adherence. Player adherence represents how many
NMT warm-up sessions individual players complete while team adherence represents how
many NMT warm-up sessions teams organize for their players. Time-loss injuries lead to
temporary or complete cessation in sport participation, decreasing individual participant’s
adherence to intervention training. Thus, players who have not sustained injuries are more
likely to have a higher adherence to the examined intervention and are overrepresented
in the high adherence group. This may result in overestimation of intervention efficacy.
Therefore, we propose team adherence to be a more valid indicator of the effect of adherence
to the efficacy of an intervention.

The primary aim of this study was to evaluate the adherence to an NMT warm-up
program in children’s U11–U14 soccer teams and to examine whether a high adherence to
an NMT warm-up program can prevent acute and overuse lower extremity (LE) injuries.
A secondary aim was to descriptively examine the intervention team coaches’ attitudes
towards and maintenance of the NMT warm-up in weekly practice.

2. Materials and Methods

This is a secondary analysis of data from a RCT that investigated the impact of an
NMT warm-up on acute and overuse LE injuries in children’s soccer (ISRCTN14046021).
The study design followed the Consolidating Standards for Reporting Clinical Trials
(CONSORT) [16] and is reported in detail elsewhere [17,18]. The Ethics Committee of
Pirkanmaa Hospital District (ETL-code R13110) approved the study.
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2.1. Participants and Randomization

The Sami Hyypiä Academy (SHA) is a national training and research center for
Finnish soccer. The SHA involves top-level youth soccer clubs nationwide to participate in
a player monitoring program. All 20 SHA clubs (92 teams, n = 1643 players) were invited to
participate in this study (Figure 1). All official players of the participating U11–U14 teams
were eligible to enter the study, regardless of their injury status at baseline. Players joining
the teams after the study commencement were not included. Written consent was obtained
from each participant and their guardian at enrollment. Baseline data were collected in
monitoring events in fall 2014. The clubs were randomly allocated to the intervention and
control groups with the home city (n = 13) of a club as the unit of randomization.

Figure 1. CONSORT Flow Chart. a Stopped playing in the participating teams prior to follow-up. b Missing individual
adherence data.
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2.2. Intervention

The intervention was carried out during Spring 2015 (in total, 20 weeks) including
both pre-season (January–March) and competitive season (April–June). Coaches from the
intervention group were provided with one pre-season coach workshop including both
theoretical and practical sessions on injury prevention in children’s soccer and detailed
description and demonstration of the NMT warm-up program. In addition, each coach
received a tablet computer including written instructions and videos of each exercise
to support the execution of the program. During follow-up, researchers visited each
intervention team 2–3 times to oversee intervention.

The NMT warm-up was designed to improve players’ movement control and prevent
LE injuries, and was based on the researchers’ previous injury prevention NMT warm-
up [15]. The program could be modified from practice to practice as it consisted of seven
different exercises with progression and variations of diverse difficulty (Figure S1). Teams
in the intervention group were instructed to replace standard warm-up with the NMT
warm-up before soccer practices 2–3 times a week and 20 min each.

Control teams were instructed to continue their training routines as usual. Control
teams knew to be the control arm of a training intervention study and expected to receive
the same workshop as the intervention teams after the study. Researchers conducted
1–2 check-ups to the control teams’ practices during the follow-up.

2.3. Team and Player Adherence

Adherence to the NMT program was recorded by team coaches. They were asked to
keep track of each conducted NMT warm-up session and attendance of each individual
player in a structured online form.

Adherence was defined as a four-level categorical variable (controls; low-, medium-,
and high-adherence groups) and was examined at both team and individual levels. Team
adherence groups were stratified based on the researchers’ clinical judgement of how the
warm-up was conducted during follow-up on a weekly basis (Supplementary Table S1).
This evaluation resulted in cut-offs of low adherence: under 25 NMT warm-up sessions
during follow-up; medium: 25 to 35; and high > 35. An additional efficacy analysis was
made for the teams (n = 7) that adhered ideally per protocol to the program (≥40 NMT
warm-up sessions translating to two sessions a week and no more than two single-week
breaks during the 20-week intervention period). At an individual level, the participants
were stratified into tertiles of adherence (low, medium, high) according to completed NMT
warm-up sessions during follow-up [4,12–14].

2.4. Injury and Exposure Recording

Injuries were defined based on the 2006 consensus statement [19]. For injury, the
definition “any physical complaint sustained by a player that resulted from football training
or playing, irrespective of the need for medical attention or time-loss from football activities”
was used. For acute injury, “an injury resulting from a specific, identifiable event”; and for
overuse injury, “an injury caused by repeated microtrauma without a single identifiable
event responsible for the injury” were used. Noncontact injuries and the anatomical
location of the injury was categorized following the same consensus statement. Severity of
overuse injuries were defined substantial following validation guidelines [20].

Injuries were tracked weekly using a short message service (SMS) approach. Every
Sunday, all guardians received the following SMS: Has your child had any musculoskeletal
complaint or injuries during the previous seven days (yes/no)? If a guardian did not
reply to the SMS, they received a reminder SMS during the following week. Four blinded
study physiotherapists contacted guardians who had reported an injury and completed a
structured 10-min telephone interview. For overuse injuries, the OSTRC-O questionnaire
was used [20].

Weekly exposure to soccer practice and games were self-reported by the players using
the SHA’s internet-based player monitoring system. The players were asked to submit their
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exposure form once a month. These reports were incomplete and instead of individual
exposure, team-based exposure data were used in the analysis. Team mean weekly practice
exposure was calculated from data returned by individual team players and was applied
to all team members. Game exposure data was retrieved from the SHA for wintertime
pre-season (January–March) and from the Finnish Football Association for the competitive
season (April–June). Game exposure was derived from standard game durations for each
age group and number of players on the field and applied for entire teams [19].

2.5. Coach Attitudes and Maintenance of the Program

After the intervention, a questionnaire survey was conducted for both intervention
and control team coaches. Control team coaches were asked to describe their warm-
up training routines and possible unprompted injury preventive measures used during
follow-up. Intervention team coaches were asked to complete a questionnaire to evaluate
their experiences and attitudes to the injury prevention NMT warm-up. Furthermore,
a questionnaire for the intervention team coaches was conducted six months after the
intervention period to evaluate adoption and maintenance of the NMT warm-up after
the study.

2.6. Statistics

Statistical analyses were performed using Stata Statistical Software V15.0 (StataCorp,
College Station, TX, USA) and IBM SPSS V27.0 (IBM Corp., Armonk, NY, USA). Confidence
intervals (CI) for injury incidences and prevalences were calculated with the OpenEpi V3
statistical calculator using Mid-p Exact test.

Participant characteristics were compared between groups of adherence and the con-
trols with one-way analysis of variance and chi-square test where appropriate. The results
are expressed as means with standard deviations (SD) or the number (n) within group.

Seasonal trend for adherence of the entire intervention group was analyzed using
a generalized linear mixed model with a negative binomial distribution. The number of
weekly NMT warm-up sessions was set as the outcome variable and the follow-up week as
the explanatory variable. The team was used as random effect. The results are expressed as
a relative weekly change (%) in the number of conducted NMT warm-up sessions with
95% CIs. Mean weekly sessions by month (defined as 4-week periods) in the adherence
groups are shown for illustration.

For injuries, acute injury incidence per 1000 h of soccer practice and games and weekly
overuse injury prevalence between groups were compared. Noncontact acute injuries
and substantial overuse injuries were analyzed supplementally. Differences between the
groups were analyzed with negative binomial regression for acute injury incidence and
with a generalized linear mixed model for overuse injury prevalence. Cluster-robust
standard errors were calculated to adjust for intragroup correlation between players in
the same clubs. Adjustments were made for age and sex (for acute injuries) and age, sex,
and exposure hours (for overuse injuries) in a Supplementary Analysis. The results are
expressed as incidence rate ratios (IRR) for acute injuries and odds ratios (OR) for overuse
injuries together with 95% CIs.

3. Results
3.1. Participants

All recruited clubs agreed to participate, but 219 participants declined, resulting in
1424 players. Fifteen players stopped playing in the participating teams between study
recruitment and start of follow-up. Thus, the study population consisted of 1409 players
randomized into intervention (n = 676 players) and control (n = 733) groups. Drop-out rate
during follow-up was 4% (56 players) (Figure 1). The average response rate to the weekly
injury data collection was 95%, and 72% of the players answered every week.

Allocation of intervention teams into high-, medium-, and low-adherence groups
resulted in dissimilar groups according to sex and age distribution, previous injuries
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sustained, and weekly soccer exposure hours during follow-up. Weekly soccer exposure
was the highest in the group adhering lowest to the intervention (Table 1).

Table 1. Player characteristics by team adherence groups.

High Medium Low Control p-Value 1

Teams, n 17 23 4 48 -
Players, n 276 342 58 733 -

Females, % 15 21 5 22 0.002
Age, mean (SD) 12.2 (1.3) 12.0 (1.1) 13.2 (0.8) 12.3 (1.1) <0.001

Previous injuries (yes/no) 2, yes n (%) 124 (45) 141 (41) 34 (59) 291 (40) 0.002
Weekly exposure hours, mean (SD) 5.1 (1.5) 5.4 (1.2) 7.2 (1.2) 4.5 (0.9) <0.001

NMT warm-up sessions per week, mean (SD) 2.1 (0.3) 1.5 (0.2) 0.8 (0.5) - <0.001
1 One-way analysis of variance for continuous data and chi-square test for categorical data; 2 During the previous 12 months. Data from
1147 players.

3.2. Adherence

All intervention teams reported adherence data. Individual adherence was obtained
from 618 out of 676 players (91%).

A median 33 (range 4–57) NMT warm-up sessions per team were conducted during the
20-week follow-up corresponding to a median 2 (0–5) sessions per week. Mean attendance
of players participating in NMT warm-up sessions was 71% through follow-up. Two
teams from a single club reported only 4 and 13 training sessions and withdrew from the
intervention program protocol after starting their own physiotherapist-supervised injury
prevention program in the second month of follow-up. All other teams (42/44) completed
more than 20 training sessions and followed the intervention regularly with ≥1 training
sessions on 15/20 follow-up weeks (Table S1).

The number of conducted NMT warm-up sessions in the intervention group declined
significantly each week by −1.9% (95% CI −0.8% to −3.1%) from mean 2.0 weekly NMT
warm-up sessions in the first month of follow-up to 1.5 in the last month of follow-up. The
trend for adherence in different adherence groups is illustrated in Figures 2 and 3.

Figure 2. Trend in the adherence to a neuromuscular training (NMT) warm-up through 20-week follow-up. Each line
represents mean weekly NMT warm-up sessions within the group; Number of teams: Efficacy analysis (n = 7 teams), High
(n = 17), Medium (n = 23), Low (n = 4).
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Figure 3. Mean weekly neuromuscular training (NMT) warm-up sessions by month in the different groups of adherence to
the intervention. Number of teams: efficacy analysis (n = 7 teams), high (n = 17), medium (n = 23), low (n = 4).

3.3. Acute Injuries

The incidence of acute LE injuries was 4.77 per 1000 h of exposure in the high team
adherence group and 5.48 in the control group and there was no statistical difference
between the groups. However, the low team adherence group’s LE injury incidence (3.50)
was significantly lower compared to the control group: IRR 0.66 (95% CI 0.45 to 0.96)
(Table 2).

In individual level adherence, players of high adherence were at significantly lower
risk for acute LE injuries than the controls: IRR 0.77 (95% CI 0.61 to 0.96).

In comparison to the controls, the incidence of acute noncontact LE injuries was
significantly lower in the high (IRR 0.69, 95% CI 0.49 to 0.97) and low (IRR 0.53, 95% CI
0.36 to 0.77) team adherence groups, but not in the medium (IRR 0.69, 95% CI 0.46 to 1.02)
team adherence group.

Table 2. Negative binomial regression analysis of acute lower extremity (LE) injury incidence between intervention
adherence groups compared to control group.

Team Adherence Player Adherence
Injury Incidence per

1000 h (95% CI)
Crude 1 IRR

(95% CI)
Adjusted 2 IRR

(95% CI)
Injury Incidence

per 1000 h
Crude 1 IRR

(95% CI)
Adjusted 2 IRR

(95% CI)

LE Injuries
High 4.77 (4.01 to 5.64) 0.87 (0.71 to 1.08) 0.88 (0.71 to 1.10) High 4.15 (3.37 to 5.06) 0.76 (0.60 to 0.96) 0.77 (0.61 to 0.96)

Medium 4.17 (3.54 to 4.88) 0.77 (0.54 to 1.09) 0.78 (0.57 to 1.08) Medium 5.14 (4.29 to 6.12) 0.96 (0.72 to 1.27) 0.97 (0.73 to 1.28)
Low 3.50 (2.35 to 5.02) 0.66 (0.48 to 0.90) 0.66 (0.45 to 0.96) Low 4.23 (3.38 to 5.23) 0.78 (0.55 to 1.11) 0.79 (0.57 to 1.11)

Control 5.48 (4.93 to 6.08) 1 (reference) 1 (reference) Control 5.48 (4.93 to 6.08) 1 (reference) 1 (reference)
Noncontact LE Injuries
High 1.87 (1.41 to 2.43) 0.67 (0.48 to 0.94) 0.69 (0.49 to 0.97) High 1.87 (1.37 to 2.51) 0.67 (0.51 to 0.89) 0.68 (0.51 to 0.91)

Medium 1.83 (1.43 to 2.32) 0.67 (0.42 to 1.07) 0.69 (0.46 to 1.02) Medium 2.09 (1.57 to 2.73) 0.77 (0.47 to 1.24) 0.79 (0.49 to 1.25)
Low 1.43 (0.75 to 2.48) 0.52 (0.34 to 0.79) 0.53 (0.36 to 0.77) Low 1.67 (1.16 to 2.33) 0.61 (0.34 to 1.08) 0.63 (0.37 to 1.05)

Control 2.76 (2.38 to 3.20) 1 (reference) 1 (reference) Control 2.76 (2.38 to 3.20) 1 (reference) 1 (reference)

IRR = Incidence rate ratio; CI = Confidence interval; Significant results are in bold. 1 Adjusted for soccer exposure hours; 2 Adjusted for
soccer exposure hours, age, and sex.

3.4. Overuse Injuries

Examining team adherence, the mean weekly prevalence of overuse LE injuries was
12.5% (95% CI 11.6 to 13.5) in high adherence group, 10.2% (9.4 to 11.0) in medium adher-
ence group, 15.5% (13.2 to 18.0) in low adherence group, and 11.3% (10.7 to 11.9) in the
control group. There were no differences in the prevalence of overuse LE injuries between
the adherence groups compared to the control group. No differences in the prevalence of
overuse LE injuries was seen at an individual level either (Table 3).
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Table 3. Generalized linear mixed model analysis of overuse lower extremity (LE) injury prevalence between intervention
adherence groups compared to control group.

Team Adherence Player Adherence

Mean Weekly
Injury

Prevalence
% (95% CI)

Crude 1 OR
(95% CI) Adjusted 2 OR

Mean Weekly
Injury

Prevalence
% (95% CI)

Crude 1 OR
(95% CI) Adjusted 2 OR

LE Injuries
High 12.5 (11.6 to 13.5) 1.01 (0.98 to 1.04) 1.01 (0.98 to 1.04) High 8.9 (8.0 to 9.8) 1.01 (0.98 to 1.05) 1.01 (0.98 to 1.05)

Medium 10.2 (9.4 to 11.0) 1.01 (0.98 to 1.04) 1.01 (0.98 to 1.04) Medium 9.3 (8.4 to 10.2) 1.00 (0.97 to 1.03) 1.00 (0.97 to 1.03)
Low 15.5 (13.2 to 18.0) 1.01 (0.96 to 1.07) 1.01 (0.96 to 1.07) Low 15.5 (14.3 to 16.9) 1.02 (0.99 to 1.05) 1.02 (0.99 to 1.05)

Control 11.3 (10.7 to 11.9) 1 (reference) 1 (reference) Control 11.3 (10.7 to 11.9) 1 (reference) 1 (reference)
Substantial LE Injuries

High 6.1 (5.5 to 6.8) 1.00 (0.96 to 1.04) 1.00 (0.96 to 1.04) High 3.4 (2.9 to 4.0) 1.00 (0.95 to 1.05) 1.00 (0.95 to 1.05)
Medium 5.5 (4.9 to 6.1) 0.99 (0.96 to 1.03) 0.99 (0.96 to 1.03) Medium 4.6 (4.0 to 5.3) 0.99 (0.94 to 1.03) 0.99 (0.94 to 1.03)

Low 9.2 (7.5 to 11.2) 1.00 (0.94 to 1.07) 1.01 (0.94 to 1.08) Low 8.6 (7.7 to 9.6) 1.01 (0.97 to 1.05) 1.01 (0.97 to 1.05)
Control 5.0 (4.7 to 5.4) 1 (reference) 1 (reference) Control 5.0 (4.7 to 5.4) 1 (reference) 1 (reference)

OR = odds ratio; CI = confidence interval; 1 Unadjusted for any variables. 2 Adjusted for soccer exposure hours, age, and sex.

3.5. Efficacy Analysis

Seven teams adopted the intervention program ideally per protocol during the follow-
up. The injury incidence was 4.72 per 1000 h of exposure for all LE injuries and 1.45 for
noncontact LE injuries. Noncontact LE injury incidence was significantly lower when
compared to the controls: IRR 0.53 (95% CI 0.29 to 0.97). The mean weekly prevalence of
overuse LE injuries was 13.2% in these ideally adhering teams and this was similar to the
control group’s weekly overuse LE injury prevalence (Table 4).

Table 4. Efficacy analysis of acute lower extremity (LE) injury incidence and overuse LE injury
prevalence in ideal adherence intervention group compared to control group.

Acute Injuries Injury Incidence per
1000 h (95% CI)

Crude 1 IRR
(95% CI)

Adjusted 2 IRR
(95% CI)

LE injuries 4.72 (3.56 to 6.14) 0.87 (0.57 to 1.34) 0.87 (0.59 to 1.29)
Noncontact LE injuries 1.45 (0.86 to 2.31) 0.52 (0.28 to 1.001) 0.53 (0.29 to 0.97)

Overuse Injuries
Mean Weekly Injury

Prevalence
% (95% CI)

Crude 3 OR
(95% CI)

Adjusted 4 OR
(95% CI)

LE injuries 13.2 (11.8 to 14.7) 0.99 (0.95 to 1.03) 0.99 (0.95 to 1.03)
Substantial LE injuries 6.3 (5.4 to 7.4) 0.98 (0.93 to 1.03) 0.98 (0.93 to 1.03)

IRR = incidence rate ratio; OR = odds ratio; CI = confidence interval; Comparisons (IRR’s and OR’s) are made in
reference to the control group. Significant results are in bold. 1 Adjusted for soccer exposure hours. 2 Adjusted
for soccer exposure hours, age and sex. 3 Unadjusted for any variables. 4 Adjusted for soccer exposure hours, age,
and sex.

3.6. Coach Attitudes and Maintenance of the Program

At the end of the intervention, a total 35 out of 44 intervention team coaches completed
a questionnaire considering the attitudes and beliefs towards the NMT warm-up. All
intervention team coaches answering considered the NMT warm-up beneficial. In addition,
22 intervention team coaches completed the survey to evaluate adoption and maintenance
of the NMT warm-up program six months after the intervention: 18 out of 22 teams
(82%) were still conducting the exercises of the study NMT warm-up in some composition.
Open feedback was received from 25 coaches, and the most relevant feedback of the NMT
warm-up is listed as follows:
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• The warm-up was too long in duration. (n = 3)
• Overuse injury complaints were experienced to increase. (n = 2)
• The fidelity of performing the exercises varied between players. (n = 2)
• There were problems with limited spaces and limited time to do the warm-up properly.

(n = 2)
• The involvement of ball skills in the warm-up was too little. (n = 1)
• Some exercises were too difficult for those under 12-years old. (n = 1)
• The warm-up was too demanding and tiring for the players in the beginning. (n = 1)

4. Discussion

We analyzed adherence to an NMT warm-up and its impact on LE injury risk in
a clinical trial setting in children’s soccer. The teams reached target adherence of at
least 2 sessions per week insufficiently, but still conducted regular training with mean
1.7 sessions per week. High adherence was found to prevent acute noncontact LE injuries.

Overall, we saw a minor decreasing trend in conducted NMT sessions through the
follow-up. However, excluding the first month of higher adherence to the intervention,
the number of weekly sessions was consistent for rest of the follow up. The differences
in adherence between most of the teams were small and it was difficult to differentiate
between the high-, medium-, and low-adherence groups. These findings implicate good
potential for the real-life implementation of NMT warm-up programs in children’s soccer.
Additionally, the observed adherence in our study is in line with the earlier studies in
U13 and U13–U18 soccer, where weekly adherence has averaged between 1 to 2 NMT
warm-ups per week [2,4,12–14].

The NMT warm-up did not prove to be effective in preventing all acute LE injuries
nor overuse LE injuries in the teams of high adherence. However, a 31% decreased risk in
acute noncontact LE injuries was seen in the high adherence teams but not in the medium
adherence teams. Furthermore, at the individual level, players with high adherence to
the intervention were at 23% lower risk for all acute LE injuries than the controls, and
again, this was not seen in players of medium adherence to the intervention. The re-
sults indicate that regular adherence to NMT warm-up is required for a protective effect
against injuries and this contributes to the existing evidence in U13 and U13–U18 soc-
cer, where regular adherence has also proven to increase the injury preventive effect of
NMT warm-up [2,4,12–14].

The acute LE injury risk was also decreased in the low team adherence intervention
group. Two of the four teams in low adherence group were from the same club, and the
reason for nonadherence in this club was the use of their own similar injury prevention
warm-up designed and supervised by their team physiotherapist. It seems that there were
no true low adherence teams in our study.

Successful implementation of injury prevention programs from controlled trials to
weekly practice is a complex task [6,9]. Our approach was intended to be minimally
invasive: we made an effort to mimic real-life settings as the intervention consisted of coach
workshop at baseline and a tablet computer to support the execution of the intervention. A
similar approach from an earlier study was considered low-level intervention in contrast
to comprehensive intervention [13]. We chose these methods with an aim to facilitate the
translation of the NMT warm-up from study setting to a wider implementation outside of
the study. All intervention team coaches answering to the post-study survey considered
the NMT warm-up beneficial, and six months after the study, 82% of the intervention teams
who replied reported using components of the NMT warm-up regularly in their training.
An earlier implementation study reported a similar rate (80%) of their RCT’s intervention
group coaches using the studied NMT warm-up three years after the study [21]. These
results of maintaining the behavior after the controlled study are encouraging.

Future injury prevention research should continue to facilitate the adoption and
maintenance of proven intervention measures into real-life use. Sports clubs, associations,
and community groups are key in the implementation process and we would advise
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organizations to regularly educate children’s soccer coaches in injury prevention [22–24].
Similar physiotherapist-led coach workshops, as used in our study, would be a cost-efficient
way to deliver information and practical skills straight to the soccer coaches in the field.
When possible, designating warm-ups to an assistant coach in the teams would likely
improve the fidelity of the exercises.

Team coaches are willing to modify the existing NMT warm-ups for their own pref-
erences [21,25,26]. In our experience from children’s soccer, these modifications most
often concern including ball skills in the warm-up, introducing exercises sporadically into
practice, or limiting the overall duration of the comprehensive program. Co-operating with
the team coaches and other program deliverers is key, and involving ball skills would be
wise in aim to improve the adoption of NMT exercises regularly into practice. However,
proper modification requires informed decision making and regular injury prevention
education; NMT warm-up needs to be systematic and regular in weekly use, the exercises
done with fidelity and the modifications should not leave out any components of the
exercise categories in the long-term. Emphasis should be made to those exercises which
are taken less readily into maintained use from controlled trial settings.

4.1. Strengths and Limitations

The intervention was operated by team coaches who were responsible for their team’s
everyday training irrespective of the study setting. Study personnel only visited the teams
infrequently to observe training. The method builds for external validity of the results,
and for the transferability of the intervention to real-life community-level implementation.
In fact, we conducted a post-study survey and components of the NMT warm-up were
maintained well. However, these results would have been reasonable to confirm with
visits to the clubs and observing the teams’ warm-up routines in practice, and not only by
interviewing the coaches as was conducted.

The study sample was large and representative of competitive 9–14-year-old soccer
players all over Finland. Females were in a minority, but this primarily reflects the sex
distribution of competitive youth players in Finland, as all female clubs from the SHA were
recruited. Compliance to the injury data collection was excellent and only a few subjects
dropped out of the study.

Soccer exposure varied in the different groups of adherence and the controls, and must
be considered a confounding factor. The intervention teams had more weekly exposure
than the controls, contributing to a higher training load and a possible increase in injury
risk [27,28]. The intervention teams may have conducted the NMT warm-up in addition to
their regular training despite being instructed to replace regular warm-up, not to lengthen
their training sessions. Furthermore, the missing of individual exposure data and use of
team-based exposure instead is a limitation of the study.

The documentation of NMT warm-up sessions was good and made in detail by the
team coaches. However, as team practices were not observed regularly during follow-
up, no assessment for exercise fidelity—as was examined in two previous studies—was
undertaken [29,30]. Similar to the objective results of these two studies, some intervention
team coaches in our study pointed out that their players conducted the exercises with
varying technique—an important factor to emphasize in the delivery of NMT interventions.

4.2. Clinical Implementation

Children’s soccer teams adhered moderately to the designed NMT warm-up and
components of the NMT warm-up were adopted for use after the controlled trial setting.
It seems that conducting NMT warm-up twice a week regularly is needed for effective
acute noncontact LE injury prevention. Communities and sporting organizations should
educate youth soccer coaches and health care professionals regularly in injury prevention
with NMT and encourage them to adopt it as part of their weekly practice routines.
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5. Conclusions

High adherence from teams to an NMT warm-up prevents acute noncontact LE
injuries, but it has no impact on the prevalence of overuse LE injuries. A threshold of
sufficient adherence is needed for an injury preventive effect to be seen and a minimum
of two NMT warm-up sessions a week is recommended. The studied NMT warm-up has
good potential to be adopted in children’s weekly soccer practice.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph182413134/s1, Table S1: Number of weekly neuromuscular training warm-up sessions
through follow-up; Figure S1: Neuromuscular Training Warm-up Program; Video S1: https://www.
youtube.com/channel/UClm5f0iA3DZFjTWzdNs0ZLA, accessed on 1 December 2021.
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