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“Without people, 
you’re nothing.”
Joe Strummer
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The aim of this thesis was to assess the  
effect of game-related match events on  
the variation in injury incidence in 
top-level male football. Specifically,  
the primary aims were to investigate: (1) 
a possible relationship between injury in-
cidence and changes in the (goal) score, 
playing position and recovery time, (2) 
differences between foul play injuries and 
non-foul play injuries with regard to the  
match circumstances in which they oc-
cur, (3) the relationship between the  
number of fouls and injuries per match, 
as well as (4) a possible relationship  
between injury incidence and goals, inju-
ries, as well as red and yellow cards. In ad-
dition, a secondary aim was to use video 
analysis of contact injuries to describe 
match circumstances in which contact in-
juries occur and to investigate possible in-
dependent predictors of contact injuries. 

The material consisted of team physi-
cians’ post-match injury reports on 441 
injuries (from men’s FIFA World Cups 
in 2002, 2006 and 2010), FIFA’s official 
match statistics from all matches and full 
video recordings of all matches. Data on 
the type and location, the time and the 
circumstances and consequences of injury 
were collected prospectively. From the 
match statistics, the time (minute) and 
number of goals, as well as red and yellow 
cards, were obtained, in order to calculate 
and compare the injury incidences dur-
ing different match periods. Moreover, the 
total number of fouls per match was ob-
tained in order to evaluate the association 
between the number of injuries and fouls. 
The full video recordings were reviewed 
and all identified contact injuries and con-

tact injury risk incidents were analysed ac-
cording to variables describing the match 
circumstances at the moment of injury.

These studies showed that the varia-
tion in injury incidence during a match 
was related to both changes in the score 
(p=0.026) and teams’ drawing/losing/win-
ning status (p=0.008), with players in win-
ning teams running the highest risk of in-
jury. There were also statistically significant 
differences in injury incidence between 
playing positions (p<0.001), with forwards 
having the highest injury incidence. A sig-
nificant association between an increasing 
number of recovery days between matches 
and an increasing injury incidence was also 
found (p=0.043). Other findings were that 
the injury incidence increased within the 
five minutes following a goal, injury, or a 
red or yellow card (p<0.001) and that there 
was a correlation between the number of 
injuries and fouls in a match (p<0.001). 
The thesis also highlights some concerns 
relating to the widely applied video analy-
sis methods.

In conclusion, these studies show that 
the injury incidence during a match in in-
ternational football tournaments is affect-
ed to some degree by match events that are 
an essential part of football. Furthermore, 
these studies demonstrate that match sta-
tistics can be used succesfully in combina-
tion with injury report data in epidemio-
logical research on football injuries.

Keywords:  Epidemiology, Sporting  
injuries, Football
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Skaderisken i internationell fotboll är 
hög. Flera studier har visat att skaderisken 
varierar under en match, men resultaten 
har inte varit samstämmiga, och det finns 
endast begränsad forskning avseende fak-
torer som påverkar skaderisken. Syftet med 
denna avhandling var att undersöka om 
vissa moment, som utgör en väsentlig del 
av fotboll som spel, som t.ex. ändringar i 
resultatet (ställningen), ojust spel (“fouls”), 
röda eller gula kort och skador, påverkar 
skaderisken under matchens gång, i in-
ternationell fotboll på högsta elitnivå. Ett 
ytterligare syfte var att analysera alla iden-
tifierbara skador och andra spelsituationer 
som statistiskt har en hög skaderisk med 
video-analys, för att identifiera spelsitu-
ationer, som eventuellt kunde förutsäga en 
ökad skaderisk.

Studierna byggde på skadestatistik  
(i form av rapporter, som lagläkarna fyll-
de i efter matcher) från samtliga matcher 
i VM-turneringarna 2002, 2006 och 
2010 (sammanlagt 441 skador), på offi-
ciell match statistik från alla 192 spelade 
matcher under dessa tueneringar och  
på kompletta video-inspelningar från varje 
match.

De viktigaste fynden var att ska-
derisken varierade beroende på om laget 

var i ledningen målmässigt, låg under  
eller om det stod oavgjort (största risken 
hade spelare i lag som ledde). På samma 
sätt varierade skaderisken för spelarnas 
olika spelpositioner, där anfallare var  
mest utsatta för skador. Skaderisken var 
också större under en fem minuters pe-
riod efter röda och gula kort, mål och  
skador, d.v.s. vid avbrott i matchen. Vi 
fann också ett positivt samband mel-
lan antalet fouls och antalet skador per 
match, och mellan antalet skador per 
match och längden på speluppehållet  
mellan matcherna.

Slutsatsen är att skaderisken under 
en fotbollsmatch delvis beror på olika 
händelser i själva spelet; manga av dessa 
är dock oundvikliga. Spelare, tränare, la-
gläkare och de ledande organen inom 
fotbollen kan dra nytta av att kunna 
identifier matchperioder då skaderisken  
är stor, för att eventuellt kunna införa 
skadeförebyggane åtgärder. Dessa stud-
ier har också visat att match-statistik 
framgångsrikt kan användas för epide-
miologisk forskning kring fotbollsska-
dor. Huruvida dessa fynd kan tillämpas  
på andra nivåer inom fotbollen, förblir 
obesvarat. Framtida studier kommer att 
utvisa detta.

sammanfattning 
på svenska
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BRIEF DEFINITIONS 
Injury resulting from player-to-player contact

An injury risk incident that results from  
player-to-player contact

Additional match period played after the usual 
45-minute halves during tournament knock-out 
stages, when the score at the end of second half 
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or environmental variables
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1.1 The history 	
of football 

1.1.1 The development of  
the modern form of the game
Almost 3,000 years ago, Tsu’ Chu was 
played in China, in celebration of the Em-
peror’s birthday.[1] The game was played 
with a stuffed leather ball using the feet, on 
very narrow fields, where the players tried 
to kick the ball into a goal made of a net 
fixed between bamboo poles.[1, 2] Cen-
turies later, a similar game, Kemari, was 
developed in Japan. In Kemari, the play-
ers stood in a circle and passed the ball to 
each other, trying to avoid the ball touch-
ing the ground.[2] The first international 
pre-football was probably played in Kyoto, 
between Chinese and Japanese players, in 
681 AD.[1] Different versions of pre-foot-
ball were played in different cultures and 
on different occasions.[1] For example, in 
Egypt, an early form of football was played 
during fertility rites, while ancient Romans 
and Greeks played to prepare warriors for 
battle.[1]

Episkyros and Harpastum were other 
ancient forms of football originating from 
Greece and the Roman Empire respec-

INTRODUCTION
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tively. These sports were more competitive 
variants of the game, where rough play 
was considered appropriate.[1, 2] In fact, 
Harpastum matches were often violent, in-
volving serious injuries and killings.[1] The 
matches lasted for more than 50 minutes 
and the teams consisted of approximately 
25 players.[1] In England, Harpastum had 
various interpretations, some of which in-
volved kicking the skulls of defeated Ro-
man soldiers or Vikings (during different 
time periods).[1]

In mediaeval Britain, another precur-
sor form of today’s football, called folk 
football, gained in popularity. Villages 
played against each other, with 500-a-
side teams on fields up to 10 kilometres 
in length. The rules in this “mob football” 
were flexible: murder or manslaughter 
were practically the only actions regarded 
as fouls.[1, 3] This form of football was 
therefore considered violent and brutal 
and several monarchs attempted to ban 
people from playing football.[1, 3] Legal 
records imply that the prohibition never 
succeeded and, as a result, criminal trials 
were common.[3] Gradually, the game 
gained recognition. The village teams’ play-
ers comprised both men and women, from 
all age groups and social classes.[3] One 
historical curiosity is the matches played 
between married and unmarried people, 
which could imply that some sort of fertil-
ity rituals were involved, or that it provid-
ed a forum for seeking a new life compan-
ion.[1, 3] Under the renaissance period, 
the more elaborate version, Calcio, which 
involved kicking, carrying and passing the 
ball over a line, was played in Italy.[1, 3] It 
was played on urban squares by young 
aristocratic men.[3] 

As football in England remained pop-
ular despite attempts to ban it, it became 
a game played in schools. During the 19th 
century, public schools had to unify the 
rules of football in order to compete with 

one another.[1, 3] This was a crucial stage 
in the development for modern football, 
as it led to the separation between rugby 
and football (soccer) and the subsequent 
formation of the first governing body 
of modern football in 1863; the English 
Football Association (FA).[1-3] Football 
associations were then created in the same 
way in Scotland, Ireland and Wales and 
the modern game with its regulations then 
spread first around Europe, then to the rest 
of the world, leading to the establishment 
of FIFA in 1904.[1] 

1.1.2 The history of the World 
Cup and how FIFA became a 
worldwide federation
Today, as a result of the gradual growth and 
expansion of the game, the world-govern-
ing body of football, FIFA, has six umbrel-
la organisations, one on each continent, 
and 209 member associations.[4, 5] Until 
the 1930s, FIFA was dominated by Euro-
pean countries, with nearly three quarters 
of its members being European.[6] This 
was about to change: the success of South-
American teams during the 1920s started 
to affect the way football was played in Eu-
rope and European clubs started to employ 
South-American players.[6] Many South-
American countries were suffering from 
economic regression and football became 
a means of nation-building and interna-
tional recognition.[6] Football was already 
not only a question of sport, it also had a 
political and social mission. The first FIFA 
World Cup in 1930 was held in Uruguay, 
but only four European teams were pres-
ent, reflecting the tension caused by the 
fight for power between South America 
and Europe within FIFA. Consequently, 
Uruguay refused to participate in the 1934 
and 1938 FIFA World Cups.[6] The ten-
sion between the continents started to de-
crease when the South-American Confed-
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eration obtained a permanent position on 
the FIFA Executive Committee.[6]

In South America, football was very 
popular and Buenos Aires alone had al-
most ten stadiums with a capacity of more 
than 40,000.[6] During World War II, the 
administrative operations in Europe were 
substantially reduced and membership of 
South-American associations gave FIFA 
important financial support. Subsequently, 
Spanish became one of FIFA’s official lan-
guages in 1946, alongside English, French 
and German.[6] 

In Africa, the contemporary form of 
football has strong roots in colonialism: 
the first football leagues and federations 
were set up in British, French and Belgian 
colonies.[6] Football was taught in elite 
schools and missionaries promoted foot-
ball, as it was considered to have an impor-
tant civilising and educating function.[7] 
Football started to gain wide popularity 
and top-level African (as well as South-
American) players started to be transferred 
to European teams and were even en-
couraged to represent European national 
teams.[7, 8] Later, football was used as 
a political means in the de-colonialisa-
tion process.[6] The political links caused 
some controversy. During the 1920s, the 
nationalist and Muslim communities in 
Northern Africa started to create their own 
politicised clubs, such as the Algerian Na-
tional Liberation Front (FLN) team.[6]

During the 1920s, football associa-
tions on other continents, which had un-
til then been part of the British FA due to 
colonialism, started to obtain member-
ships of FIFA.[6] After the World Cup in 
1934, qualification groups were formed, in 
order to ensure the participation of non-
European teams in the World Cup.[6] For 
example, for the 1938 World Cup, a quali-
fication group was created for Japan and 
the Dutch East Indies to ensure a place 
for Asia in the tournament.[6] FIFA was 

also actively seeking members from the 
Middle East and Central America: Costa 
Rica joined FIFA in the late 1920s, Leba-
non and Syria joined in the mid-1930s, 
followed by El Salvador and Panama in the 
late 1930s.[6]

Continents wanted to maintain some 
of their power and autonomy and conti-
nental associations, such as the Union of 
European Football Associations (UEFA) 
and the Confederation of African Foot-
ball (CAF), were created.[6] In 1974, the 
Brazilian, João Havelange, was elected 
as the first non-European president of 
FIFA, heavily supported by the African 
associations.[6] In 1976, the FASA (white 
Football Association of South Africa) was 
expelled from FIFA and the number of Af-
rican and Asian representatives increased 
considerably for the 1982 World Cup.[6] 
FIFA has therefore grown, from being a 
federation dominated by Europeans, to a 
true global organisation supporting the lo-
cal member associations.[6]

1.2 How football is 
played today and the 
physiological demands 
of top-level football

1.2.1 Basic regulations
An international football match is played 
between two teams of eleven players (ten 
outfield players and one goalkeeper), on a 
rectangular field 100-110 metres long and 
64-75 metres wide.[9] The playing surface 
is green and can consist of either natural 
grass or artificial material that meets FIFA’s 
requirements. The basic compulsory play-
er equipment comprises a jersey, shorts, 
stockings, shinguards and footwear.[9] A 
match consists of two “halves” of 45 min-
utes, separated by a half-time period lasting 
a maximum of 15 minutes. The team scor-
ing the larger number of goals by the end 
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of the match is the winner. If the match 
ends in a draw, the winner can be decided 
by the away-goals rule, extra time and/or 
penalty kicks. In the knock-out stages of 
FIFA World Cups, if the result remains a 
draw after 90 minutes and the minutes of 
additional time, two extra-time periods of 
15 minutes are played, followed by penalty 
kicks if the result is still a draw after the 
two extra-time periods.[9]

Each match is controlled by a referee, 
with full authority to enforce the laws of 
the game, outlined by FIFA.[9] At profes-
sional level, the referee is usually accompa-
nied by two assistant referees and a fourth 
official, all of whom assist the referee in 
applying the laws of the game. In official 
tournaments, a team can make up to three 
player substitutions during a match. The 

number of nominated substitute players is 
between three and 12, depending on the 
rules of the competition, but the maxi-
mum number of nominated substitutes in 
national “A” team matches is six.[9]

1.2.2 Physiological demands and 
important skills in football

Football (soccer) is a complex sport which 
requires muscular strength, power and 
endurance and which poses multifacto-
rial demands on top-level players.[10, 11] 
In addition to excellence in playing skills 
and the cognitive ability to make quick 
decisions, it requires both aerobic and an-
aerobic power, good agility, adequate joint 
flexibility and the appropriate muscular 
development.[11] Players must also be ca-
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pable of generating high torque during fast 
movements.[11] There appears to be a high 
level of heterogeneity in anthropometric 
and physiological characteristics among 
top-level players.[11] Importantly, the 
physical capacity of players influences both 
their technical and tactical performance, as 
well as their frequency of injuries.[10]

Top-level outfield players cover dis-
tances of 10-14 kilometres and goalkeep-
ers up to four kilometres during a football 
match.[10, 12, 13] Players perform be-
tween 1,000-1,400 short activities during 
a match, changing the activity every four 
to six seconds.[10] These activities include 
sprinting, tackling, heading the ball, activ-
ities while in possession of the ball, pass-
ing the ball, changes of pace and sustained 
forceful contractions to maintain balance 
and control of the ball against pressure 
from opposing players.[10, 12] An analy-
sis of the physical demands of English 
Premier League football divided player 
movements during a match into standing, 
walking, jogging, running, sprinting, skip-
ping and shuffling, showing the wide vari-
ation in player movements, during which 
the short activities are performed, during a 
football match.[14] These authors defined 
movements made in possession of the ball, 
competing for the ball, evading opponents 
in order to become available to receive the 
ball, supporting team-mates in possession 
of the ball, as well as technical and tacti-
cal positioning movements, as the most 
purposeful movements during a match 
and concluded that the players performed 
these movements during a total of 41% of 
the match play on average.[14]

In general, professional football play-
ers cover longer distances than their non-
professional counterparts.[10] Players per-
forming at a high level therefore also tend 
to have a higher aerobic capacity than play-
ers at lower levels.[10] A study assessing 
the performance of German, French and 

Czech players from different age groups 
and skill levels showed that dribbling the 
ball at high speed was the ability that most 
discriminated between the groups, with 
adult top-level players performing this 
activity best.[51] Adult players were also 
superior to the other age and skill-level 
groups in power, speed and endurance.[15] 
Meeting the physical requirements of top-
level football is, however, not enough. The 
results of a study analysing the characteris-
tics of 105 elite youth players suggest that 
positioning and decision-making were the 
skills that best predict a performance level 
similar to that of adult players.[16]

Even if it is obvious that football play-
ers require a wide range of game-specific 
skills, such as ball control, dribbling and 
shooting the ball, cognitive and percep-
tual skills are also crucial to success.[17] 
A study of visual, perceptual and cognitive 
skills in young players from English Pre-
mier League Academies showed that the 
elite players had superior perceptual and 
cognitive skills, compared with the sub-
elite players.[18] The authors suggested 
that these skills were important compo-
nents of the game-reading ability.[18]

1.2.3 High-intensity activities, 
metabolism and fatigue during 
football matches
Common playing actions that involve 
high physical demands include sprinting 
(high-intensity running), tackling, head-
ing the ball, passing the ball, changing 
the pace of running and sustaining force-
ful contractions to maintain balance and 
control of the ball.[10] Due to the long 
duration of the matches, the players are 
mainly dependent on aerobic metabolism, 
but there are match periods and playing 
situations involving high-intensity activ-
ity in which lactate accumulates and these 
short periods are often the most decisive 
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for the match outcome.[10] In between 
these short high-intensity periods, in 
which lactate accumulates, players need 
periods of low-intensity activity to remove 
lactate from their working muscles.[10] In 
fact, top-level football appears to be char-
acterised by five-minute intervals of high-
intensity running, followed by five-minute 
intervals in which players run with signifi-
cantly lower intensities.[12] An analysis 
of 360 goals at the highest level of Ger-
man male football showed that straight 
sprinting was the most frequent action in 
goal-scoring situations, demonstrating the 
importance of short activities that require 
both power and speed, during the most 
decisive moments of a football match.[19] 
Accordingly, perhaps the most crucial  
ability for top-level football players is  
to be able repeatedly to perform high- 
intensity work.[12] 

The average heart rates of players dur-
ing football matches are 85% of maximum 
values on average and the peak heart rates 
are close to maximum.[20] The average 
oxygen uptake is estimated to be around 
70-75% of the maximum values, although 
accurate measurements are difficult to 
perform.[20] In addition to post-match 
fatigue, players also experience temporary 
periods of fatigue during matches.[12, 
20] The large number of high-intensity 
activities players have to perform during 
a match leads to elevated levels of lactate 
and acidosis and increased concentrations 
of blood glucose and free fatty acids.[20] 
Muscle glycogen is an important source 
of energy during football matches, but 
the muscle glycogen stores are not always 
depleted during a match.[20] Moreover, 
insulin levels decrease and catecholamine 
levels increase, indicating a high rate of li-
polysis. The extent to which these chang-
es in metabolic responses contribute to 
the development of fatigue still remains  
unclear.[20]

Outfield FA Premier League players 
cover approximately 1,800-3,100 metres 
of high-intensity running during match-
es.[21] In the Spanish La Liga, players 
perform approximately 17 bursts of very 
high intensity activity, resulting in an av-
erage distance of more than 300 metres 
covered at the highest intensity level dur-
ing a match.[13] Possible differences be-
tween the findings in FA Premier League 
players’ and La Liga players’ performances 
may be explained in part by both different 
measurements and/or cultural differences. 
The amount of high-intensity running and 
sprinting also appears to be related to the 
success of the team.[22]. The periods of 
high-intensity running in the FA Premier 
League account for approximately 3% of 
the total match time, but the high-inten-
sity periods are not evenly distributed and 
the time proportion of these activities can 
double during the most intense match 
periods.[23] Interestingly, the top five 
English Premier League teams have been 
shown to cover a significantly shorter dis-
tance of high-intensity running, compared 
with teams in the middle, or at the bot-
tom of the table.[22] In accordance with 
this, a study following the physical perfor-
mance of a succesful Italian Serie A team 
over three seasons suggested that a better 
understanding of player roles, tactics and 
team organisation could help to reduce en-
ergy expenditure during a match, helping 
the teams to maintain a high-level perfor-
mance throughout the season.[24] How-
ever, another study showed that top-level 
players in an Italian Serie A and Champi-
ons League team performed significantly 
more high-intensity running and sprinting 
during matches compared with players in 
the top Danish league, who were thought 
to represent players of a relatively lower 
skill level.[12] A high level of heteroge-
neity in terms of the anthropometric and 
physiological characteristics among players 
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in top teams has been reported.[11] There 
are, however, probably also cultural and/
or regional differences in the physical and 
technical performances between different 
geographical regions, even at the top level. 
A study comparing these aspects between 
English Premier League and Spanish La 
Liga players showed that, on average, the 
English Premier League players covered a 
significantly longer distance in sprinting 
during matches, compared with Span-
ish La Liga players.[25] In the same way, 
South-American top-level players appear 
to cover significantly shorter total dis-
tances during matches, compared with FA 
Premier League players.[26] The underly-
ing reasons for these cultural differences 
are unknown.

In addition to the temporary periods 
of fatigue during matches, the high physi-
cal demands of football also lead to post-
match fatigue.[27] Post-match fatigue is 
associated with dehydration, muscle dam-
age, glycogen depletion and mental fatigue. 
Intrinsic factors, such as the training status 
of the players, player age, gender and mus-
cle fibre typology, are associated with the 
degree of fatigue that accumulates during 
a match.[27] In addition, extrinsic factors, 
such as match result, quality of opposition, 
playing surface and match venue, also ap-
pear to be associated with the development 
of fatigue.[27] 

As the match and training schedules 
of top-level players are often congested, 
teams are forced to apply recovery strate-
gies. Nutritional intake (milk drinks and 
meals containing high-glycaemic index 
carbohydrate and protein) after matches 
and cold water immersion have been used 
in recovery.[28] Importantly, sleep is an 
essential component of an efficient recov-
ery process.[28] Other common recovery 
strategies include active recovery, stretch-
ing, compression garments, massage and 
electrical stimulation, although scientific 

evidence relating to the efficacy of these 
methods is yet to be presented.[28] Cu-
riously, top-level Italian football players 
appear to cover both significantly longer 
total distances and distances made up of 
high-intensity running, during matches 
at the end of the season, compared with 
the start and the middle of the season.[12] 
This might suggest that players adapt to 
performing according to the increasing 
physical demands towards the end of the 
season. Or, alternatively, that players save 
themselves by reducing the running dis-
tances and the pace of running, in order 
to maintain an adequate performance level 
throughout the long season.

1.3 Health and 	
social benefits of 	
playing football

Although the present thesis focuses on 
injuries, it should be emphasised that foot-
ball as a sport, and thus as a form of physi-
cal activity, also has important benefits. 
Regular physical activity has been shown to 
have positive effects on various, common 
and deleterious health issues, such as high 
blood pressure, obesity and stress, as well 
as tobacco, alcohol and drug abuse.[29, 
30] Regular physical activity is also benefi-
cial for preventing and/or treating various 
common diseases, such as cardiovascular 
diseases, depression, type 2 diabetes, osteo-
arthritis, chronic obstructive pulmonary 
disease (COPD) and cancer.[29-31, 33-
36] Furthermore, regular physical exercise 
preserves physical and mental health and 
extends life expectancy.[29, 31, 32, 37] 
Beneficial effects of football, specifically 
on the psychological well-being of over-
weight boys,[38] on cardiac function,[39] 
on osteogenesis,[40] on hypertension[39, 
41] and for type II diabetes patients,[42, 
43] have been found. In addition, football 
appears to be useful in the rehabilitation 
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of patients suffering from prostate cancer 
[44, 45] and for improving functional  
ability and aerobic fitness in elderly 
men.[46] As one of the most popular 
sports in the world, football therefore has 
an important mission in improving health. 
In further support of this, FIFA has used 
football-based campaigns for health pro-
motion in children in South Africa, Zim-
babwe and Mauritius,[47, 48] showing that 
football may provide a framework for 
significantly improving health knowledge 
among children.

1.4 Consequences of 
football injuries and 
the importance of 	
epidemiological 	
research

Today, football is one of the most popu-
lar sports worldwide. In 2006, 265 mil-
lion players and five million referees and 
officials were registered at FIFA,[49] re-
flecting the vast popularity of the game. 
However, playing football at top level en-
tails a considerable risk of injury [50-55]  
and the consequences of injuries can be 
highly detrimental, for both teams and in-
dividual players. In view of the large num-
ber of football players, injuries are also a 
major problem for health care and society 
in general.

Studies of European male top-level 
football indicate that between 75-100% of 
the players in a team suffer football-related 
injuries and that a team of 25 players can 
expect an average of 50 injuries during the 
course of a season.[55, 56] An individual 
player suffers from a mean of 1.3-2.0 inju-
ries per season, which results in 24-37 days 
of lay-off from training or playing foot-
ball.[55, 57] There are limited data on the 
cost of injuries for a team, but, according to 
comments from the CEO (Chief Executive 
Officer) of a Ukrainian top-level club, the 

cost of having a first-team player injured 
for one month may be up to 500,000 eu-
ros (or approximately 687,000 USD).[58] 
Country-wide injury statistics, based on 
insurance company data, from Switzerland 
indicate that the annual cost of football in-
juries is around 130 million USD and that 
approximately half a million working days 
a year are lost due to football injuries.[59] 
Accordingly, the primary medical costs of 
football injuries have been estimated to be 
substantial [60]. 

The adverse consequences of football 
injuries are obviously not only reflected in 
high costs. A 11-year follow-up study of 
injuries in the UEFA Champions League 
showed that, on average, 14% of the play-
ers are unavailable to play matches, at any 
given time, due to injuries.[61] Perhaps 
unsurprisingly, another UEFA Champions 
League study showed that a low injury rate 
and high player availability were signifi-
cantly associated with an improved team 
performance, both at domestic league 
level and at international European cup 
level,[62] reflecting the potential negative 
effects of injuries on teams’ performances. 
Drawer and Fuller reported that, for al-
most half of all retired FA Premier League 
players, the reason for retirement was an 
injury.[63] Their data also indicated that 
almost a third of the retired players had di-
agnosed osteoarthritis in at least one of the 
joints of the lower extremities.[63] In fact, 
top-level football is associated with an in-
creased risk of knee and hip arthrosis later 
in life.[63, 64] As a result, both the short- 
and long-term negative consequences of 
football injuries for individual players can 
be substantial.

Considering the popularity of football 
and the various unfavourable consequences 
of injuries, research on the epidemiology of 
football injuries, their treatment and their 
possible prevention is of great importance. 
In a four-step model for injury prevention 
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in sports, suggested by van Mechelen,[65] 
the preventive measures should be based 
on the knowledge of injury incidence and 
severity, as well as on the identification of 
the aetiology and mechanisms of injuries.

A great deal of epidemiological re-
search has been conducted in order to 
identify risk factors for football injuries. 
This research has generally been based 
on insurance records, retrospective medi-
cal data, prospective injury surveillance, 
video analysis, or a combination of sev-
eral methods.[53-57, 60, 61, 66-75] 
The different methodologies have often  
made direct comparisons of the results dif-
ficult, or even impossible. The need for 
further epidemiological research is also 
highlighted by several studies of injury-
prevention strategies.[76-80] In order to 
make the results of different epidemiologi-
cal studies of football injuries comparable, 
guidelines and consensus statements on 

the methods of choice have been proposed 
by both FIFA and UEFA.[75, 81] Con-
sequently, most studies today apply these 
guidelines, making different studies in the 
field more comparable and complemen-
tary than before.

1.5 Incidence of 	
injuries in top-level 
male football and risk 	
factors for injuries

1.�.1 Injury incidence
Considering both player exposure to 
match play and training, the total in-
jury incidence of “time-loss” injuries in  
top-level football male football is estimat-
ed to be 6-11/1,000 hours of exposure. 
[55, 56, 61, 82-85] During match play,  
the incidence of time-loss injuries is es-
timated at 23-32/1,000 hours of match
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play,[54-56, 61, 82-84] while the injury in-
cidence during training is 1-6/1,000 hours 
and thus significantly lower than during 
match play.[52, 56, 61, 82-84, 86, 87] The 
fact that the total injury incidence is much 
closer to the injury incidence during train-
ing than during match play is most prob-
ably a result of the considerably higher 
player exposure during training, compared 
with the exposure during match play. 

The reasons behind the significantly 
higher injury incidence during match play, 
compared with training, are probably mul-
tifactorial. While the most common injury 
locations, injury diagnoses and the sever-
ity of injuries appear to be similar during 
match play and training, traumatic or acute 
onset injuries constitute a higher propor-
tion of the injuries during match play.[55-
57] Accordingly, injuries caused by player-
to-player contact (contact injuries) are 
significantly more common during match 
play than during training.[57] In contrast, 
muscular strains and ruptures are relatively 
more common during training, compared 
with match play.[57] One interesting find-
ing from a study by Waldén et al.[82] was 
that European top-level football players, 
representing their national teams, had a 
tendency towards a lower injury incidence 
during training compared with their team-
mates, despite having higher match expo-
sure. Although the tendency did not reach 
statistical significance (p=0.051),[82] 
speculative explanations for this tendency 
could be that injured players are often 
excluded from the national teams and/or 
that better players train with higher qual-
ity, as improving the quality of training has 
been shown to be an important aspect of 
injury prevention in football.[82, 88, 89] 
There could also, hypothetically, be genetic 
aspects that distinguish players that reach 
international level from other professional 
players. The study by Waldén et al. includ-
ed data on 266 European top-level players, 

of whom 56% were exposed to national 
team play and the follow-up period was 
one season.[82]

1.�.2 Risk factors

The risk factors for football injuries are 
traditionally divided into intrinsic and 
extrinsic risk factors.[60] The intrinsic 
risk factors are related to the individual 
biological or psychological characteristics 
of the player, while the extrinsic risk fac-
tors are related to playing circumstances or 
environmental variables.[60] The present 
thesis focuses on the influence of game-
related factors on injury incidence and 
accordingly on extrinsic risk factors for 
injuries.

Several intrinsic risk factors for foot-
ball injuries have been identified and also 
studied, with some contradictory results. 
Perhaps the most important identified in-
trinsic risk factor for injuries is a previous 
injury,[60, 84, 90-92] highlighting the im-
portance of the satisfactory rehabilitation 
of injuries during the lay-off period from 
match play. Other intrinsic risk factors that 
are being studied include player age,[60, 
90, 93, 94] player race/origin,[93] joint 
stability,[60, 90, 91] functional asymme-
tries in the lower extremities,[95] body 
composition,[90] muscle strength [90, 
92] and physical stress,[96] among many 
others.[60, 91, 97] Considering the large 
amount of research conducted in order 
to identify risk factors for football inju-
ries, giving a detailed description of all the 
findings to date would not be meaningful 
from the perspective of the present thesis. 
However, it is important to acknowledge 
that the intrinsic and extrinsic risk fac-
tors are probably not independent of each 
other and can probably influence each 
other.[97] This may be particularly true for 
psychological risk factors. The psychologi-
cal characteristics of a player are tradition-
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ally regarded as an intrinsic factor,[60] but 
changes in match conditions, which are 
regarded as extrinsic factors, may arguably 
affect the players’ psychological state dur-
ing a match. This is an important topic for 
the present thesis and it will be discussed 
in more detail below.

Extrinsic risk factors for injuries, or 
factors that relate to environmental vari-
ables and playing conditions, constitute the 
other large group of interest. Examples of 
extrinsic factors, and their association with 
injuries, that have been studied include 
foul play,[97] playing position,[60] field 
surface,[97-101] climatic factors,[97, 
102-103] condensed match calendar,[90, 
105, 106] contact between players/tack-
ling [71] and match period (or time in 
the match),[50-52, 54-56] among others. 
From the perspective of the present thesis, 
the extrinsic risk factors of particular in-
terest are playing position, different match 
periods, congested match calendar and 
foul play, all of which are studied in more 
detail in the present thesis.

1.6 Football-related 
injuries in other 
groups: women, youth 
football players, 	
lower skill levels 	
and referees

Although the present thesis focuses on 
top-level male football, epidemiological in-
jury research in other groups is equally im-
portant and thus deserves a brief mention.

1.�.1 Injury characteristics in 
women’s football

Junge and Dvorak conducted an injury-sur-
veillance study of football injuries in world 
football tournaments between 1998-2012, 
which included data on male and female 

players, as well as players from different 
age groups.[54] Their results demonstrated 
that the overall injury incidences for male 
and female players were similar, with the 
exception of FIFA World Cups, where 
men had a significantly higher injury in-
cidence.[54] In spite of this, differences in 
the circumstances of injury, as well as the 
injury diagnoses, between male and female 
players, have been demonstrated.[107] 
In particular,  head injuries (particularly 
concussions) and injuries to the anterior 
cruciate ligament have attracted attention, 
as their incidences in women’s football ap-
pear to be significantly higher than in male 
football.[54, 108-110] The extensive data 
from world football tournaments, obtained 
by Junge and Dvorak, demonstrated an in-
creasing and alarming trend in the injury 
incidence among women in international 
top-level tournaments,[54] highlighting 
the need for preventive measures.

1.�.2 Differences between  
age groups

Although player age is a factor included in 
many epidemiological studies of football 
injuries and although it appears to be as-
sociated with the risk of injury, the results 
of previous research are, to some extent, 
contradictory in this respect. Waldén et 
al.[83] studied the injuries in European 
Championship football and found no sta-
tistically significant differences in the inju-
ry incidences between the U-19 European 
Championships (in 2005) and the adult 
European Championships (in 2004). On 
the contrary, Hägglund et al.[111] report-
ed significantly higher injury incidences 
for adult male players in male European 
Championships, compared with male U-
19 and U-17 European Championships 
(between 2006-2008). A prospective in-
jury-surveillance study of English Youth 
Academy football players showed that the 
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incidence at academy level is almost half 
that seen in adult professionals.[112] Cho-
miak et al. conducted a prospective study 
of factors related to severe injuries to foot-
ball players of different age groups and 
skill levels.[91] The results indicated that 
the youngest players (14- to 16-year-olds) 
generally had  less severe injuries than older 
players.[91] They also found further differ-
ences in the injury types and the locations 
of injury between different age groups; 
spinal problems were relatively more com-
mon complaints for players between 14-
16 years of age than for other age groups, 
while 16- to 18-year-olds suffered relatively 
more joint sprains and fractures, compared 
with the other age groups.[91] One expla-
nation for the relatively high frequency of 
spinal problems in young players may be 
that, with increasing age, football players 
become less mobile with regard to the ro-
tation of the lumbar and thoracic portions 
of the spine.[113] The results of a study by 
Peterson et al.[114] indicated that players 
between 14-16 years of age are more prone 
to injuries than players between 16-18 
years of age, perhaps suggesting an injury-
preventive effect of skill development and 
improving physical performance. Logi-
cally, the anthropometric characteristics of 
players of different age groups are differ-
ent,[113] which could also partly explain 
some of the differences in injury epidemi-
ology when comparing youth players with 
adult players. A conclusion from a system-
atic review of strategies for the prevention 
of football injuries, with special emphasis 
on their applicability to youth players, was 
that more research should be conducted 
on the way strength training and condi-
tioning should be adapted to youth play-
ers.[115] As a result, the epidemiology and 
prevention of injuries in youth players is 
another important area of future research.

1.�.3 Injuries at lower skill levels
Previous research on differences in injury 
incidence between different skill levels has 
also produced some contradictory results. 
Peterson et al.[114] conducted a prospec-
tive injury-surveillance study of football 
players of different age groups and skill 
levels. The authors found that players at 
a lower level (playing in third-division or 
amateur teams) had a higher incidence of 
severe injuries, compared with players at 
other levels.[114] Players at a lower skill 
level also had a tendency towards a relatively 
high proportion of overuse injuries.[114] 
On the contrary, in a study of Dutch 
amateur football players, the incidence 
of injury during training was 3.4/1,000 
hours, compared with 21.9/1,000 hours 
during match play, figures similar to those 
reported for top-level players.[76] Accord-
ingly, a study of Icelandic football showed 
no difference in injury incidence between 
the top division and the first division (the 
second highest level).[90] The results of 
a study comparing the characteristics 
of injured and uninjured football play-
ers showed that injured players described 
their ball dribbling and long-pass skills as 
poor more frequently than uninjured play-
ers.[97] Players with a high skill level have 
also been shown to have a shorter reaction 
time after a 12-minute run than uninjured 
players.[116] Accordingly, a longer reac-
tion time after a 12-minute run has been 
shown to be more frequent in injured than 
uninjured football players,[97] presenting 
as a potential underlying factor for possible 
differences in the risk of injury between 
players at different skill levels. Moreover, 
playing football at an early age appears to 
be associated with a higher skill level later 
in life [116] and injured players appear to 
have a tendency towards having started 
to play football at a higher age, compared 
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with uninjured players.[97] Early profes-
sional education might thus have a pro-
tective effect on injuries. Considering the 
total number of football players registered 
with FIFA (over 260 million) [49] and that 
more than 65,000 football players are reg-
istered as professionals in FIFPro,[117] it 
can be concluded that the vast majority of 
football players play at amateur levels. Fu-
ture research should therefore also aim to 
investigate differences between the injury 
patterns at different levels of football and 
to assess the need for modified injury-pre-
vention strategies at the different levels.

1.�.� Referees should not  
be forgotten

The referees’ mission is to supervise and 
ensure that the laws of the game are ap-

plied and they can therefore be regarded 
as performing a possible injury preventive 
role. In order to perform their duties at top 
level, football referees have to cover dis-
tances of 9-13 km during a match, a large 
percentage of which has to be covered by 
high-intensity running.[118, 119] As a 
result, referees have to be fit for consider-
able physical efforts and consequently also 
run a risk of suffering injuries. During the 
2006 FIFA World Cup, 40% of the refer-
ees retrospectively reported having suffered 
an injury.[120] A study of Swiss referees, 
officiating at all levels of play, revealed 
injury incidences of 2.1/1,000 hours of 
match play and 0.1/1,000 hours of train-
ing.[121] Surprisingly, a prospective sur-
vey by Bizzini et al. of top-level referees, 
officiating at FIFA World Cup level, found 
that the injury incidence was as high as 
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20.8/1,000 hours,[120] approaching the 
injury incidence of top-level football play-
ers. For referees officiating at the top level,  
hamstring strains, calf strains and ankle 
sprains appear to be the most common 
injuries, while the most common loca-
tions of musculoskeletal complaints are 
the lower back, hamstrings, knees, Achil-
les tendons and calves.[120, 122] Clearly, 
there is a need for more epidemiological 
research on factors affecting the referees’ 
risk of suffering injuries and for develop-
ing injury-preventive measures designed 
specifically for referees.

1.7 Player exposure 
and its association 
with injuries 	
at top level

The consensus statement for epidemio-
logical research on football injuries states 
that player exposure should be recorded 
and the injury incidence should be related 
to this exposure.[81] European top-level 
teams play an average of 61 matches a year 
and organise 240 training sessions.[61] 
Largely due to injuries, the availability (i.e. 
percentage of the players available for foot-
ball activities) is lower than the full size of 
the squad, having been estimated at 77% 
for training and 86% for match play in a 
recent study of European top-level play-
ers.[61] Consequently, an individual Euro-
pean top-level football player may partici-
pate in an average of 34-36 matches and 
162-175 training sessions, resulting in an 
average exposure of 254 hours (213 hours 
of training and 41 hours of match play) 
to football per season.[55, 105] A study 
by van Beijsterveldt et al.[76] of injury 
prevention in Dutch male amateur play-
ers recorded mean player exposure of 69 
hours of training and 28 hours of match 
play, reflecting the considerable difference 

in exposure hours between the highest lev-
el and amateur level, especially in terms of 
the time spent in training.

Considering the substantial exposure 
time to football, especially at the top level, 
it is not surprising that a study including 
football players from different age groups 
and skill levels showed that more than a 
third of the players felt, at least occasion-
ally, overloaded by the matches and train-
ing sessions and that only 20.4% of the 
players felt completely recovered before 
the next match.[116] However, there is 
considerable variation in the number of 
matches played (per season) between dif-
ferent European leagues and between the 
players within a team.[105] The top play-
ers of teams have a higher match expo-
sure than other players, especially during 
the last ten weeks of a season, and players 
that participate in international tourna-
ments have a higher match exposure than 
the players that do not.[105] Even though 
national team players have higher match-
play exposure, they have not been found 
to run an increased overall risk of incur-
ring an injury during the season. On the 
contrary, they appear to have a tendency 
towards a lower overall training injury in-
cidence.[55, 105] Similarly, two studies by 
Carling et al.[123, 124] found no associa-
tion between injury incidence and fixture 
congestion during professional European 
football. Interestingly, a study by Dellal et 
al.[125] of European professional football 
players showed that, although the total in-
jury incidence was similar during congest-
ed and non-congested match fixtures, the 
training injury incidence was significantly 
lower during the congested periods, while 
the opposite was observed for match-play 
injury incidence. The authors discussed the 
potential effect of low-intensity exercise 
training on the lower training injury inci-
dence during the congested periods.[125] 



29

In fact, teams appear to reduce the training 
load during the congested periods.[126] 
Bengtsson et al.[106] studied muscle in-
juries in UEFA Champions League foot-
ball during a 11-year follow-up period and 
found a significant association between 
fixture congestion and an increased muscle 
injury incidence. The results suggested that 
the congested calendar had little influence 
on team performance,[106] which is sup-
ported to some degree by a study by Mohr 
et al.,[12] which suggested that top-level 
players might adapt to increasing physical 
demands towards the end of the playing 
season, which corresponds to the period 
with a high match frequency. 

However, a study focusing on players 
in 11 of the best European football teams 
found that 61% of the players with higher 
match exposure (more than one match 
per week) towards the end of the season 
either incurred an injury (29%) or under-
performed (32%), suggesting that a con-
gested match calendar could increase the 
risk of injury and lower performance dur-
ing the following period.[105] Similarly, a 
study of injuries in Icelandic league foot-
ball found that the match-play exposure 
was significantly higher for injured players, 
compared with uninjured players.[90]

1.8 Special 	
characteristics of 	
international 	
(national team) 	
football

The FIFA World Cup is played in the 
summer every four years, when the seasons 
of most domestic leagues are over. Each 
World Cup, since the 1998 FIFA World 
Cup in France, consists of 64 matches 
played by 32 participating teams and 
the tournament includes the preliminary 
group stage, as well as a knock-out stage, 

where the losing team is eliminated. The 
match schedule is intense and teams some-
times have only two full recovery days be-
tween matches.[127] 

The FIFA injury-surveillance system, 
which has been implemented in FIFA 
tournaments since 1998 [54] and in which 
team physicians report injuries on post-
match injury report forms, has defined an 
injury as any physical complaint sustained 
by a player that results from a football 
match or football training, irrespective of 
the need for medical attention or result-
ing time loss from football activities. The 
present thesis applies this definition, as 
the data are collected through this injury-
surveillance system. Many other studies of 
European top-level football and English 
football have used a time-loss definition of 
injury.[55-57] Partly due to the different 
injury definitions, the injury incidence in 
FIFA tournaments has been substantially 
higher than in studies of European league 
football and/or UEFA Champions League 
football.[50-53] However, comparing the 
incidences of time-loss injuries only, be-
tween studies of FIFA World Cups and 
two studies of European Championship 
football, the injury incidence appears to 
be somewhat higher in FIFA tournaments 
(40.1-50.7/1,000 match hours vs. 20.5-
41.6/1,000 match hours).[50-52, 83, 111] 
A comparison of the injury incidences 
between different international football 
tournaments, including female and youth 
football tournaments, also shows that the 
highest incidences are found in men’s FIFA 
World Cups.[45]

Previous research also indicates that 
there are some differences in injury mech-
anisms between international (national 
teams) football tournaments and other 
levels of top-level football. The studies of 
English league football have shown that 38-
41% of all injuries are caused by physical 
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contact between players,[56, 57] while the 
corresponding percentage in FIFA tourna-
ments is between 73-86%.[50, 51, 54] It 
would appear logical that, partly due to 
this, contusion is by far the most common 
injury type in international football (ac-
counting for 50-59% of all injuries).[50, 
51, 54, 128] In UEFA Champions League 
football, muscle strain is the most common 
injury type, while contusions rank third 
on the list.[55] An 11-year follow-up of 
UEFA Champions League football, repre-
senting the highest level of European male 
football, found that the three most com-
mon injury locations were the hamstrings, 
adductor muscle group and ankles.[61] A 
14-year follow-up from FIFA tournaments 
showed that the three most common in-
jury locations in FIFA World Cups were 
the thighs, lower legs and ankles, while 
the hip/groin region was only the seventh 
most common injury location.[54] These 
differences might largely reflect the differ-
ent injury definitions, as contusions may 
often not result in lay-offs from football 
and many of the injuries registered within 
the FIFA surveillance system will be ex-
cluded from any study applying a time-loss 
definition of injury. However, there may be  
additional, unknown factors that distin-
guish World Cup football from domestic 
league football, or tournaments within a 
specific confederation. The incidence of 
severe injuries in FIFA World Cups has 
been found to be surprisingly low com-
pared with studies applying the follow-up 
of injuries.[54] This could reflect the fact 
that the severity of injuries is often under-
estimated in post-match medical evalua-
tions of injured players, or that the risk of 
severe injuries in World Cup football is in 
fact lower. To date, no follow-up study of 
injury severity in World Cup football has 
been conducted.

The time trends in injury incidence 
for men’s World Cup football during the 

past 14 years indicate that the injury in-
cidence is decreasing.[54] In contrast, the 
total injury incidence in top-level Euro-
pean football has not decreased, although 
the incidence of ligament injuries is de-
clining, probably as a result of injury sur-
veillance and the application of preventive 
measures.[61] The time trends for injury 
incidence, separately for some common 
injuries, are described below.

1.9 Injury mechanisms 
and playing actions 
leading to injuries

Traumatic injuries constitute 76-94% 
of the injuries in match play.[55, 83, 
118] Contact injuries are one subgroup 
of traumatic injuries. In full-season league 
football, player-to-player contact is in-
volved in 38-62% of the injuries, while 
the same proportion in international top 
level tournaments (national team match-
es) is 63-86%.[50-52, 54, 56, 67, 83, 
104, 118] Contact injuries constitute a 
significantly larger proportion of match-
play injuries compared with training  
injuries.[57]

Tackling is an important playing ac-
tion when it comes to the cause of contact 
injuries. A tackle generally refers to any 
event that occurs during the normal course 
of the match and involves physical contact 
between two or more players, while one or 
more of the players challenge for posses-
sion of the ball.[71, 73, 129-13] Match 
performance analyses of top-level football 
reveal that players tackle an average of 
20 times during a match.[12] A study by 
Fuller et al.,[73] combining medical data 
(post-match injury reports filled in by team 
doctors) and video analyses of all tackle 
situations in international football tourna-
ments, showed that approximately 2% of 
all tackles result in an injury and that the 
injury mostly (in 74% of the cases) affects 
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the player who is tackled. Studies applying 
video analysis have also identified charac-
teristics of certain tackles that carry a high 
risk of injuries.[71, 132] Tackles with a 
direction from the side, tackles involving 
jumping vertically and/or tackles involving 
a clash of heads or two-footed tackles ap-
pear to involve a higher risk of injury than 
others.[71, 73] A high level of player er-
ror appears to be involved in the process of 
tackling, reflected by the frequent involve-
ment of foul play in tackles, which is argu-
ably mostly an undesirable tackle outcome 
for the tackling player.[73]

Common traumatic non-contact in-
jury mechanisms are jumping or landing, 
turning or twisting, running and shoot-
ing [56, 57] and almost all muscle injuries 
occur as a result of non-contact mecha-
nisms.[133] Non-contact injuries result 
in time-loss injuries more often than con-
tact injuries and also involve longer esti-

mated absences from playing football.[50] 
Non-contact injuries constitute a higher 
proportion of training injuries compared 
with match-play injuries.[56, 57] Over-
use injuries are non-contact injuries that 
occur via non-traumatic mechanisms and 
account for approximately 8-28% of all 
injuries.[55, 56, 82]

1.10 Common injury 
types and locations

Between �3-8�% of the injuries in foot-
ball affect the lower extremities, with 
contusions, muscle strains and ligament 
sprains as the most common types and 
the thigh, knee, ankle, lower leg and hip/
groin as the most common locations of 
these lower-extremity injuries, with slight 
differences in their relative proportions 
depending on the type of competition 
and/or injury definitions.[50-57, 82, 111] 
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In international football tournaments (na-
tional team matches), the most commonly 
affected body parts, following the lower 
extremities, are the head and neck (15% 
of all injuries), the trunk (8% of all inju-
ries) and the upper extremities (7% of all 
injuries).[54]

1.10.1 Thigh injuries

Some 13-29% of all injuries in football af-
fect the thigh [50-52, 55-57, 82, 90, 133] 
and thigh injuries constitute more than 
half of all muscle strains.[82, 133] The vast 
majority of thigh injuries are muscle strains 
of the hamstrings or the quadriceps mus-
cle, where the posterior (hamstring) strains 
are up to twice as common as the anterior 

ones.[55, 56, 82, 90, 93, 133] Roughly 
half the injuries affect the biceps femoris 
muscle, the most common location, fol-
lowed by the semitendinosus (16%) and 
semimembranosus (13%) muscles.[93] 
Contusions are also common, especially 
in World Cup tournaments.[50-52, 90, 
93] Tendonitis can occur as well and it has 
been shown to account for 2% of all thigh 
injuries.[93] In several studies, hamstring 
injuries have been identified as the most 
common type of time-loss injury[55, 61, 
83] and thus constitute perhaps the most 
challenging single group of injuries in 
football today.

The incidence of hamstring strains is 
between 2.4-4.1/1,000 hours of match 
play and 0.4-0.7/1,000 hours of train-
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ing.[84, 90] Almost all (91%) hamstring 
injuries occur as a result of non-contact 
mechanisms, with running as the most 
common injury mechanism.[86, 90] Only 
a small minority of thigh injuries occur due 
to overuse.[90] As is the case with most 
injuries in football, thigh injuries have a 
higher incidence during match play than 
during training.[90, 93] During matches, 
their incidence has a tendency to increase 
towards the end of each half.[93]

Most thigh muscle strains are mod-
erate or severe [81] and therefore cause 
a substantial injury burden for teams. A 
European top-level football club can ex-
pect an average of five to seven hamstring 
strains per season, leading to approximate-
ly 90 days and 15 matches missed.[55, 93] 
Previous research shows that 15-20% of 
all severe injuries affect the thigh and it 

also shows that hamstring strains are the 
most common severe injury type.[55, 82] 
Despite considerable efforts to prevent 
hamstring injuries,[134-136] an 11-year 
follow-up study of injuries in the UEFA 
Champions League showed no decreas-
ing trend in muscle injury incidence.[61] 
Hamstring strains and other thigh muscle 
injuries therefore remain a problem to 
be solved in top-level football. Especially 
considering the common nature of these 
injuries and the substantial resulting lay-
off times, epidemiological research and 
the subsequent development of effective 
prevention strategies are of great impor-
tance. As discussed further in this thesis, 
great efforts have been made to develop 
preventive measures for the most common 
types of football injury, with some highly 
encouraging results. For example, ankle 
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injuries display a decreasing time trend in 
European top-level football, most prob-
ably due to the emphasis on their preven-
tion at clubs.[137]

In European elite football, the inci-
dence of hamstring strains has been shown 
to be low during the preseason, after which 
it rises until it is two to three times higher 
during the competitive season (Septem-
ber to May) when all the high-intensity 
matches are played, with the injury peak 
observed in April.[55] Interestingly, the 
incidence of quadriceps strains did not 
vary substantially during the season.[55] 
However, another study of English elite 
footballers, by Woods et al.,[93] identi-
fied injury peaks in November and Janu-
ary.[93] It appears possible that many of 
the teams from the English study did not 
participate in Champions League match-
es and therefore had less match intensity  
during the spring and accordingly re-
ported a different seasonal variation than 
in the study referred to above. The ham-
string injuries that occur during training 
tend to peak in July and August.[93] In 
countries where the playing season has a 
different structure, for example, starting 
in the spring and ending in the autumn, 
the seasonal variation for thigh injuries is 
probably different.

The results of previous research, in 
terms of the risk factors, are somewhat 
contradictory. Fousekis et al.[95] did not 
find that a previous injury was a risk factor 
for a new hamstring injury, in contrast to 
Hägglund et al.,[84] who found a two to 
three times higher risk of hamstring injury 
during a season if the player had suffered 
a hamstring injury during the previous 
season. Árnason et al.[90] also identified 
previous hamstring strain as a significant 
risk factor for a recurring injury. A recur-
rence rate of 12% during the same season 
has been observed in English football.[93] 
Younger players have been shown to suf-

fer significantly fewer hamstring injuries 
than older players, while players of black 
ethnic origin have been shown to suffer 
significantly more hamstring injuries than 
players of other ethnic origins.[90, 93] 
Woods et al.[93] suggested that a larger 
number of type II muscle fibres and an 
anteriorly tilted pelvis were possible un-
derlying anatomical reasons for the higher 
risk observed in players with a black eth-
nic origin playing in English professional 
clubs. Goalkeepers have a significantly 
lower incidence of hamstring injuries than 
other playing positions,[93] probably be-
cause they run less during matches. Players 
with eccentric hamstring strength asym-
metries and functional leg asymmetries 
have been shown to run a higher risk of 
hamstring strain compared with other 
players.[95] Moreover, a trend towards 
a higher percentage of body fat has been 
shown among players suffering hamstring 
injuries, compared with other players.[90] 
Leg dominance does not appear to affect 
the risk of hamstring strains, in contrast to 
quadriceps strains, which tend to affect the 
dominant leg of players.[55] A compari-
son of the incidence of hamstring strains 
across different divisions of English foot-
ball reveals that the incidence is highest 
at the highest level,[93] perhaps due to a 
higher match and training intensity at the 
highest level, or possibly better quality of 
injury reporting.

1.10.2 Ankle injuries

Nine to nineteen per cent of all football 
injuries affect the ankle [50, 51, 54-57, 82, 
83, 90, 111, 137, 138] and the incidence 
of ankle injuries is approximately 1-2.3 
per 1,000 hours of match play and 0.2-0.4 
per 1,000 hours of training.[90, 111, 137] 
There appears to be some seasonal varia-
tion in the incidence of ankle injuries, with 
almost half the ankle injuries during a sea-
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son occurring in July, August and Septem-
ber – the first three months of the season 
(the cohort included English professional 
football players).[138] Ankle sprains have 
been found to decrease slightly during the 
past 11-year period in UEFA Champions 
League football.[137]

Most ankle injuries in football are 
ligament sprains,[50-52, 56, 57, 90, 138] 
which typically affect the lateral ligament 
complex, with the anterior talo-fibular 
ligament being the most commonly af-
fected structure.[138] Up to 51% of all 
time-loss ankle injuries are lateral ligament 
sprains.[137] In accordance with this, Ár-
nason et al.[90] found that lateral instabil-
ity and a positive anterior drawer test are 
more frequently found among footballers 
with a previous history of ankle ligament 
sprain than among those without. Contu-
sion is another common type of ankle inju-
ry, especially in international football.[52, 
53, 132] Other types of ankle injury are 
fractures and overuse injuries, such as ten-
donitis, paratendonitis and inflammatory 
synovitis.[137, 138] Syndesmotic sprains 
and ankle impingement are uncommon 
types of time-loss ankle injuries.[137]

Contact between players during match 
play is the most common cause of ankle 
injuries, with tackling or being tackled as 
the most common injury mechanisms.[57, 
132, 138] Up to 40% of ankle sprains have 
been found to be caused by foul play.[137] 
However, goalkeepers are an exception, as 
most of their ankle sprains appear to occur 
via non-contact mechanisms.[138] Com-
mon non-contact mechanisms for ankle 
injuries in football are landing, twisting 
and turning and – for goalkeepers – div-
ing.[138] The direction of tackles causing 
ankle injuries is usually from the side, with 
a medial or lateral direction of force.[132] 
Approximately 11% of all time-loss ankle 
injuries are re-injuries.[137] Video analy-
sis of ankle injuries in football has shown 

that the position of the ankle at the mo-
ment of injury is typically pronated, if the 
ankle is weight-bearing, and plantar flexed, 
if the ankle is non-weight-bearing.[132] 
The rotational axis of the ankle at the mo-
ment of injury is typically external or in 
eversion.[132] A previous ankle injury has 
been shown to be a significant risk fac-
tor for a new ankle injury in football.[90] 
Supporting this finding to some degree, 
Woods et al.[138] found that 32% of foot-
ball players who suffered an ankle injury 
wore some kind of external support, such 
as taping or joint support, at the moment 
of injury, perhaps suggesting that they had 
suffered a previous ankle sprain. In addi-
tion, Hawkins et al.[56] found that the re-
currence rate for ankle injuries was higher 
than the average recurrence rate for other 
injuries. However, Hägglund et al.[84] did 
not identify an ankle sprain during a season 
as a risk factor for an ankle sprain the fol-
lowing season in Swedish top-level league 
football. Waldén et al.[137] found that the 
vast majority of ankle sprains occurred in 
the dominant limb, while some other re-
searchers have found that leg dominance 
does not appear to affect the occurrence of 
ankle injuries.[138]

1.10.3 Knee injuries

Between 7-20% of all injuries in foot-
ball affect the knee [50-52, 55-57, 82, 
84, 90] and the incidence of knee inju-
ries resulting in time loss is approximate-
ly 2.3/1,000 hours in match play and 
0.2-0.5/1,000 hours in training.[84, 90]  
The cause of knee injuries is usually trau-
matic and, as with most injuries, they are 
more common during match play than 
training.[90] However, overuse injuries 
of the knee also occur; for example, pa-
tellar tendinopathy appears to be a rela-
tively common injury among elite foot-
ballers.[82, 90]
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Most knee injuries are ligament 
sprains, contusions and ligament rup-
tures.[50, 51, 54, 56, 82, 90] The ligament 
sprains of the knee are mostly moderate 
to severe.[90] The most commonly af-
fected structure is the MCL (53-76% of 
the knee ligament sprains), but also ACL, 
PCL, LCL injuries and meniscal tears oc-
cur.[55-57. 82, 90, 91, 139] Lundblad et 
al.[139] found that MCL injuries consti-
tuted more than 4% of the total time-loss 
injuries in UEFA Champions League foot-
ball during a 11-year follow-up period and 
that nearly 70% of time-loss MCL injuries 
were caused by contact mechanisms. Foul 
play was involved in 24% of the match-
related MCL injuries.[139] The study by 
Lundblad et al.[139] also showed that the 
rate of MCL injuries during the past 11 
years is declining.

Even though the knee is not the most 
common location of injury, its injuries 
constitute a large proportion (30-34%) of 
the more severe injuries.[53, 55, 82, 90, 
91, 114] Approximately a quarter of all 
time-loss knee injuries are severe.[55]

Previous knee injury is an important 
risk factor for a new knee injury [84, 90, 
91] and instability of the knee joint ap-
pears to be more frequent among players 
who have suffered previous knee ligament 
sprains.[90, 91]

1.10.� Hip and groin injuries

Studies in European elite football indicate 
that injuries to the hip and groin region 
constitute 12-16% of all injuries.[55-57, 
82, 90, 94] The 11-year follow-up UEFA 
Champions League study found that ad-
ductor injury was the second most com-
mon injury, constituting 12% of all time-
loss injuries.[61] In male World Cup 
football, injuries to the hip and groin con-
stitute a much smaller percentage (5-6%) 
of all injuries,[50-52] probably explained 

by the large proportion of contusions in 
these tournaments.[50-52] Their inci-
dence is between 3.7-4.0/1,000 hours of 
match play and 0.1-0.8/1,000 hours of 
training.[84] In contrast to most injuries 
affecting other parts of the body, the vast 
majority (73%) of hip and groin injuries 
result from overuse and only fewer than 
a third are traumatic.[94] Hip and groin 
injuries usually affect the muscles, with 
the adductors being by far the most com-
monly affected group (64%), followed by 
hip flexors/iliopsoas muscles (8%).[94] 
Adductor injuries are mostly adductor 
pain or muscle strains, which constitute 
9% of all injuries.[55, 90] The incidence 
of muscle strains to the groin is approxi-
mately 2.7/1,000 hours of match play 
and 0.2/1,000 hours of training.[90] Up 
to 21% of all muscle strains have been 
shown to affect the hip and groin[82] and 
adductor-related groin pain is one of the 
most common types of overuse injury.[82] 
Importantly, hip and groin injuries con-
stitute a heterogeneous group; a study of 
European elite footballers found 18 dif-
ferent diagnoses for hip and groin inju-
ries over a study period of seven consecu- 
tive seasons.[94] Unspecified groin pain 
accounts for approximately 5% of the hip 
and groin injury diagnoses,[94] perhaps 
reflecting the challenging nature of the di-
agnostics for this region. Supporting this, 
US (ultrasound) and MRI (magnetic reso-
nance imaging) are commonly used in the 
diagnostic evaluation of these injuries.[94] 
Femoro-acetabular impingement and 
labral tears have recently attracted more 
attention and they may have been under-
estimated in some previous studies.[94]

The mean lay-off resulting from hip 
and groin injuries is 15 days.[94] More 
than half the injuries are moderate or se-
vere (result in lay-offs longer than eight 
days)[94] and about 12% are severe (result 
in lay-offs of over 28 days).[55] Hip and 
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groin injuries thus constitute approximate-
ly 9-10% of all severe injuries.[55] Fifteen 
per cent of hip and groin injuries are re-in-
juries and re-injuries result in significantly 
longer lay-off periods than the initial inju-
ries (23 vs. 14 days, on average).[94] 

A previous injury is an important risk 
factor for a new injury.[84, 90] Other pos-
sible risk factors are higher age and a high-
er percentage of body fat.[90] However, 
another study showed no significant varia-
tion in the incidence of hip and groin inju-
ries over different age groups.[94] Árnason 
et al.[90] found that players who suffered 
groin injuries also had a tendency towards 
a lower hip ROM (range of motion) and 
higher maximum average muscle power 
in the extension stage of a squat exercise, 
compared with non-injured players.

A UEFA injury study showed that 
the incidence of hip and groin injuries 
remained constant over a period of seven 
consecutive seasons.[94] However, there 
was variation in the incidence within the 
season, with March, followed by October 
and November, as the month in which the 
injuries peaked.[94] May was the month 
with the fewest hip and groin injuries, per-
haps reflecting the lower match-play inten-
sity during this month.[94]

1.10.� Lower leg injuries

The lower leg is the most commonly in-
jured body part in men’s World Cup foot-
ball and it is affected in 21% of all inju-
ries.[54] Most injuries to the lower leg are 
contusions and they tend to be less severe 
than most other injuries.[90] Overuse in-
juries to the lower leg also occur.[90] A 
study by Fuller et al.[71] of tackles in in-
ternational football found that the lower 
leg was the most commonly affected body 
part in injuries resulting from tackles. 
The 11-year follow-up study of injuries in 
UEFA Champions League football found 

that calf muscle injuries were the fifth 
most common type of time-loss injuries, 
preceded by hamstring injuries, adductor 
injuries, lateral ankle sprains and quadri-
ceps muscle injuries.[61]

1.10.� Head and neck injuries

The rates of head injuries in sports are in-
creasing worldwide and research on the 
topic has recently been incremental.[140] 
Most concussions in sports are caused by 
contact mechanisms [141] and the risk  
in football is therefore logically consider-
able. In fact, 15% of all injuries in interna-
tional football tournaments affect the head 
and neck and 11% of these injuries are 
concussions.[142] The head and neck inju-
ry incidence in European top-level football 
is considerably lower, with only 2.2% of all 
time-loss injuries affecting the head/neck 
region.[143] Fuller et al.[142] conduct-
ed a prospective study of head and neck  
injuries in international football tourna-
ments and found that contusions, lac-
erations and concussions were the most  
common types of head and neck injury. 
Playing actions that were found to be most 
likely to cause a head or neck injury were 
aerial challenges with unfair use of the up-
per extremities.[142]

Neselius et al.[144] showed that re-
petitive minor traumatic brain injuries in 
Olympic (amateur) boxing, even without 
clinical or anamnestic signs of concussion, 
are associated with elevated levels of bio-
markers indicating minor central nervous 
injury in the cerebrospinal fluid. They 
concluded that these repetitive injuries 
could be associated with an increased risk 
of chronic traumatic brain injury.[144] 
It could be hypothesised that heading in 
football could result in somewhat similar 
repetitive mild traumatic brain injuries. 
However, a recent study by Vann Jones 
et al.,[145] in which retired professional 
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football players were screened for cogni-
tive impairment, did not reveal an elel-
evated risk of negative long-term conse-
quences for cognition in football players. 
These findings suggest that heading would 
not be associated with negative long-term 
consequences, which is also supported  
by a systematic review of central nervous  
system injuries in sport and recreation by 
Toth et al.[146]

1.11 Foul play as an 	
injury-causing factor

In 18�3, the same year in which the FA 
was founded, the first rulebook for foot-
ball was written in England. The objective 
was to unify the rules and the way football 
should be played and the players were ex-

pected never deliberately to commit fouls. 
Consequently, it was not until almost thirty 
years after the writing of the first rulebook 
that penalty kicks (then called “the kick of 
death”) were introduced. Before that, there 
had been no referee on the field and it was 
the team captains’ responsibility to reach a 
mutual agreement. With increasing popu-
larity and competitiveness associated with 
the game, it became necessary to have in-
dependent agents to ensure that rules were 
applied and referees were introduced in 
1891. After its foundation in 1904, FIFA 
has been responsible for developing and 
modifying the rules and today the laws of 
the game apply worldwide.[147]

Today, according to the laws of the 
game, a foul in football is an infringe-
ment of the rules, leading to a free kick 
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or a penalty kick. This definition includes 
the use of excessive force and careless or 
reckless offences on opponents by players 
or teams.[140] In addition, the following 
requirements for a foul have been outlined 
by FIFA. (1) It must be committed by a 
player, (2) occur on the field of play and 
(3) occur while the ball is in play.[140]

Foul play is involved in the cause of 
injury in between 14-37% of all injuries in 
football [50, 52, 54-56, 83, 84, 111, 114] 
and in 35-80% of injuries resulting from 
contact between the players.[51, 52, 54, 
73, 128, 129] Foul play is thus regarded as 
the most important extrinsic risk factor for 
injuries in football.[60]

The injuries caused by foul play are of-
ten sprains or contusions affecting the low-
er extremities (mainly the ankle, lower leg, 
thigh and knee).[50, 55] Although foul 
play injuries appear to be less severe than 
other injuries,[83] they are responsible for 
approximately 21-31% of all severe inju-
ries.[82, 97, 111] Foul play injuries have 
been found to occur evenly between the 
two halves of a match.[55] 

A video analysis of 8,572 tackles in 
international football tournaments found 
that 40% of the tackles involved a foul.[73] 
Junge et al.[116] found that 90% of foot-
ball players were mentally ready to commit 
a (“professional”) foul if required, depend-
ing on the score and importance of the 
match. This suggests that the incidence of 
foul play injuries could increase in certain 
match conditions, related to the current 
score, for example. Despite the recurring 
acknowledgement of the role of foul play 
in injury causation during football match-
es, detailed comparisons between foul play 
injuries and non-foul play injuries are rare 
in the literature.

There is no consensus on the defini-
tion of foul play injuries. Neither the 
consensus statement on injury definitions 

and data-collection procedures in studies 
of football (soccer) injuries,[81] nor the 
Union of European Football Association’s 
(UEFA) model [75] has included a defi-
nition of foul play injuries. Some authors 
have based their definition of foul play 
injuries on the referees’ decisions,[55, 82] 
while others base them on the team phy-
sicians’ reports.[50-54] Fuller et al.[138] 
found that the proportion of contact inju-
ries identified as fouls by the match referee 
varied depending on the area of the pitch 
and that they were lowest in the attack-
ing goal area. Hot or cold environmental 
conditions do not appear to affect referees’ 
decision-making ability.[149] However, 
referees’ decisions may be affected by other 
environmental factors, such as home/away 
team status, match period and the size of 
the crowd.[150, 151] These findings may 
perhaps support the choice when it comes 
to defining foul play injuries according to 
team physicians’ estimation, which is also 
based on the post-match assessment of the 
player.[54] Team physicians may also use 
complementary information, such as vid-
eo material and the players’ descriptions 
of the injury situations, as a basis for their 
decisions, whereas the match referees have 
to make a decision within a very narrow 
time frame and under pressure. According-
ly, the definition of a foul play injury ap-
plied in the present thesis is based on team  
physicians’ reports.

Research on differences between foul 
play injuries and non-foul play injuries 
may be beneficial from an injury-preven-
tion point of view. For example, in ice-
hockey, changes to the rules of the game 
(“checking from behind rule”) have re-
duced the number of severe spinal inju-
ries.[152] There are also indications that 
severely sanctioning certain types of foul 
in football could reduce the number of 
concussions.[51] Fuller et al.[142] studied 
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the epidemiology of head and neck inju-
ries in international football tournaments 
and found that the use of upper limbs in 
vertical jumps was the most common rea-
son for severe head injuries. As a result, the 
International Football Association Board 
instructed referees severely to sanction 
this type of foul and the number of head 
injuries dropped from 25 to 13, between 
the 2002 FIFA World Cup and the 2006 
FIFA World Cup.[51] Further examples of 
changes to the rules, in order to prevent in-
juries, can also be found in sports includ-
ing youth rugby and American football, 
among others.[153]

1.12 The variation 	
in injury incidence 	
during a football 
match

The time (minute) in the match when 
injuries occur has been the focus of many 
studies, resulting in somewhat varying 
results. In the 2010 FIFA World Cup, 
the number of injuries steadily increased 
towards the end of the match, with ap-
proximately 67% of the injuries occurring 
in the second half.[52] In the 2006 FIFA 
World Cup, the injury frequency was high-
est during the last 15 minutes of the first 
half,[51] while, in the 2002 FIFA World 
Cup, the incidence of injury was similar 
in both halves of the match, increasing to-
wards the end of each half.[50] A study by 
Ekstrand et al.,[55] in which 23 first-team 
squads from the best teams in Europe were 
followed during the 2001-2008 seasons, 
revealed an increase in traumatic injuries 
over time towards the end of both halves, 
suggesting that tiredness may be an impor-
tant factor. A study of English professional 
club team footballers showed a similar pat-
tern, with an increasing number of injuries 
occurring towards the end of each half, 

with the incidence of injuries being signifi-
cantly higher in the second half.[56]

There are considerable changes in 
the physical performance of players dur-
ing the course of a match, some of which 
could speculatively affect the players’ risk 
of suffering an injury. During the second 
half of football matches, the total running 
distance covered, and the match intensity, 
as well as the distances covered by sprint-
ing and running at high intensity, decrease 
compared with the first half.[10, 12, 13, 
21, 22, 26, 154] Players might aim to save 
energy during the second half by increasing 
the distance covered by walking and jog-
ging and reducing the amount of running 
at high intensity,[13] in order to ensure 
that they last until the end of the match. 
Moreover, the recovery time between bouts 
of high-intensity running has been shown 
to become longer towards the end of the 
match.[21] Likewise, the frequencies of 
passing, ball possession and duels also ap-
pear to decrease closer to the end of the 
match.[154] In accordance with this, the 
lactate levels tend to decrease in the sec-
ond half, compared with the first half.[10] 
However, an analysis of the effect of high-
intensity physical efforts in top-level foot-
ball on skill-related performance, measured 
as frequency and proficiency in ball posses-
sion, passing, duels and other match activ-
ities, did not show a significant decline in 
skill-related performance following match 
periods of the highest intensity.[154] An-
other study of top-level Italian and Danish 
footballers showed that the frequency of 
tackles was significantly lower during the 
second half compared with the first.[12] 
This suggests that players at the top level 
are able to maintain a high level of football 
skills, even during periods of fatigue.[154] 
In addition to any potential tactical advan-
tages, substituting players also provides a 
mean for teams to maintain a higher level 
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of match intensity during the second half. 
A study of the match performance of top-
level football players showed that substi-
tute players performed 25% more of the 
high-intensity running and 63% more of 
the sprinting in the last 15 minutes of the 
match, compared with players who had 
played the entire match.[12]

1.13 Psychological 	
risk factors for 	
football injuries

The influence of psychological risk fac-
tors for injuries in sports has probably 
been traditionally undervalued.[155] For 
sports in general, high competitive anxi-
ety, poor coping skills, a high anger trait 
and the outward expression of anger ap-

pear to be associated with a greater risk of 
injury.[155] Junge et al.[116] studied the 
psychological and sport-specific character-
istics of European football players of dif-
ferent age groups and skill levels and found 
that football players with fewer previous 
injuries show fewer of these psychological 
characteristics associated with an increased 
risk of injuries, compared with football 
players with a history of more injuries. 
The results from the same study, by Junge 
et al.,[116] also indicate an association 
between a higher than average injury fre-
quency and worrying about performance 
and/or peaking under pressure. Moreover, 
a lower score on a “free from worries” scale, 
life event stress and changing clubs during 
the previous season have all been associated 
with a higher risk of injury in football.[97, 
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116] Injured football players also describe 
themselves as “fighters” when trying to get 
past an opponent more often than unin-
jured players.[97] However, this might 
reflect poorer footballing skills among in-
jured players, rather than a psychological 
characteristic, as some studies have shown 
an association between a lower skill level 
and a higher risk of injury.[97, 114] 

Fuller at al.[156] assessed the relation-
ship between professional football players’ 
behaviour and injuries. The results indi-
cated that injuries in football were likely to 
be caused by deliberately aggressive behav-
iour on the part of certain players.[156] 
Accordingly, Rascle et al.[157] found dif-
ferences in football players’ perceived le-
gitimacy of aggression, partly dependent 
on the current score in the match. Junge 
et al.[116] found that most football play-
ers regard provocation and “hidden” fouls 
as part of the game. These authors also 
found that more than half the players who 
become the objects of hidden fouls tend 
to get their revenge for the foul by acting 
similarly.[116] Considering these findings, 
and the competitive nature of the game, 
match events could theoretically, as a result 
of a change in the psychological states of 
players, also affect the players’ risk of suf-
fering injuries, when it comes to contact 
injuries, for example.

1.14 Video analysis of 
football injuries

Video analysis of football injuries can op-
timally give the researcher the opportunity 
to study injury mechanisms and circum-
stances of injury as they occur in matches 
and video analysis methodologies have 
been increasingly used for epidemiological 
research on football injuries – specifically, 
for studying mechanisms of specific inju-
ries,[68, 69, 132] for studying tackles,[71, 
131] and for describing injury circum-

stances or playing actions leading to inju-
ry.[66, 67, 70, 72, 74, 158] Some of these 
studies have focused on injuries to specific 
body parts,[68, 69, 132]  while others have 
focused on injuries in general.[66, 67, 70-
72, 74] In addition, video analysis has 
been used to assess the accuracy of referees’ 
decisions and to assess whether the laws of 
the game should be modified in order to 
prevent injuries.[129, 159] The methods 
have, so far, been found to be more useful 
for describing playing situations and ath-
lete/opponent movements than for evalu-
ating joint biomechanics.[160]

Hawkins and Fuller [66] were among 
the first to apply video analysis in epidemi-
ological research on football injuries. They 
combined video recordings from matches 
in the 1994 FIFA World Cup with medi-
cal data obtained from newspaper reports 
(media coverage).[66] Later, these authors 
applied video analysis in analysing in-
juries in European Championship foot-
ball, English Premier League football and 
English First Division matches.[67] Since 
then, Fuller et al.[71] have studied tack-
les and their propensity to cause injuries 
in international football tournaments. By 
combining tackle data, obtained through 
video analysis, with medical injury data, 
obtained through the prospective injury-
surveillance system developed by FIFA/F-
MARC,[53, 54] they were able to identify 
certain tackle parameters with a high pro-
pensity to cause injuries.[71] They found 
that tackles involving a clash of heads and 
two-footed tackles were the most harmful 
kind of tackles, for both tackling players 
and for the players being tackled.[71] They 
also identified tackles from the side as be-
ing especially harmful for the tackling play-
ers.[71] Based largely on the same method-
ology, Fuller at al. further assessed the level 
of player error associated with the process 
of tackling, the adequacy of the laws of 
the game related to tackling situations, as 
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well as the referees’ ability to identify fouls 
in tackling situations.[71, 73, 129] These 
studies provide a good example of how 
video analysis can be used successfully to 
identify playing actions with a high risk of 
injuries. However, these studies have not 
taken account of playing actions preceding 
the tackles, or the match circumstances in 
which they occur.

In contrast, Rahnama et al.[158] stud-
ied the injury risk associated with 16 play-
ing actions in the English Premier League, 
during the 1999-2000 season. They used 
a video-based definition of injury, where 
an injury was defined as “receiving medical 
treatment on the pitch”.[158] Rahnama et 
al.[158] analysed 10 matches, which re-
sulted in almost 18,000 recorded playing 
actions, but, as there were relatively few 
injuries, the method did not enable the 
drawing of any conclusions about the risk 
of injury associated with these actions. In 
2003, Andersen et al.[72] described a vid-
eo-based method, FIA (Football Incident 
Analysis), for analysing what were referred 
to as “injury risk incidents”, using foot-
ball-specific variables. FIA was developed 
as a descriptive tool for analysing playing 
actions and match circumstances leading 
to injury risk incidents and this method 
has since been applied in several studies. 
[70, 74, 159, 161] 

According to the FIA methodology, 
an injury risk incident refers to any situa-
tion in which the match is interrupted by 
the referee, or a player is on the ground 
for more than 15 seconds, or the player 
appears to be in pain or receives on-pitch 
medical treatment.[70, 72, 74, 159, 161] 
Some previous studies have combined 
video analysis data, obtained by FIA, with 
medical data based on reports from teams’ 
medical personnel.[70, 74] These stud-
ies have shown that linking non-contact 
injuries with the injury risk incidents is 
often difficult, in contrast to contact inju-

ries.[70, 74] Bjørnboe et al.[161] analysed 
injury risk incidents in professional Nor-
wegian male football by applying FIA and 
included an analysis of tackle situations, 
as proposed by Fuller et al.[71] However, 
they did not include medical data in the 
analysis, making it impossible to iden-
tify actions that resulted in injuries. Using 
FIA, injury risk incidents are categorised 
according to 19 variables, each with two or 
more categories related to playing actions 
preceding the incident.[72] However, no 
specific patterns for the playing situations 
leading to injuries have yet been identified 
by applying the FIA methodology. FIA has 
been used as a descriptive tool,[70, 72, 74, 
159, 161] but the injury risk associated 
with individual variables has not previ-
ously been studied.

1.15 Prevention of 	
football injuries

Considering the immense popularity of 
football and the potentially serious conse-
quences of injuries, there is a huge need 
to develop strategies aimed at preventing 
football injuries. The first randomised 
study of injury prevention in football orig-
inated from Sweden in the early 1980s; 
Ekstrand et al.[88] showed that football 
injuries could be reduced by up to 75% 
with a multicomponent injury-prevention 
programme, supervised by doctors and 
physiotherapists. The programme included 
interventions, such as correction of train-
ing, choice of optimal equipment, ankle 
taping, controlled rehabilitation of inju-
ries and excluding players with a high level 
of knee instability, as well as educational 
measures about the risks of injury during 
training and the importance of disciplined 
play.[88] The prevention programme 
was based on a series of prospective epi-
demiological studies, also conducted by 
Ekstrand et al., of risk factors for football 
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injuries.[162-164] The success of the pre-
vention programme therefore serves as an 
encouraging example of how epidemiolog-
ical research can be optimally applied to 
improve players’ health.

Since the early 1980s, a great deal of 
research has been conducted, both in order 
to identify new risk factors for injuries and 
aimed at developing prevention strategies 
based on the identified risk factors. Some 
studies have aimed at preventing specific 
injuries, or injuries to specific locations, 
while other more generalised prevention 
programmes have aimed to reduce the 
general injury incidence.[59, 165] Cur-
rent data from 44 top-level football teams 
worldwide demonstrate that clubs at the 
highest level include an injury-preven-
tion programme in their training.[166] 
The same study showed that 73% of the 
clubs applied both individualised and gen-
eralised prevention programmes for their 
players.[166] Some of the scientific and 
clinical advances resulting from these pre-
ventive strategies are summarised below.

1.1�.1 Generalised  
injury-prevention programmes

The first generalised, or multi-component, 
prevention programme was developed by 
Ekstrand et al.[88] in the 1980s. The au-
thors of another pioneering study from 
the same period, applying injury sur-
veillance in football, recommended that  
the emphasis should be placed on an ad-
equate warm-up in order to prevent inju-
ries.[164] At the beginning of the millenni-
um, Junge et al.,[89] designed a generalised 
injury-prevention programme for amateur 
youth football. The programme consisted 
of the education and supervision of both 
coaches and players, in order to improve 
the quality of training.[89] Essential com-
ponents included warm-up, cool-down, 
taping of ankles with instability, promo-

tion of fair play and a series of specific co-
ordination, stability and strength exercis-
es.[89] The results of the study revealed a 
21% reduction in injuries compared with 
the control group.[89]

Encouraged by the promising results, 
a programme called “The 11” was devel-
oped and tested countrywide, in Swiss 
male and female amateur football, with the 
cohort including players from different age 
groups.[59] ”The 11” was a programme 
based on eleven components, including 
ten exercises aiming at core stabilisation, 
eccentric exercises, improved propriocep-
tion, dynamic stabilisation and plyometric 
exercises, as well as a final 11th component: 
the promotion of fair play.[59] The results 
of the countrywide study showed a reduc-
tion of 12% in match injuries and 25% in 
training injuries, with an especially high re-
duction in non-contact injuries (27%), for 
teams applying “The 11”, compared with 
teams that did not.[59] Steffen et al.,[167] 
from the Oslo Sports Trauma Research 
Centre (OSTRC; wwww.ostrc.no), tested 
“The 11” in a randomised, controlled trial 
of female youth football players and found 
no significant injury-preventive effect. 
These authors speculated that a reason for 
the lack of significance was poor compli-
ance with the programme.[167] Likewise, 
van Bejsterveldt et al.[76] studied the in-
jury-preventive effect of “The 11” on male 
amateur players in the Netherlands and 
found no preventive effect. 

Consequently, an improved version 
of the programme, now called ”The 11+”, 
was developed.[168] The new programme 
was designed to replace the usual warm-
up, aiming at improving strength, aware-
ness and neuromuscular control, during 
both static and dynamic movements.[168] 
“The 11+” significantly reduced the risk of 
overall injuries, severe injuries and over-
use injuries, in a cluster-randomised, con-
trolled trial in Norwegian female youth 
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football players.[168] Another study, by 
Soligard et al.,[169] showed that the de-
gree of compliance did in fact affect the 
injury-preventive effect of “The 11+”, with 
players with high compliance having a sig-
nificantly lower injury risk than players 
with intermediate compliance. Compli-
ance is thus an important issue to take into 
consideration when designing injury-pre-
ventive measures. Positive effects of “The 
11+” on functional balance, neuromus-
cular control, knee flexor strength, static 
and dynamic balance and thigh muscle 
strength have also been reported.[170] 
“The 11+” programme is accessible on-
line at www.f-marc.com/11plus/manual/. 
It has three parts, with durations of eight, 
10 and two minutes respectively. The first 
and the third part include different types 
of running exercises. The first part includes 

running exercises performed at slow speed, 
while the third part comprises moderate- to 
high-speed running exercises. The second 
part of the programme comprises six sets 
of exercises, aiming at improving core and 
leg strength, balance and agility. The exer-
cises in the second part can be performed 
at three levels of increasing difficulty.

Moreover, other generalised studies 
have shown encouraging results. A study 
by Heidt et al.[171] of injury prevention 
in female youth football players showed 
promising results after applying a seven-
week preseason conditioning programme. 
Another cluster-randomised, controlled 
trial, by Emery et al.[172] showed sig-
nificant reductions in all types of injury 
in Canadian youth football (male and 
female), as a result of a football-specific 
neuromuscular prevention programme.  
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The programme included dynamic stretch-
ing, eccentric strength, agility, jumping 
and balance exercises, as well as home-
based balance training with a wobble board 
and stretching.[172] Further advantages  
of neuromuscular training programmes 
are that they are easy to implement and 
have low costs [173] and this may increase 
compliance.

1.1�.2 Preventive programmes 
with a more specific approach

The injury-prevention programmes de-
signed to prevent specific football injuries 
have logically concentrated on the most 
common, or severe, injuries. As discussed 
above, a total of 29-58% of all injuries 
in football affect the thigh, the ankle, or 
the knee. Consequently, a great deal of 
research has focused on the prevention  
of hamstring injuries,[134-136] knee in-
juries [174-177] and ankle injuries [178-
180] in football. ACL injuries, which 
are often severe and result in long lay-off  
periods from football, are especially prob-
lematic knee injuries.[79, 91] Many stud-
ies of the prevention of knee injuries have 
therefore focused specifically on ACL inju-
ries.[174-177]

As hamstring injuries are the most 
common time-loss injuries in football, the 
interest in ways of preventing them is hard-
ly surprising. Askling et al.[135] were able 
significantly to reduce hamstring injuries 
in Swedish top-level male football play-
ers, who performed a hamstring-specific 
preseason training programme, compared 
with players who performed ordinary 
training. The training programme consist-
ed of a total of 16 training sessions during 
a 10-week period during the preseason and 
was specifically designed for the eccentric 
overloading of the hamstrings, although 
it also included concentric exercises.[135] 
The study by Askling et al.[135] is rare, as 

it only focuses on top-level players. Like-
wise, the results of a study by Árnason et 
al.[134] showed a significant reduction in 
hamstring injuries in Norwegian and Ice-
landic top-level football, by applying an ec-
centric strength training programme of the 
hamstrings (the Nordic hamstring). The 
preventive effect of the Nordic hamstring 
exercise on acute hamstring injuries was 
later shown in a randomised, controlled 
trial involving Danish male top-level and 
amateur players.[136]

Considerable efforts have also been 
made to develop prevention programmes 
for ACL injuries. In 1996, Caraffa et 
al.[176] demonstrated that ACL injuries 
could be reduced in amateur and semi-
professional football by gradually increas-
ing proprioceptive training with a wobble 
board. On the other hand, Söderman et 
al.[181] tested the injury-preventive ef-
fect of balance-board training on lower 
leg injuries, in a randomised intervention 
involving Swedish female football play-
ers, and found no preventive effect. The 
authors suggested that possible explana-
tions for the contradictory results, in com-
parison with the results of Caraffa et al., 
could reflect differences in study popula-
tions, differences in the total training ex-
posure, or an unexpectedly high drop-out 
rate.[181] 

Low compliance can be a major is-
sue, even with specific prevention pro-
grammes, as has been demonstrated by a 
randomised, controlled trial, conducted 
by Engebretsen et al.[182] on Norwegian 
1st, 2nd and 3rd division football play-
ers, in which only 29% of the players in 
the intervention group followed the pro-
gramme. They did, however, show that 
the players who ran an increased risk of an 
ACL injury could be identified by a simple 
questionnaire.[182] The results of a num-
bers-needed-to-treat analysis of neuromus-
cular training programmes for preventing 
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ACL injuries in female athletes supported 
the use of neuromuscular training in the 
prevention of ACL injuries.[175] Häg-
glund et al.[183] conducted a randomised, 
controlled trial, in which the injury-pre-
ventive effect of a neuromuscular training 
programme was tested on adolescent ama-
teur female football players. The results 
presented by Hägglund et al.[183] showed 
that players in the high-compliance group 
had significant reductions in their ACL in-
jury rates, compared with players with low 
compliance. Players with high compliance 
also had significant general reductions in 
severe knee injury and any acute knee in-
jury rates, compared with players with low 
compliance.[183] These results further 
emphasise the importance of considering 
compliance issues, when designing injury-
prevention programmes. Furthermore, a 
cost-effectiveness analysis of prevention 
and screening for ACL injuries in youth 
athletes showed that neuromuscular train-
ing was a cost-effective measure for reduc-
ing both the costs and morbidity of these 
injuries.[173] Alentorn-Geli et al.[174] re-
viewed the prevention programmes aimed 
at reducing ACL injuries in football and 
concluded that multi-component pro-
grammes are to be preferred, compared 
with single-component programmes, and 
that the injury-preventive measures should 
not be limited to the preseason. The au-
thors suggested that compliance issues may 
be the most important single limiting fac-
tor of studied interventions.[174] As dis-
cussed previously, ACL injuries are a ma-
jor concern in female football and many of 
these studies have included female players. 
It is therefore not surprising that a recent 
systematic review of prevention strategies 
for non-contact ACL injuries, for male 
athletes specifically, demonstrated that the 
data available to date are scarce and that it 
is therefore impossible to draw conclusions 
about optimal preventive strategies.[177]

Like the strategies designed to prevent 
hamstring injuries and ACL injuries, strat-
egies for preventing injuries to other spe-
cific body parts have been developed and 
studied. In 1985, Tropp et al.[178] recom-
mended co-ordination training on an ankle 
disk in the rehabilitation of ankle injuries, 
in order to prevent recurrent injuries.[178] 
Later, proprioceptive training in the form 
of progressive ankle-disk exercises was 
in fact shown to be effective in reducing 
ankle sprains in a randomised, controlled 
trial involving male football players with 
a history of ankle sprain.[179] Moreover, 
balance training appears to be useful for 
preventing ankle injuries in youth football 
players.[180] 

1.1�.3 Challenges in football  
injury prevention, and future  
perspectives
Despite these encouraging efforts, the 
need for epidemiological research on foot-
ball injuries remains high. van Bejsterveldt  
et al.[185] conducted a systematic review 
of the effectiveness of exercise-based in-
jury-prevention programmes for football 
players. They concluded that some of 
the contradictory findings were likely to  
be due to differences in study samples 
(with regard to gender and level of play), 
to differences between the intervention 
programmes (with regard to content,  
as well as frequency and duration of 
training) and to compliance issues.[185]  
Accordingly, Olsen et al.[115] systematical-
ly reviewed the prevention strategies avail-
able, specifically for football, and concluded  
that more research through injury surveil-
lance is necessary, in order to identify fac-
tors related to the occurrence of injuries and 
eventually to design satisfactory preven- 
tion strategies. This conclusion is further 
supported by several other researchers. 
[76-80]
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As previous injury has been shown 
to be a significant risk factor for football 
injuries,[84] the controlled rehabilitation 
of previous injuries is regarded as an im-
portant component of injury prevention. 
The controlled rehabilitation of injuries 
was one component of the first injury-pre-
vention study in football, conducted by 
Ekstrand et al.[88] Far more recently, Häg-
glund et al.[186] conducted a randomised, 
controlled trial, which showed that re-
injuries could be significantly reduced 
by controlled rehabilitation programmes 
implemented by coaches. 

Convincing coaches and team man-
agement to commit to injury-preventive 
measures may be a challenge, but it is still a 
crucial component of successful injury pre-
vention.[58, 59, 61, 89, 187] As managers 
and coaches have important decision-mak-
ing power within teams, one important 
future challenge in injury prevention is to 
convince these persons to engage in injury 
prevention.[58] The 11-year follow-up 
of the UEFA injury study by Ekstrand et 
al.[61] highlights the need for good inter-
nal communication between the medical 
staff and the coaching staff. The authors 
discussed the problem of limited influence 
of teams’ medical staff on training load, for 
example.[61] Likewise, Bizzini et al.[170] 
encouraged the development of good com-
munication between medical profession-
als and coaches. F-MARC used famous 
coaches and players as “ambassadors” for 
the “FIFA 11+” programme, which helped 
to get the researchers’ message through to 
the coaches.[170] Bizzini et al.[170] also 
stated that the choice of instructors among 
persons engaged in football, who “speak 
the football language”, is important for 
reaching players and other team staff. The 
importance of injury prevention, also from 
the perspective of team management and 
coaches, is also accentuated by the results 
of Hägglund et al.,[62] which demonstrat-

ed a negative effect of injuries on team suc-
cess. Futhermore, engaging team manage-
ment in injury prevention may be crucial 
in order to avoid the frequent limitation of 
low compliance in several football injury-
prevention studies, which appears to be a 
major challenge for future research.[115, 
167, 174, 185, 188] MaCall et al. investi-
gated the preventive strategies of 44 differ-
ent top-level football teams worldwide and 
found that clubs generally follow research 
guidelines for preventing injuries, but that 
the perceptions and practices in clubs are 
not always well supported by research lit-
erature.[166] One further question that 
needs to be answered by future studies is 
probably, therefore, whether the efficacy of 
currently applied practices can be scientifi-
cally demonstrated.

1.16 Why Studies I-IV 
were conducted

Considering the consequences of football 
injuries, discussed above, identifying the 
risk factors for injuries through epidemio-
logical research is necessary and represents 
a crucial first step in designing injury-pre-
ventive measures.[56] This thesis aims to 
contribute to the epidemiological research 
by identifying potential game-related fac-
tors that are associated with the risk of in-
jury during a match in FIFA World Cup 
football.

As football is a sport of a highly com-
petitive nature, especially at the top level, 
it appears logical that certain match events 
that are an essential or inevitable part of 
the game – such as changes in the score, 
injuries, red and yellow cards and foul 
play – could affect the team strategies, the 
players’ attitudes and precautions, match 
intensity and, possibly, the incidence of 
injuries within a match.

Identifying time periods with a high 
injury incidence within a match may be 
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of use to players and team personnel, as it 
could enable them to take precautions dur-
ing these periods. In a similar manner, the 
identification of playing actions and match 
circumstances associated with a high risk 
of injury, by video analysis, may provide 
useful information from an injury-preven-
tion perspective.

As discussed above, the highest injury 
incidences in international football tour-
naments have been recorded during men’s 
World Cup football, which highlights the 
need for epidemiological injury research 
in that population. Prospective injury sur-
veillance has been applied in FIFA tourna-
ments since 1998.[45] Research projects 
applying the validated methodologies to 

similar study populations will therefore 
have a wide framework for comparing 
results and discussing their significance, 
based on previous studies. In addition, as 
national teams from all continents are rep-
resented in a FIFA World Cup, this also 
provides a unique platform for an epide-
miological injury study, as it includes play-
ers and teams with different ethnic origins 
and (playing) cultures.
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The general aim of the thesis  was to in-
vestigate possible associations between 
game-related factors and match events and 
the players’ risk of suffering injuries, in in-
ternational (national team) top-level male 
football tournaments (FIFA World Cups). 
The general hypothesis of this thesis was 
that crucial match events are associated 
with the players’ risk of suffering injuries.

2.1 Specific aims of 
Studies I-IV

In Study I, the aims were to study

• Whether there is a variation in the injury 
incidence related to changes in the score 
in international top-level male football

• Whether the playing position had any ef-
fect on the injury incidence

• The possible association between recov-
ery time between matches and injury 
incidence.

In Study II, the aim was to study a possible 
relationship between crucial match events 
that interrupt the match (and hypotheti-
cally change its course) and injuries in in-
ternational top-level male football. Specifi-
cally, the emphasis was goals, injuries, as 
well as red and yellow cards, and their as-
sociation with injury incidence.

aims 2

In Study III, the aims were to study 

• Differences between foul play injuries 
and non-foul play injuries with regard to 
their characteristics and the match cir-
cumstances in which they occur

• A possible association between the num-
ber of fouls and injuries per match.

In Study IV, the aims were to use video 
analysis to

• Describe injuries and injury risk inci-
dents resulting from contact between 
players in men’s World Cup football and 
to explore whether any independent pre-
dictors of injury could be found among 
the variables chosen for analysis

• Analyse all injury risk incidents and in-
juries resulting from tackles and to assess 
whether specific tackle parameters had  
a higher propensity to cause injuries 
than others.



The material for the present thesis con-
sisted of data from the 2002 (Korea- 
Japan), 2006 (Germany) and 2010 (South 
Africa) FIFA World Cups for men and 
was obtained from three different sources: 
(1) injury-surveillance data, (2) official 
match statistics and (3) video recordings of 
matches. In each of the three FIFA World 
Cups, a total of sixty-four matches were 
played by 32 participating teams (a total 
of 736 players).

3.1 Data sources

3.1.1 Injury data
The injury data, in the form of injury re-
port forms, was obtained through a pro-
spective injury-surveillance system, de-
veloped under F-MARC, which has been 
implemented at FIFA tournaments since 
1998.[50-54] The team physicians, repre-
senting the different national teams par-
ticipating in the tournaments, provided 
the injury data on structured injury report 
forms, based on post-match assessments of 
injured players. 

The data-collection methodology fol-
lowed the current international consensus 
statement on injury definitions and data-
collection procedures for epidemiologi-
cal research on football injuries [81] and 
ethical approval for injury surveillance 
was obtained. An injury was defined as 
any physical complaint, incurred during 
the match, that received medical attention 
from the team physician, regardless of the 
consequences with respect to absence from 
match play or training.[50-52, 54]

�2
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The injury report forms contain details 
of the type and location of injury, team of 
the injured player, the shirt number of the 
player, the time (minute) in the match 
when the injury occurred, the circum-
stances of injury (non-contact, contact and 
the possible involvement of foul play), the 
consequences of injury (referees’ sanction 
and possible treatment) and an estimate of 
the resulting time loss from participation 
in football. The development and imple-
mentation of the data-collection proce-
dures are described in detail in previous 
studies based on the collected data.[50-54] 
Before the tournaments, all the team phy-
sicians were educated in detail on how to 
fill in the report forms, in order to mini-
mise discrepancies.

The total number of injury reports 
included in the data was 441, consisting 
of 171 injury reports from the 2002 FIFA 
World Cup, 145 injury reports from the 
2006 FIFA World Cup and 125 injury 
reports from the 2010 FIFA World Cup. 
The details of the injury data are presented 
in three previous studies of the three re-
spective FIFA World Cups.[50-52]

3.1.2 Match statistics data

The match statistics data were obtained 
from the official tournament statistics, 
available on FIFA’s official website.[189] 
For each of the 192 matches played in 
the three tournaments, the following data 
were obtained:

• The total number of goals
• The time (minute) of goals
• The total number of red and  

yellow cards
• The time (minute) of red and  

yellow cards
• The length (in minutes) of match  

periods played with different scores 
(current match result)

• The total number of fouls

• The number of full recovery days  
before the match (separately for  
each of the two teams)

Moreover, the playing position of the in-
jured players was assessed from the tourna-
ment statistics on the official website.[189] 
The shirt numbers of the injured players 
(included in the injury-surveillance data) 
were used, in order to recognise the players 
of interest from the tournament statistics. 
The baseline data, with regard to the num-
ber of injury reports and match statistics, 
are presented in Table 1.

3.1.3 Video analysis data

The video analysis data consisted of full 
video recordings of all 192 matches played 
in the three tournaments, provided by 
FIFA. The video recordings included se-
quences captured from different angles, by 
several high-quality cameras, with numer-
ous slow-motion sequences of contact situ-
ations included. All video recordings were 
reviewed by one of the authors of Study IV 
(LL), who is experienced in the video anal-
ysis of injuries and injury risk incidents. 
Data were obtained using video analysis 
methodologies based on previous research. 
These video analysis methodologies are de-
scribed in detail in this thesis (under the 
subheading “Methods for video analysis”).

3.2 Methods used in 
Studies I and II

3.2.1 The association between 
injury incidence and the current 
score, as well as teams’ drawing, 
winning or losing status

To calculate the injury incidences depend-
ing on the current score in the match, the 
matches were divided into match periods 
based on the current score and injuries 



��

were divided into the same score groups 
accordingly:

• 0-0 
• Even score with goals scored 
• One-goal difference between the teams
• Two or more goal difference between the 

teams

No previous research was available for 
choosing the pre-determined criteria for 
dividing the match based on the current 
score. This grouping was partly chosen in 
order to ensure groups large enough to al-
low comparison between the groups. The 
time (minute) of injuries, obtained from 
the injury-surveillance data, was compared 
with the match statistics, in order to divide 
the injuries according to the corresponding 
match periods based on the current score. 
The matches were also divided into three 
groups, based on the teams’ drawing/win-
ning/losing status. The injuries were again 
grouped according to these match periods, 
to calculate injury incidence. In the same 
way as for the score groups, the injury re-
port data (team of the injured player and 

minute of injury) were used to divide the 
injuries according to the corresponding 
match periods, based on the teams’ current 
drawing/losing/winning status.

3.2.2 Assessment of the  
relationship between PGDIs and 
injury incidence 
According to the hypothesis, there would 
be an association between yellow or red 
cards, injuries and goals and injury in-
cidence. Yellow and red cards, injuries  
and goals were therefore defined as poten-
tially game-disrupting incidents (PGDIs). 
These specific factors were included in  
the definition of PGDIs based on two 
main criteria:

1. Both the total numbers, and the min-
utes when they occurred, had to be doc-
umented in the match statistics

2. They had to have a potential impact on 
the course of the match that could affect 
several players simultaneously.

Tournament

Number of matches

Number of teams

Number of players

Number of yellow cards

Number of red cards

Number of goals

Number of injury reports

Table 1. Baseline data.

FIFA World Cup  
2002

64

32

736

271

17

161

171

FIFA World Cup  
200�

64

32

736

345

28

147

145

FIFA World Cup  
2010

64

32

736

261

17

145

125
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Yellow and red cards are sanctions from 
the referee, given out when a player does 
not behave fairly. A yellow card is awarded 
for offences including unsporting behav-
iour, dissent by word or action, persistent 
infringement of the laws of the game and 
delaying the restart of play, among oth-
ers.[9] A red card, which leads to the ex-
pulsion of the player breaking the rules, is 
sanctioned for offences such as serious foul 
play, violent conduct, spitting at another 
player/or any other person, denying an 
opponent the opportunity to score a goal 
by using a hand, or by denying an obvious 
goal-scoring opportunity by a foul, using 
offensive, insulting or abusive language, or 
receiving a second yellow card within the 
same match.[9]

In the present thesis, the matches 
were divided into two match periods: (1) 
minutes of PGDIs and the following five-
minute periods and (2) other match pe-
riods. The choice of a five-minute period 
was based on previous research on players’ 
physiological performances during match-
es, showing that matches are typically 
characterised by five-minute periods of 
high-intensity running, followed by five-
minute periods of lower intensity running, 
compared with the average level during 
matches.[12] In order to calculate injury 
incidences during the match periods based 
on the timing of PGDIs, all injuries were 
divided into two groups, according to the 
corresponding match periods.

For injuries, the times were obtained 
from the injury-surveillance data and, for 
the other PGDIs, the times were obtained 
from the match statistics. In cases in which 
a subsequent PGDI followed within a five-
minute period from a prior PGDI, only 
the minutes before the subsequent PGDI 
were calculated for the period following 
the prior PGDI. This was done in order 
not to include overlapping minutes in the 

analysis and thus exceed the number of 
minutes actually played in the matches.

For further assessment of the associa-
tion between the occurrence of PGDIs and 
injuries during different match periods, 
the match was divided into six 15-minute 
periods. The possible extra-time during 
the knock-out stages of the tournament 
was included in the event it was played,  
in contrast to possible minutes of addi-
tional time at the end of the half, which 
were excluded. PGDIs (injuries excluded) 
were divided according to the minute in 
which they occurred into groups corre-
sponding to the six match periods. Simi-
larly, in order to calculate the incidence 
of injury during these match periods, all 
injuries were divided (separately from the 
other PGDIs) into groups according to the 
corresponding match periods. The injuries 
had to be excluded from the other PGDIs 
for this part of the study.

3.2.3 Assessment of  
differences in injury incidence 
between playing positions
The playing positions of the injured play-
ers were obtained from the official tourna-
ment statistics on FIFA’s website. The shirt 
number and team of the injured player, 
obtained through the injury-surveillance 
data, were used in order to recognise the 
correct player from the tournament statis-
tics. In order to determine the match expo-
sure for the different playing positions, the 
injuries were divided into groups, accord-
ing to the playing position of the injured 
player. As the tournament statistics do not 
include the tactical formations used by 
teams, a hypothetical formation was cho-
sen in order to determine the relative ex-
posures of the different playing positions, 
necessary for calculating the incidence of 
injury. Based on previous research,[130]  
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a hypothetical 1:4:4:2 (one goalkeeper, 
four defenders, four midfielders and two 
forwards) formation was applied. The in-
jury incidences for the different playing 
positions were calculated and compared.

As was done for all injuries, the injury 
incidences for the outfield playing posi-
tions (defenders, midfielders and forwards) 
were further calculated separately during 
match periods, based on teams’ drawing/
losing/winning status.

3.2.� Assessment of a possible 
association between recovery time 
and injury incidence
The number of full recovery days between 
all matches was assessed, for each team 
separately, from the tournament sched-
ules obtained from FIFA’s official website. 
Only matches after the first round of the 
tournaments were included, as the previ-
ous matches of players were most likely 
played at club level and the recovery times 
for players within the same national team 
would therefore have been different. The 
total numbers of injuries per team per 
match were also assessed for all matches 
played after the first round of the tourna-
ment. The matches (per team) were then 
grouped according to the number of recov-
ery days and the injury incidence for each 
match group was calculated.

3.3 Methods used in 
Study III

The judgement of the involvement of a 
foul in injury causation was determined by 
the respective team physician, caring for 
and assessing the injured player, who also 
filed the injury report.[54] All injuries for 
which the team physicians had document-
ed the foul/non-foul status were included 
in the analyses.

3.3.1 Comparison of injury  
severity between foul play injuries 
and non-foul play injuries 

The definition of injury severity was based 
on the duration (in days) of the lay-off 
from match play or training resulting from 
the injury.[75, 81] The lay-off time was es-
timated by the team physician, based on 
the post-match assessment of the injured 
player. In accordance with the consensus 
statement,[81] the injuries were catego-
rised as slight (0 days), minimal (1-3 days), 
mild (4-7 days), moderate (8-28 days) and 
severe (over 28 days of absence). Both the 
total numbers of foul play injuries and 
non-foul play injuries within each catego-
ry of injury severity were calculated. More-
over, the median numbers of estimated 
lay-off days were calculated for both foul 
play injuries and non-foul play injuries for 
comparison.

3.3.2 Assessment of differences 
between foul play injuries and 
non-foul play injuries during  
different match periods
To assess and compare the incidences of 
foul play injuries and non-foul play inju-
ries during different match periods, the 
matches were divided into different match 
periods, as described previously, based on 
teams’ drawing/losing/winning status, and 
in six chronological fifteen-minute periods 
(and possible extra time).

Subsequently, both foul play injuries 
and non-foul play injuries were grouped 
separately, according to the correspond-
ing match periods. As for all injuries in the 
previous parts of the thesis, the grouping 
of injuries according to the corresponding 
match periods was based on comparisons 
of match statistics data and the time of in-
jury (obtained from the injury reports).
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3.3.3 Comparison of foul play and 
non-foul play injury incidences 
between the playing positions

The calculations of injury incidences for 
the different playing positions followed 
the same methodology as described earlier 
for comparing the injury incidences be-
tween the playing positions. In this case, 
the calculations were made separately for 
foul play injuries and non-foul play inju-
ries, in order to enable comparisons.

3.3.� Assessing a possible  
association between the number  
of fouls and injury incidence  
in a match
The total number of fouls in all 192 match-
es was obtained from the match statistics. 
Similarly, the total numbers of injuries in 
each match were obtained from the injury-
surveillance data. Comparisons of the in-
jury report data and match statistics made 
it possible to link the data from the two 
sources. The matches were then grouped 
into four groups, based on the total num-
ber of injuries per match:

1. 0 injuries
2. 1-2 injuries
3. 3-4 injuries
�. 5 or more injuries

No guidelines were found in the literature 
on how to divide matches based on the 
total number of injuries. For the present 
thesis, the injuries were therefore grouped 
in four groups, in order to ensure that the 
group sizes were suitable for statistical 
comparison. The mean number of fouls 
within each match category, based on the 
total number of injuries in the match, was 
then calculated for subsequent compari-
sons of the means.

3.4 Methods used 	
in Study IV

3.�.1 Definitions
The definition of injury was the same as 
that applied in Studies I-III and was thus 
in accordance with previous epidemiologi-
cal studies of injuries in World Cup foot-
ball.[50, 52, 54, 81] Furthermore, the fol-
lowing definitions for injury risk incidents 
and tackles were applied.

• A contact injury was defined as an injury 
resulting from physical contact between 
players. 

• An injury risk incident was defined as any 
situation, identified on video recordings, 
in which the match was interrupted 
by the referee, or a player was on the 
ground for more than 15 seconds, or the 
player appeared to be in pain or received 
medical treatment. This definition is in 
accordance with the FIA (Football Inci-
dent Analysis) methodology.[70, 72, 74, 
159, 161] 

• A contact injury risk incident was defined 
as an injury risk incident that resulted 
from physical contact between players. 

• A tackle was defined as any event, identi-
fied on video recordings, that occurred 
during the normal course of the match 
and involved physical contact between 
two or more players while one or more 
of the players was challenging for posses-
sion of the ball.[71, 73, 129-131]

3.�.2 Variables used in the  
video analysis

From FIA
Eight FIA variables [72] of interest, each 
with two or more categories, four of which 
were slightly modified, were included. The 
variables were used to analyse all contact 
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injury incidents identified on the full video 
recordings of matches. As described in the 
original method by Andersen et al.,[72]  
the four FIA variables included, without 
modifications, were:

• Ball possession, with two categories:  
defence or attack

• Attack type, with four categories: set 
play, breakdown attack, long attacks 
including long pass, or long (organised) 
attacks

• Degree of balance in opponents’ 
defence, with three categories: good, 
average, or poor

• Player’s movement intensity, with two 
categories: high intensity or low intensity.

For the additional four FIA variables, 
which were included in the analysis, slight-
ly modified variable categories were used. 
The rationale for these modifications is 
described below. These variables (and cat-
egories) were:

• Player’s position, with four categories: 
defender, midfielder, forward, or  
goalkeeper[121]

• Player’s action with the ball, with six 
categories: dribbling, heading, deflecting 
the ball, kicking the ball, goalkeeper  
action, or no action with the ball

• Player’s attention, with four categories: 
towards primary duellist, towards the 
ball, towards a team-mate, or other

• Referee’s decision, with two categories: 
foul or non-foul.

According to the original FIA methodol-
ogy, the variable “playing position” had 
seven categories. The present thesis instead 
used four categories, in order to enable 
comparisons of the results with the results 
obtained from Studies I and III. The vari-
able “player’s action with the ball”, as de-

scribed in the original FIA methodology, 
had 14 categories, some of which were 
combined for the purpose of the present 
thesis, in order to avoid the previously de-
scribed problem of having too few cases 
in some of the variable categories.[72] 
For the variable “player’s attention”, a new 
category (“other”) was added to the previ-
ously described categories, as the player’s 
attention was sometimes directed some-
where else (i.e. coach, crowd, the pitch, 
the goal, unknown etc.). For the variable 
“referee’s decision”, the category “foul” 
was modified to comprise the previously 
described categories “free kick for”, “free 
kick against”, “yellow card” and “red card”. 
This was done, again, in order to avoid the 
problem identified in previous studies; too 
many categories with a small number of 
cases, which was the main reason for com-
bining categories in the present thesis.

In the tackle analysis
All contact injury risk incidents identified 
on the video recordings of matches that 
matched the definition of a tackle applied 
in the present thesis were further analysed 
using tackle parameters, as proposed by 
Fuller et al.[71] One new category (de-
scribed below) was added within the tackle 
action parameter for the analysis in the 
present thesis. The tackle parameters were:

• Tackle direction, with three categories: 
front, side, or behind

• Tackle mode, with three categories: on 
feet, sliding in, or vertical jump

• Tackle action, with six categories: 
one-footed, two-footed, use of arm/hand, 
upper body contact, clash of heads, or 
combination.

The “combination” category was the new 
category added for the present analysis and 
it included tackles involving more than 
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one simultaneous tackle action, as some 
tackles were found to involve simultaneous 
tackle actions with the potential to cause 
injuries.

Added variables
In addition to the variables included from 
FIA and the tackle parameters, two vari-
ables were added to the video analysis:

• Current score (for the team in focus 
for the incident), with three categories: 
losing, drawing, or winning)

• Match period (minutes 0-15, 16-30, 
31-45+, 46-60, 61-75, 76-90+,  
or extra time.

The two factors were added, as, in Studies 
I-III, they had been observed to be associ-
ated with the variation in injury incidence 
during matches and therefore to enable 
comparisons of the results of the video 
analysis with those based on injury report 
data and match statistics only.

3.�.3 (Original) FIA variables  
excluded from the video analysis

The following 11 FIA variables (with 
categories), included in the original FIA 
methodology,[72] were excluded from the 
present analysis: “positioning” (one-on-one 
situation, not one-on-one situation); “play-
er’s role” (first defender, other defender, first 
attacker, or other attacker); “duel type” ((1) 
in duel: heading duel-active, tackling duel-
active, screening duel-active, or running duel 
and other and (2) not in duel); “ball-win-
ning situations” (at the moment of ball win-
ning, after ball winning, after second ball, 
or not ball-winning situations); “player’s 
movement direction” (forward, sideways, 
backward, no movement); “tackling type” 
(being tackled, not being tackled, tackling, 
not tackling); “type of incident risk action” 

(against first attacker towards “back room”, 
against first attacker elsewhere, against first 
defender, action away from the ball, actions 
against other players); “degree of individual 
ball control” (high level of control, low level 
of control); “team action before injury in-
cident” (long pass, short pass, flick, cross, 
deflection); attack effectiveness (effective at-
tack, non-effective attack); “localisation on 
the field” (defensive third, midfield zone 1, 
midfield zone 2, attacking third, score box).

The rationale for excluding the first 
eight of the original FIA variables was that 
some of the variables included in the pres-
ent study (“player’s action with the ball”, 
“player’s movement intensity” and the 
tackle parameters) were considered fully 
to describe, in the context of the present 
study, a player’s actions, role and the con-
tact mechanisms involved in the contact 
injury risk incidents. Similarly, the teams’ 
actions and situations were considered to 
be sufficiently described by the included 
variables: “ball possession”, “attack type” 
and “degree of balance in the opponent’s 
defence”) and “team action before injury 
incident” and “attack effectiveness” were 
therefore excluded. Ultimately, the variable 
“localisation on the field” was excluded, as 
the present analysis focused primarily on 
match circumstances, playing actions and 
tackle parameters, rather than the localisa-
tion of the incident on the field, and, ad-
ditionally, as the playing action variables 
included in the present study, such as “at-
tack type”, were not always directly related 
to a specific location on the field.

3.�.� Combining video analysis 
data with injury-surveillance data

All contact injury risk incidents identified 
on the full video recordings of the 192 
matches played were included in the analy-
sis. Likewise, all contact injuries identified 
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from the prospective injury-surveillance 
data were preliminarily included. The de-
tails of each contact injury risk incident (on 
video) were compared with the injury-sur-
veillance data (injury report forms), in order 
to identify the contact injury risk incidents 
that could be linked with post-match inju-
ry reports (i.e. the contact injury risk inci- 
dents that resulted in an injury). Data avai- 
lable on the injury report forms (see sub-
heading “Data sources”) were used to link 
contact injury risk incidents with contact 
injuries. Specifically, the player’s shirt num- 
ber, the time of injury, and the injury type 
and location were the factors mainly used 
in order to link incidents with injuries.

3.�.� Assessment of injury risk  
associated with variables and  
variable categories
To assess the injury-prediction value of the 
FIA variables and the added variables, the 
ratios of (1) contact injury risk incidents, 
as defined in the FIA methodology, which 
could not be linked with a post-match 
injury report, and (2) contact injury risk 
incidents, which could be linked with 
post-match injury reports, per all contact 
injury risk incidents were calculated for all 
variable categories. These ratios were com-
pared in order to identify variables and 
variable categories that were associated 
with a relatively high risk of injury.

The contact injury risk incidents iden-
tified by video analysis, which fulfilled the 
definition of a tackle, were analysed sepa-
rately, as they formed a separate and pre-
determined group of variables. Like with 
FIA variables, the numbers of contact in-
jury risk incidents identified as tackles that 
could be linked with a post-match injury 
report were calculated and compared with 
those of contact injury risk incidents that 
could not be linked with a post-match  
injury report.

3.5 Statistical analysis

3.�.1 Statistical analysis of the in-
jury report data and match statis-
tics (Studies I-III)

The incidence of injury was calculated by 
using the formula: (number of injuries x 
1,000 match hours)/(minutes of expo-
sure/60) x n players exposed and expressed 
as the number of injuries per 1,000 match 
hours.[81] The numbers of players used for 
calculating exposure time were as follows:

• 22 for calculating injury incidence for 
the match periods based on the current 
score, 

• 22 when calculating injury incidences 
during five-minute periods following 
PGDIs and during other match periods,

• 22 for calculating injury incidences 
during the chronological 15-min match 
periods,

• 11 for calculating injury incidences 
based on teams’ drawing/losing/ 
winning status and 

• 11 for calculating injury incidences for 
the groups based on the number of 
recovery days between matches.

To calculate injury incidences for the dif-
ferent playing positions, a hypothetical 
1:4:4:2 playing formation (one goalkeeper, 
four defenders, four midfielders and two 
forwards) was applied, in order to assess 
the relative exposures for the different 
playing positions.[130]

Any consequences of possible expul-
sions on the number of players exposed 
were not taken into account in the analy-
ses. Furthermore, the minutes of addi-
tional time were not taken into account as 
exposure time. On the other hand, the 30 
minutes of extra time were included, when 
extra time was played.
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Injury incidence rates (per 1,000 
match hours) with 95% confidence inter-
vals (95% CI) were calculated assuming a 
Poisson distribution. Incidence rate ratios 
(IRR) and the test for a significant trend 
in injury incidence rates across the differ-
ent groups, as well as in relation to days 
of recovery, were calculated using Poisson 
regression models or negative binomial 
regression models, when appropriate. The 
95% CIs for numbers of PGDIs per match 
period were obtained by bias-corrected 
bootstrapping (5,000 replications).

Frequencies, cross-tabulations and the 
chi-square test were applied when compar-
ing the injury types and injury locations of 
foul play injuries and non-foul play in-
juries. To compare the medians of lay-off 
time (expressed in days) resulting from 
foul play injuries and non-foul play inju-
ries respectively, the Mann-Whitney test 
was used.

A bootstrap-type analysis of variance 
(ANOVA) was used to evaluate the statisti-
cal significance for the hypotheses of linear-
ity between the total number of fouls and 
the total number of injuries per match. In 
the event of a violation of the assumptions 
(non-normality), a bootstrap-type test was 
used. The normality of the variables was 
tested using the Shapiro-Wilk W test.

The incidences of injury for foul play 
injuries and non-foul play injuries, during 
the different match periods, according to 
teams’ drawing/losing/winning status at 
the time of injury, as well as according to 
player position, were analysed with ran-
dom-effect Poisson regression models for 
panels. The model included a random in-
tercept to account for clustering within a 
match, as well as fixed effects for injury 
causation (foul vs. non-foul), as well as for 
match time (match period), for the teams’ 
current drawing/losing/winning status and 
for playing position. The interaction term 
allowed assessments of differences in injury 

causation (foul vs. non-foul) between the 
different match periods, between the groups 
based on teams’ drawing/losing/winning 
status and between playing positions.

The level of significance was set at  
p-values of < 0.05. The STATA 12.1, Stata-
Corp LP (College Station, TX, USA) sta-
tistical package was used for the analyses.

3.�.2 Statistical analysis of data 
obtained by video analysis (Study IV)

Logistic regression models with robust 
estimates of variance were used to investi-
gate the variables (FIA variables and added 
variables) related to the contact injury risk 
incidents. The tackle parameters were not 
analysed in the same multivariate regres-
sion model as the other variables, as they 
formed a separate and pre-determined 
group.[71] As there were only three tackle 
parameters, a multivariate regression anal-
ysis of them was not performed. Compari-
sons between groups were made using the 
chi-square test and the level of significance 
was set at p-values of < 0.05. 

Intra-observer reliability was tested, 
by reviewing and re-analysing 10% of the 
contact injury risk incidents a second time. 
At least three weeks were allowed between 
the first and the second assessment, in or-
der to reduce potential learning bias. The 
reviewed and re-analysed contact injury 
risk incidents were randomly chosen, from 
the three tournaments, and included a re-
analysis of 23 different teams. The agree-
ment between the two sets of results was 
determined by the kappa statistic ( ). The 
level of agreement was defined as follows: 
poor with =0.20; fair with =0.21 to 0.40; 
moderate with =0.41 to 0.60; substantial 
with =0.61 to 0.80 and very good with  

>0.80.[190]
The STATA 12.1, StataCorp LP (Col-

lege Station, TX, USA) statistical package 
was used for the analyses.
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4.1 Significant 	
association between 
injury incidence and 
the current score 	
in the match

In all, ��1 match-play injuries were re-
ported within the injury-surveillance sys-
tem, during the three FIFA World Cup 
tournaments, giving a total injury inci-
dence of 67.8/1,000 match hours (95%CI 
61.7/1,000 match hours to 74.5/1,000 
match hours). On 415 (94.1%) injury re-
port forms, the minute of injury was re-
ported and the score at the moment of in-
jury could therefore be assessed. There was 
significant variation in the injury incidence 
between the different groups, based on 
the current score in the match (p=0.026). 
With regard to the different score groups, 
the highest injury incidence was calculated 
during match periods when the score was 
even (the two teams were drawing) but 
goals had been scored, followed by match 
periods with a goal difference of two or 
more goals between the two teams and 
match periods when there was a one-goal 
difference between the teams. The lowest 
injury incidence was calculated during 
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match periods with the initial 0-0 score, 
i.e. when teams were drawing and no goals 
had yet been scored. Table 2 shows the in-
cidences for the four groups based on the 
current score in the match, as well as their 
incidence rate ratios (IRRs), in relation to 
the initial 0-0 score that was used as the 
reference value.

4.2 Injury incidences 
different for 	
drawing, losing and 
winning teams

There were significant differences in the 
injury incidence between drawing, losing 
and winning teams (p=0.008). Teams cur-
rently winning had the highest injury in-

cidence (81.0/1,000 match hours (95%CI 
67.5/1,000 match hours to 96.4/1,000 
match hours), followed by teams cur-
rently drawing, for which an incidence 
of 59.7/1,000 match hours (95%CI 
51.8/1,000 match hours to 68.6/1000 
match hours) was calculated. The dif-
ference in injury incidence between the 
drawing and winning teams was statisti-
cally significant (p=0.007). The teams 
currently losing had the lowest injury inci-
dence of 55.5/1,000 match hours (95%CI 
44.4/1,000 match hours to 68.4/1,000 
match hours). Table 3 shows the injury 
incidences separately for drawing (refer-
ence value), losing and winning teams, as 
well as their relative incidence rate ratios 
(IRRs).

Number of  
injuries

150

51

149

65

Table 2. Incidence of injury based on the current score in the match.

Exposure  
hours 

2736

628

2310

826

Incidence  
(9�% CI)

54.8 (46.4-64.3)

81.2 (60.5-106.8)

64.5 (54.5-75.7)

78.7 (60.7-100.3)

IRR  
(9�% CI)

1.00 (Reference)

1.48 (1.08-2.04)

1.18 (0.94-1.48)

1.43 (1.07-1.92)

p-value

0.015

0.16

0.016

0-0

Even

1-goal difference

≥ 2-goal difference

Drawing

Losing

Winning

Table 3. Incidence of injury for drawing, losing and winning teams.

Number of  
injuries

200

87

127

Exposure  
hours

3364

1568

1568

Incidence  
(9�% CI)

59.7 (51.8-68.6)

55.5 (44.4-68.4)

81.0 (67.5-96.4)

IRR  
(9�% CI)

1.00 (Reference)

0.93 (0.72-1.19)

1.36 (1.09-1.69)

p-value

0.56

0.007
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4.3 The association 	
between PGDIs and 	
injury incidence

The injury incidence was significantly 
higher (p<0.001) during match periods at 
the minutes of PGDIs or within the fol-
lowing five minutes, than during other 
match periods: 76.7/1,000 match hours 
(95% CI 66.6/1,000 match hours to 
87.9/1,000 match hours) vs. 54.0/1,000 
match hours (95% CI 46.9/1,000 match 
hours to 61.9/1,000 match hours). The 
match exposures, for the two match pe-
riods respectively, were 2,686 and 3,815 
player hours. 

The most frequent PGDI during 
matches was a yellow card, followed by 
goals, injuries and, ultimately, red cards. 
On average, 4.6 (SD 2.6) yellow cards were 
shown by the referee during a match, while 
the numbers of other PGDIs per match 
were 2.5 (SD 1.6) for goals, 2.3 (SD 1.7) 
for injuries and 0.3 (SD 0.6) for red cards. 
In all, there were an average of 9.5 (SD 
3.8) PGDIs per match.

The lower part of Figure 1 shows the 
variation in injury incidence between con-
secutive 15-minute periods of matches. 
The variation between these match peri-
ods was statistically significant (p<0.001). 
Of the 15-minute match periods, the 
highest injury incidence was calculated 
for the last 15-minute periods of the 
first half – 90/1,000 match hours (95%  
CI 72.8/1,000 match hours to 110/1,000 
match hours), while the lowest injury  
incidence of 33.1/1,000 match hours  
(95% CI 23.1/1,000 match hours to 
46.1/1,000 match hours) was calculated 
for the initial 15-minute match periods of 
the matches.

The upper part of Figure 1 shows the 
mean frequencies of yellow cards, red cards 
and goals (PGDIs with injuries excluded) 
during the consecutive 15-minute match 

periods and demonstrates the relation-
ship between injury incidence (lower part 
of Figure 1) and PGDIs. The association 
between PGDIs other than injuries and 
injury incidence was significant: there  
was a risk ratio of 1.17 (95%CI 1.08 to 
1.26) for an injury per PGDI other than 
injury (p<0.001). The risk ratio was 1.15 
(95% CI 1.06-1.24), after adjusting for 
the match period, which was still signifi-
cant (p<0.001).

4.4 Differences in 	
injury incidence 	
between the playing 
positions

The injury incidence varied significantly 
between defenders, midfielders, forwards 
and goalkeepers (p<0.001), when assum-
ing a hypothetical 1:4:4:2 formation (one 
goalkeeper, four defenders, four midfielders 
and two forwards). The highest injury inci-
dence of 85.5/1,000 match,hours (95% CI 
69.8/1,000 match hours to 104.2/1,000 
match hours) was calculated for for-
wards. Defenders had the second high-
est injury incidence of 68.8/1,000 match 
hours (95% CI 58.6/1,000 match hours 
to 80.2/1,000 match hours). The injury 
incidence for midfielders was 59.0/1,000 
match hours (95% CI 49.6/1,000 match 
hours to 69.7/1,000 match hours) and was 
thus the lowest injury incidence calculated 
for the outfield playing positions. Goal-
keepers had the lowest injury incidence of 
all playing positions (35.6/1,000 match 
hours (95% CI 22.1/1,000 match hours 
to 54.5/1,000 match hours)). The injury 
incidences for the playing positions and 
their incidence rate ratios (IRRs) are pre-
sented in Table 4.

The interaction between playing po-
sition and teams’ drawing/losing/win-
ning status was statistically significant 
(p<0.001). However, the assessment of 
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Figure 1. General injury incidence and number of PGDIs (injuries excluded)  
during consecutive 15-minute match periods. Ryynänen et al. Published in  
British Journal of Sports Medicine 2013; 47(15): 970-973.
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Defenders

Midfielders

Forwards

Goalkeepers

Table 4. Injury incidences for the different playing positions

the relationship between injury incidence 
for the different playing positions and the 
drawing/losing/winning status of the team 
revealed that the forwards had a tendency 
towards a lower injury incidence when 

their team was winning, while the opposite 
trend was observed for defenders and mid-
fielders. The injury incidences for the out-
field playing positions for drawing, losing 
and winning teams are shown in Figure 2.

Number of 
injuries 

162

139

101

21

Exposure 
hours

2356

2356

1178

589

Incidence (9�% CI)

68.8 (58.6-80.2)

59.0 (49.6-69.7)

85.7 (69.8-104.2)

35.6 (22.1-54.5)

IRR (9�% CI)

1.00 (Reference)

0.86 (0.68-1.08)

1.25 (0.97-1.60)

0.52 (0.33-0.82)

p-value

0.18

0.082

0.005

Figure 2. Injury incidences for outfield playing positions in drawing,  
losing and winning teams. Ryynänen et al. Published in British Journal of  
Sports Medicine 2013; 47(15): 960-964.
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4.5 The relationship 
between recovery 
time and injury 	
incidence

Figure 3 demonstrates the association 
between injury incidence and teams’ re-
covery time between matches (expressed 
as the number of full days of recovery). 
Teams had between two and five recov-
ery days between matches, between the 
second round of group stage matches 
and the final match. There was a linear 
relationship between an ascending num-
ber of recovery days and a higher injury 
incidence (p=0.043). The highest injury 

incidence of 85.9/1,000 match hours  
(95% CI 66.9/1,000 match hours to 
108.8/1,000 match hours) was calcu-
lated for teams playing after five full 
recovery days, followed by teams play-
ing after four full days of recovery  
(66.8/1,000/match hours (95%CI 56.5/ 
1,000 match hours to 78.4/1,000 match 
hours)), and teams playing after three 
full days of recovery (63.1/1,000 match 
hours (95%CI 51.4/1,000 match hours 
to 76.8/1,000 match hours)). The lowest 
i jury incidence of 54.9/1,000 match 
hours  (95% CI 31.4/1,000 match hours 
to 89.1/1,000 match hours) was calculated 
for teams playing after only two full recov-
ery days.

Figure 3. Injury incidence increased with an increasing number of recovery days.  
Ryynänen et al. Published in British Journal of Sports Medicine 2013; 47(15): 960-964.
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4.6 Comparison of foul 
play injuries and 	
non-foul play injuries

For �12 injuries (93%), the cause of in-
jury, with respect to the possible involve-
ment of foul play, was reported on the in-
jury report forms and these injuries were 
included in the analyses. One hundred 
and thirty-four of these injuries (30% 
of all injuries) were caused by foul play, 
as judged by the team physician and/or 
the injured player, and 278 injuries did 

not involve a foul. The incidence of foul 
play injuries was 20.6/1,000 match hours 
(95%CI 17.3/1,000 match hours to 
24.4/1,000 match hours), which was sig-
nificantly lower (p<0.001) than the injury 
incidence of non-foul play injuries, which 
was 42.6/1,000 match hours (95%CI 
37.7/1,000 match hours to 47.9/1,000 
match hours).

For all (apart from one) injuries in-
cluded in the analyses, the mechanism of 
injury (possible involvement of player-to-
player contact) was reported on the injury 

Table 5. Injury locations for foul play injuries and non-foul play injuries

Injured body part

Lower leg

Ankle

Thigh

Head/face

Knee

Trunk

Foot/toe

Shoulder

Upper extremity

Achilles tendon

Groin

Hip

Number of injuries (%) 
Foul play

38 (28.4)

30 (22.4)

16 (11.9)

14 (10.4)

12 (9.0)

8 (6.0)

7 (5.2)

5 (3.7)

3 (2.2)

1 (0.7)

0

0

Number of injuries (%)  
Non-foul

36 (12.9)

30 (10.8)

68 (24.5)

30 (10.8)

33 (11.9)

20 (7.2)

18 (6.5)

7 (2.5)

12 (4.3)

1 (0.4)

17 (6.1)

6 (2.2)
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report forms. All 134 foul play injuries 
and 152 of the total of 278 non-foul play 
injuries (54.7%) were caused by contact 
between players. One hundred and twen-
ty-five non-foul play injuries (45%) were 
caused by non-contact mechanisms.

Table 5 presents the injury locations, 
with their relative proportions of foul play 
injuries and non-foul play injuries sepa-
rately. The lower leg and the ankle were 
the most common locations of foul play 
injuries, with 28.4% and 22.4% respec-
tively of all foul play injuries affecting 

these body parts. The lower leg and the 
ankle were significantly more common lo-
cations for foul play injuries than for non-
foul play injuries (p<0.001 and p=0.002). 
The most commonly injured body parts 
for non-foul play injuries were the thigh 
(24.5%) and the lower leg (12.9%). Thigh 
injuries were significantly more common 
non-foul play injuries, compared with 
foul play injuries (p<0.01). In addition,  
injuries to the groin, which constituted 
6.1% of the non-foul injuries, while none 
of the foul play injuries affected the groin, 

Table 6. Types of foul play injury and non-foul play injury

Type of injury
Number of injuries 

Contusion

Ligament sprain

Laceration/abrasion/skin lesion

Muscle strain/rupture/tear

Concussion

Bone fracture

Ligament rupture

Other bone injuries

Other

Muscle cramps

Tendinosis/tendinopathy

Lesion of the meniscus

Arthritis/synovitis/bursitis

Fasciitis/aponeurosis

Number of injuries (%)
Foul

91 (67.9)

21 (15.7)

7 (5.2)

5 (3.7)

3 (2.2)

3 (2.2)

1 (0.7)

1 (0.7)

1 (0.7)

0

0

0

0

0

Number of injuries (%)
Non-foul

105 (37.8)

33 (11.9)

18 (6.5)

69 (24.8)

3 (1.1)

5 (1.8)

6 (2.2)

0

19 (6.8)

10 (3.6)

3 (1.1)

3 (1.1)

2 (0.7)

1 (0.4)
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were significantly more common non-foul 
play injuries compared with foul play inju-
ries (p<0.01).

With the exception of one foul play in-
jury and one non-foul play injury, the in-
jury type was reported on all injury report 
forms included in the analyses. The most 

common injury type, in terms of both 
foul play injuries and non-foul play inju-
ries, was contusion. However, contusions 
were a significantly more common injury 
type for foul play injuries, compared with 
non-foul play injuries (p<0.001). Muscle 
strains, ruptures or tears were the second 

Figure 4. The incidences of foul play injuries and non-foul play injuries during different 
match periods. Ryynänen et al. Published in British Journal of Sports Medicine 2013; 
47(15): 986-991. 
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Table 7. Severity of foul play and non-foul play injuries

Severity 
(estimated days of absence)

Slight (0)

Minimal (1-3)

Mild (�-�)

Moderate (8-28)

Severe (over 28)

Number of injuries (%)
Foul play

52 (40.9)

51 (40.2)

12 (9.4)

9 (7.1)

3 (2.4)

Number of injuries (%)
Non-foul

74 (29.1)

102 (40.2)

38 (15.0)

31 (12.2)

9 (3.5)

most common type of non-foul play inju-
ries and constituted 24.8% of all non-foul 
play injuries. The corresponding percent-
age of muscle strains, ruptures or tears for 
foul play injuries was 3.7% and this injury 
type was significantly more common for 
non-foul play injuries compared with foul 
play injuries (p<0.001). Table 6 presents 
the types of injury in terms of both foul 
play injuries and non-foul play injuries. 

For 94.8% (n=127) of all foul play 
injuries and for 91.4% (n=254) of all 
non-foul play injuries, an assessment of 
the severity of injury was reported on the 
injury report form by the team physician. 
The mean lay-off time, expressed as the 
resulting number of days of absence from 
playing or training football, was signifi-
cantly (p<0.01) shorter for foul play inju-
ries compared with non-foul play injuries. 
The median (IQR) days of absence (lay-off 
time) resulting from foul-play injuries was 
one (IQR 0, 3) for foul play injuries and 
two (IQR 0, 5) for non-foul play injuries. 
The numbers of injuries, with their relative 
proportions, within each category of in-
jury severity, ranging from slight to severe, 
are presented in Table 7.

�.�.1 Comparison of incidences 
of foul play injuries and non-foul 
play injuries during different 
match periods

An analysis of the differences in injury 
incidence, between foul play injuries and 
non-foul play injuries, during subsequent 
15-minute match periods, revealed a sig-
nificant main effect of both the cause (foul 
play vs. non-foul play) and the match pe-
riod on injury incidence during matches 
(p<0.001 and p<0.001). No significant 
interaction between the cause of injury 
and match time was observed (p=0.99). 
Moreover, the analysis of differences in in-
jury incidence, between foul play injuries 
and non-foul play injuries, depending on 
teams’ current losing/drawing/winning sta-
tus during the course of matches, showed a 
significant main effect of both the cause of 
injury and the team status on injury inci-
dence (p<0.001 and p=0.01 respectively). 
No interaction between the cause of injury 
(foul vs. non-foul) and teams’ current los-
ing/drawing/winning status was observed 
(p=0.34). Figures 4 and 6 present the inju-
ry incidences of both foul play injuries and 



�2

Table 8. Incidences (per 1,000 match hours) of foul play injuries and non-foul play injuries 
for the different playing positions.

Playing  
position

Forwards

Midfielders

Defenders

Goalkeepers

Foul play injury  
incidence (9�%CI)

26.2 (17.8 to 37.2)

21.6 (16.1 to 28.4)

17.3 (12.5 to 23.5)

5.1 (95% CI 1.1 to 14.8)

Non-foul play injury  
incidence (9�%CI)

53.2 (41 to 68.2)

34.3 (27.2 to 43.6)

46.1 (37.9 to 55.6)

28.8 (16.8 to 46.1)

p-value 

<0.01

<0.05

<0.001

<0.01

Figure 5. The incidences of foul play injuries and non-foul play injuries for the different 
playing positions. Ryynänen et al. Published in British Journal of Sports Medicine 2013; 
47(15): 986-991.
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non-foul play injuries during subsequent 
15-minute match periods and depend-
ing on the teams’ drawing/losing/winning  
status respectively.

�.�.2 Comparison of injury inci-
dences, for foul play injuries and 
non-foul play injuries, between 
playing positions

An analysis of the differences between 
foul play injury incidences and non-foul 
play injury incidences for the different 
playing positions revealed no significant 
interaction between the cause of injury 
(foul play vs. non-foul play) and playing 
position (p=0.085). When it came to the 
incidences of foul play injuries and non-
foul play injuries in general, the incidences 
of foul play injuries and non-foul play in-

juries differed significantly for all playing 
positions, with the incidence of non-foul 
play injuries being significantly higher for 
all positions (Table 8 and Figure 5).

�.�.3 The association between  
the number of fouls and injuries  
in a match

A total of 6,678 fouls were committed (as 
judged by the match referees) during the 
192 matches played in the three World 
Cup tournaments. The total numbers of 
fouls for each tournament separately were 
2,300 in the 2002 World Cup, 2,367 in 
the 2006 World Cup and 2,011 in the 
2010 World Cup.

In all matches played, the number of 
fouls per match varied between 13 and 62 
and an average of 35 fouls were committed 

Table 8. Incidences (per 1,000 match hours) of foul play injuries and non-foul play injuries 
for the different playing positions.

Playing  
position

Forwards

Midfielders

Defenders

Goalkeepers

Foul play injury  
incidence (9�%CI)

26.2 (17.8 to 37.2)

21.6 (16.1 to 28.4)

17.3 (12.5 to 23.5)

5.1 (95% CI 1.1 to 14.8)

Non-foul play injury  
incidence (9�%CI)

53.2 (41 to 68.2)

34.3 (27.2 to 43.6)

46.1 (37.9 to 55.6)

28.8 (16.8 to 46.1)

p-value 

<0.01

<0.05

<0.001

<0.01

Figure 6. The incidences of foul play 
injuries and non-foul play injuries 
for drawing, losing and winning 
teams. Ryynänen et al. Published in 
British Journal of Sports Medicine 
2013; 47(15): 986-991.
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Figure 7. The relationship between the numbers of fouls and injuries in matches.  
Ryynänen et al. Published in British Journal of Sports Medicine 2013; 47(15): 986-991.

per match (SD 1.7). A significant associa-
tion between the total number of fouls per 
match and the total number of injuries was 
observed (p<0.001), with the injury inci-
dence in matches showing an increasing 

trend with an increasing total number of 
fouls per match, as presented in Figure 7. 
The number of matches in each match cat-
egory, based on the number of injuries per 
match, are presented in Table 9.
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4.7 Results of the 	
video analysis

The revision of full video recordings of the 
192 matches played resulted in the iden-
tification of a total of 671 contact injury 
risk incidents. Of the 441 injuries report-
ed in the injury-surveillance system from 
the three World Cup tournaments, 304 
(68.9%) were contact injuries. One hun-
dred and twenty-eight (42.1%) of the con-
tact injuries reported in the injury-surveil-
lance system could be linked to a contact 
injury risk incident, identified from the 
video recordings. The intra-rater reliability 
of the video analysis of contact injury risk 
incidents was very good ( =0.88-0.98) for 
all variables and tackle parameters. Table 
10 summarises the study results for the FIA 
variables and the added variables, as well as 
the results of the regression analysis.

�.�.1 Regression analysis of FIA 
(and added) variables

Two of the variables included in the regres-
sion analysis were identified as indepen-
dent predictors of injury. In other words, 
there were significant differences between 

the ratios of contact injury risk incidents 
that could be linked to post-match injury 
reports and contact injury risk incidents 
that could not be linked to post-match in-
jury reports. These two variables were:

• Attack type (p<0.01)
• The involvement of foul play (p<0.05)

“Long (organised) attacks” was the vari-
able category for the variable “attack type”, 
which had the lowest ratio (11.6%) of 
contact injury risk incidents that could 
be linked to post-match injury reports, 
per contact injury risk incidents within 
the variable category. The ratio was high-
est for “long attacks including a long pass” 
(27.7%), followed by “set plays” (24.2%) 
and “breakdown attacks” (23.3%). 

When the contact injury risk inci-
dents involved foul play, as judged by the 
match referee, the ratio (17.1%) of contact 
injury risk incidents that could be linked 
to post-match injury reports, per contact 
injury risk incidents within the variable 
category, was lower than for contact injury 
risk incidents that did not involve foul 
play (22.4%). None of the other variables 
was identified as an independent predictor  
of injury.

Number of injuries

0 injuries

1-2 injuries

3-� injuries

� or more injuries

Table 9. The number of matches within match categories based on the total number of fouls.

Number of matches

22

101

46

23
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Table 10. The numbers of both the contact injury risk incidents that could not be linked to 
an injury and those that were linked to an injury, as well as their relative proportions for all 
the categories of each variable. In addition, the table shows the results of the multivariate 
regression analysis, with the relative risk (OR*) for each category, as well as the significance of 
differences in the relative risks between the categories of each variable. 

Variables and 
categories

All variables

Ball possession
Defence
Attack

Attack type
Set play

Breakdown attack
Long attacks,  

including a long pass

Long attacks

Current score
Losing

Drawing
Winning

Degree of balance  
in opponents’ defence

Good
Average

Poor

Match period (time)
0-15 minutes

16-30 minutes
31-45 minutes
46-60 minutes
61-75 minutes
76-90 minutes

Extra time

p-value

0.86

<0.01

0.23

0.22

0.50

Number of FIA 
contact injury  
risk incidents  
without linkable 
FIFA injuries (%)

543 (80.9)

222 (80.7)
321 (81.1)

69 (75.8)
132 (76.7) 
83 (72.2)

259 (88.4)

96 (79.3)
240 (77.7)
207 (85.9)

280 (85.6)
180 (76.9)
83 (75.5)

70 (76.9)
84 (78.5)
101 (82.8)
92 (87.6)
85 (79.4)
99 (79.2)
12 (85.7)

OR* (9�%CI)

1 (Reference)
1.05 (0.64-1.69)

1 (Reference)
0.99 (0.50-1.94)
1.17 (0.57-2.40)

0.42 (0.22-0.84)

1 (Reference)
0.99 (0.56-1.75)
0.64 (0.33-1.26)

1 (Reference)
1.35 (0.84-2.19)
1.63 (0.91-2.93)

1 (Reference)
0.79 (0.39-1.57)
0.61 (0.3-1.27)
0.48 (0.21-1.08)
0.96 (0.46-1.98)
0.87 (0.43-1.77)
0.54 (0.08-3.54)

Number of FIA
contact injury
risk incidents
with linkable
FIFA injuries (%) 

128 (19.1)

53 (19.3)
75 (18.9) 

22 (24.2)
40 (23.3) 
32 (27.8)
 
34 (11.6) 

25 (20.7) 
69 (22.3) 
34 (14.1) 

47 (14.4) 
54 (23.1) 
27 (24.5) 

21 (23.1) 
23 (21.0) 
21 (17.2) 
13 (12.4) 
22 (20.6) 
26 (20.8) 
2 (14.3) 

Descriptive data Results of multivariate  
regression analysis
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Player’s position
Defender

Midfielder
Forward

Goalkeeper

Player’s action  
with the ball

Dribbling
Heading

Deflecting the ball
Kicking the ball

Goalkeeper action
No action with the ball

Player’s movement  
intensity

High intensity
Low intensity

Attention towards
Primary duellist

The ball
Team-mate

Other

Involvement of a tackle
Yes
No

Involvement of foul play
No
Yes

173 (79.4)
190 (79.8)
142 (83.5)
38 (84.4)

112 (83.6)
46 (67.7)
199 (81.9)
56 (86.2)
34 (85.0)
96 (79.3)

456 (80.4)
87 (83.6)

74 (87.1)
435 (80.0)
24 (82.8)
10 (76.9)

500 (80.8)
43 (82.7)

194 (77.6)
349 (82.9)

1 (Reference)
1.19 (0.71-1.99)
0.87 (0.49-1.56)
1.30 (0.13-13.31)

1 (Reference)
1.54 (0.68-3.51)
1.04 (0.56-1.93)
0.69 (0.28-1.7)
0.55 (0.04-7.66)
1.03 (0.46-2.31)

1 (Reference)
0.8 (0.44-1.47)

1 (Reference)
1.68 (0.82-3.44)
2.11 (0.61-7.31)
2.53 (0.58-11.02)

1 (Reference)
1.52 (0.61-3.82)

1 (Reference)
0.59 (0.38-0.93)

45 (20.6) 
48 (20.2) 
28 (16.5) 
7 (15.6)

22 (16.4) 
22 (32.4) 
44 (18.1) 
9 (13.8) 
6 (15.0) 
25 (20.7) 

111 (19.6) 
17 (16.4) 

11 (12.9) 
109 (20.4) 
5 (17.2) 
3 (23.1)

119 (19.2) 
9 (17.3) 

56 (22.4) 
72 (17.1)

0.73

0.72

0.47

0.41

0.37

0.02
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(19.2%; 95%CI 16.1-22.3) could be linked 
to post-match injury-surveillance reports.

Figure 8 presents the percentages of 
contact injury risk incidents involving a 
tackle that could be linked to injuries (as 
defined in the FIFA post-match injury sur-
veillance) for the tackle parameters direc-
tion, mode and action.

�.�.2 Results of the tackle analysis

Six hundred and nineteen of the 671 
contact injury risk incidents (92.1%) in-
volved a tackle, as defined in the method-
ology proposed by Fuller et al.[71] One 
hundred and nineteen of the contact in-
jury risk incidents that involved a tackle  

Figure 8. The percentages and 95% confidence intervals of contact injury risk incidents involv-
ing a tackle that could be linked to injury for the different tackle parameters and categories. 
Ryynänen et al. Published in Global Journal of Medical Research (H) 2014; 14(3): 1-9.
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Tackle action
For the categories in the “tackle action” pa-
rameter, the differences in the proportions 
of contact injury risk incidents involving 
a tackle that could be linked to injuries 
and other contact injury risk incidents 
involving a tackle were statistically sig-
nificant (p=0.013, lower part of Figure 8).  
“Two-footed” tackle actions and tackle ac-
tions involving “use of upper limb”, a “clash 
of heads” or a “combination” of several  
tackle actions were more frequently associ-
ated with injuries than tackle actions in-
volving “upper body contact” or “one-footed” 
tackle action.

Most tackles that resulted in an identi-
fiable contact injury risk incident involved 
a “one-footed” tackle action (n=234). The 
second most common tackle action was 
“two footed”, with 158 contact injury risk 
incidents resulting from tackles with this 
action. “Two-footed” tackles were followed 
by tackles involving “use of upper limb”, 
tackles involving “upper body contact”, 
tackles involving a “clash of heads” and, ul-
timately, tackles for which a combination 
of several tackle actions with the potential 
to cause injuries was observed (“combina-
tion”, n=39) and no dominant tackle ac-
tion could therefore be determined. 

Tackle direction and mode
With respect to the categories in the 
“tackle direction” and “tackle mode” pa-
rameters, there were no statistically sig-
nificant differences in the proportions of 
contact injury risk incidents involving a 
tackle that could be linked to injuries, 
compared with other contact injury risk 
incidents involving a tackle.  Most contact 
injury risk incidents resulted from tackles 
from the “side” (n=346), 144 tackles came  
from the “front”, while 129 of the tackles 
resulting in contact injury risk incidents 
came from “behind”. The most common 
“tackle mode” category, resulting in con-
tact injury risk incidents, was “on feet“ 
(n=328). One hundred and seventy-six 
tackles had the mode “sliding in” and 115 
a “vertical jump”.
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The most important findings in the pres-
ent thesis are that game-related changes 
are associated with injury incidence in 
male World Cup football and that certain 
match events may affect the variation in in-
jury incidence during a match. The thesis 
also identified some concerns in terms of 
the widely used video analysis methodolo-
gies, including information that may serve 
as a base for developing improved research 
tools. Finally, the results of this thesis show 
that match statistics can be successfully 
combined with injury-surveillance data, 
adding to the current understanding of 
factors associated with football injuries.

5.1 Why did changes in 
the score affect the 
injury incidence?

The present thesis showed that there was 
significant variation in the injury incidence 
during a match, partly dependent on the 
current score. There were significant differ-
ences in injury incidence not only depend-
ing on the teams’ current drawing/losing/
winning status but also for both teams de-
pending on the score in the match.

The association between the current 
score and injury incidence has, to the best 
of our knowledge, not previously been 
studied in football, or any other sports. 

5

DISCUSSION
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The injury incidence was lowest during the 
0-0 score, which is also the initial score at 
the beginning of the match. Significantly 
higher injury incidences were found when 
the score was even, but goals had been 
scored (p=0.015), and during match peri-
ods, when there was a two or more goal 
difference between the teams facing each 
other (p=0.016). As the 0-0 score is the 
initial score in the match, it is difficult to 
determine the differences between the im-
pact of fatigue (or other time-related fac-
tors) and the impact of the current score 
on the changes in injury incidence. Many 
previous studies have shown that the inci-
dence of injury is lowest during the first 
fifteen minutes of the halves of the match 
and that the incidence tends to increase 
substantially as the match proceeds, a phe-
nomenon often attributed to fatigue.[53, 
56, 57, 133] Physiological studies of foot-
ball indicate that sprinting and high-in-
tensity running, match intensity and dis-
tances covered decrease during the second 
half of the match, compared with the first 
half.[10, 12, 13, 21, 22, 26, 154] However, 
even though fatigue appears to be a con-
tributory factor, the association between 
fatigue and injury incidence has not been 
undoubtedly proven. The fact that the 0-0 
score represents the score during the initial 
moments of the match was most probably 
not the only reason for the lowest injury 
incidence during that period found in the 
present study. Moreover, player exposure 
was highest for the 0-0 score group, show-
ing that a score of 0-0 is not limited only 
to the first minutes of a match. Moreover, 
in 68 (of 192) matches in the present ma-
terial, the first goal was not scored before 
the second half and, in 13 matches in the 
present material, 0-0 was the final score in 
the match.

There were also significant differences 
in the injury incidence (p=0.008) between 
match periods, depending on the teams’ 

current drawing/losing/winning status. 
While there was no statistically significant 
difference between the incidence of injury 
for drawing (reference value) and losing 
teams (p=0.56), the incidence of injury 
for winning teams was significantly higher 
(p=0.007). The end result of a match, and 
its association with injury incidence, has 
been studied before. Hägglund et al.[111] 
found no differences in injury incidence 
between matches with different outcomes 
(won, drawn, lost) in European Champi-
onship football. On the other hand, in a 
study at national team level, Ekstrand et 
al.[191] found that the injury incidence 
was higher during matches where the team 
had lost. The final score might, however, 
not reflect the score during the match, as 
goals can be scored until the last minutes 
of the match. While these results from 
previous research might appear contradic-
tory, considering the findings in the pres-
ent thesis, the present studies focused on 
the current score and, for this reason, the 
results of the present thesis are not directly 
comparable to the previous results.

Although the underlying factors for 
the score-dependent variation in injury 
incidence cannot be identified, based on 
the results of the present thesis, some un-
derlying reasons for the phenomenon can 
be speculated upon. As the FIFA World 
Cup is a prestigious tournament, with a 
relatively small number of matches played 
only once every four years, the importance 
of the result of a single match for a team 
must be emphasised. When a team scores a 
crucial goal, and takes the lead, this could 
provoke a reaction in the other team as it 
then runs an increased risk of losing the 
match. Aoki et al.[192] conducted a study 
of professional Japanese football players 
and discussed the possibility of player atti-
tudes affecting the variation in injury inci-
dence during different match periods. The 
higher injury incidence for the team in the 

DISCUSSION
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lead could be partly explained by possible 
changes in team strategy that the leading 
team may apply in order to maintain its 
lead. By applying a more defensive strategy, 
for example, in order to prevent the oppo-
nent from scoring. On the other hand, the 
losing team might have to make strategic 
changes as well, such as applying a more 
aggressive style of play, in order to equalise 
the score. Supporting the association be-
tween the current match result and team 
tactics, an analysis of ball possession strate-
gies in top-level Spanish male football, by 
Lago-Peñas and Dellal,[193] showed that 
team strategies were affected by the score 
line. They found that teams that were los-
ing significantly increased their ball pos-
session, while the opposite was found for 
winning teams.[193] 

Furthermore, Junge et al.[116] found 
that 90% of footballers are ready to com-
mit a deliberate (or “professional”) foul 
if required, depending on the score and 
importance of the match. Any match in 
a FIFA World Cup could arguably be re-
garded as being of great importance. More-
over, Rascle et al.[157] found differences 
in soccer players’ perceived legitimacy of 
aggression, partly dependent on the cur-
rent score. Further support was found in 
a study by Fuller,[156] which showed that 
the level of injury in World Cup football 
caused by the weaker teams (teams that 
were eliminated at the group stage) was 
greater than that caused by the stronger 
teams, suggesting that weaker teams may, 
indeed, play more aggressively. Based on 
the results, Fuller concluded that some in-
juries in football were likely to be caused 
by deliberately aggressive behaviour on the 
part of certain players.[156] On the other 
hand, a study of professional ice hockey 
players did not find any association be-
tween the aggressive behaviour of players, 
depending on the winning/drawing/losing 
status of the team.[194] In football, the 

percentage of tackles involving foul play 
does not appear to differ between winning, 
drawing and losing teams.[156] However, 
a foul/tackle ratio might depend on vari-
ous other factors not related to aggression. 
These situation-dependent changes in 
player attitudes and team strategies present 
some possible underlying reasons for the 
score-dependent variation in injury inci-
dence during matches.

5.2 PGDIs contribute 	
to the variation in 	
injury incidence 	
during matches

Study II showed	 that yellow and red 
cards, injuries and goals are related to 
changes in injury incidence during a 
match. These essential, and partly inevi-
table, match events have not previously 
been studied as extrinsic risk factors for 
injuries. As was discussed in the previous 
paragraph, changes in the score might 
provoke responses, such as aggression, in 
players and teams that influence the risk of 
injuries during the following course of the 
match. According to the hypothesis, yellow 
and red cards, or injuries may also have a 
similar influence. The results of Study II 
support this hypothesis. 

Psychological stressors and situation-
dependent emotional states appear to be 
associated with the risk of suffering sports 
injuries.[155] A study assessing the effect 
of behavioural and situational factors on 
concentration and skill performance in 
sports suggested that concentration is neg-
atively affected by aroused, angry behav-
iour and by a social environmental setting 
of considerable complexity and stress.[195] 
Seeing a team-mate or another player get-
ting injured might represent a situation of 
considerable stress. Consequently, it could 
affect the player’s concentration, and emo-
tional state and even lead to physiological 
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responses. Stanger et al.[196] found great-
er physiological responses (blink respons-
es, heart-rate deceleration, as well as P300 
waves and slow-wave potentials on EEG) 
when athletes were looking at unpleasant 
sport-specific pictures (players being hurt 
by another player or players being badly 
injured), compared with neutral or pleas-
ant pictures. The participants in the study 
by Stanger et al.[196] were both male and 
female football, rugby and field-hockey 
players. An injury that leads to a player be-
ing substituted could also affect the team 
strategy, especially if the injury affects a key 
player. For this reason, there may be conse-
quences of injuries that lead to changes in 
team tactics, some of which may lead to an 
increased risk of injury. Previous research 
has shown that team performance in gen-
eral is negatively affected by injuries.[62] 
The results of the present thesis suggest 
that the association between injuries and 
the match result is reciprocal.

As described in the methods section, 
yellow and red cards are sanctions by the 
referee which can result from various of-
fences, such as unsporting behaviour, dis-
sent in the form of word or action, persis-
tent infringement of the laws of the game, 
delaying the restart of play, serious foul 
play, violent conduct, spitting at another 
player/or any other person, or denying an 
obvious goal-scoring opportunity by foul 
play, among others.[9] These offences in-
clude many that could potentially affect 
the players’ situation-dependent emotion-
al states. These sanctions may also reflect 
aroused and angry behaviour in a social 
environmental setting of complexity and 
stress, that has been shown negatively to 
affect the players’ concentration.[195] 
Moreover, foul play, and especially fouls 
resulting in severe sanctions, may provoke 
aggression and in the worst cases even ac-
tions involving elements of revenge among 
the team-mates of the player on whom the 

foul is committed. Contact between play-
ers accounts for the majority (63-86%) 
of the injuries in international football 
tournaments [50-53, 111] and the delib-
erately aggressive behaviour of players is 
probably a contributory factor in injury 
causation.[156] A red card, which leads to 
the expulsion of the offending player, may 
also disrupt the balance between the two 
teams, as the team of the sent-off player 
consequently has to play with one fewer 
player. This might lead to fatigue in the 
players in the outnumbered team, as they 
have to compensate for the absence of one 
of their players.

As discussed previously in terms of 
the variation in injury incidence during a 
match, the total incidence of injury (with-
out taking account of injury- or player-
specific factors) increases towards the end 
of each half and this has generally been at-
tributed to increasing player fatigue, which 
does appear to play an essential role.[55, 
83, 192] As also discussed in the introduc-
tory section of the present thesis, previous 
research has produced somewhat contra-
dictory findings relating to the injury inci-
dence variation during a match. Research 
on the physiological aspects of football in-
dicates that the amounts of high-intensity 
running and distance covered by sprinting 
are similar in the last 15 minutes of the 
first half and the first 15 minutes of the 
second half,[12] which appears somewhat 
contradictory in terms of the fatigue hy-
pothesis, when it comes to the variation in 
injury incidence. In the present data, the 
highest injury incidence during matches 
was calculated during the last 15 minutes 
of the first half. There was also a tendency 
for the injury incidence to decrease during 
the last 15 minutes of the match (Figure 1). 
A study of football physiology indicates 
that this is the match period in which fa-
tigue supposedly accumulates.[12] The 
degree of the developing fatigue is also 



8�

affected by match conditions, such as the 
match result, quality of opposition, among 
others,[27] suggesting that fatigue and 
match events could possibly synergistically 
influence the risk of injury. It appears clear  
that the variation in injury incidence dur-
ing a match is multifactorial and many 
underlying factors probably remain to  
be discovered.

In Study I, we showed that changes in 
the score are associated with the variation 
in injury incidence during a match. The re-
sults of Study II show that the injury inci-
dence during a match increased with every 
PGDI (injuries excluded) and that there 
was a significant association between the 
occurrence of PGDIs and injuries. The in-
jury incidence was also significantly higher 
during short match periods immediately 
following PGDIs. Curiously, even though 
the frequency of PGDIs increased steadily 
towards the end of the match, the injury 
incidence showed a decreasing trend dur-
ing the last fifteen minutes of the match. 
Considering the substantial proportion of 
injuries caused by contact between players 
in World Cup football, the accumulating 
fatigue and the decrease in high-intensity 
running towards the end of the match [12] 
could subsequently reduce the potential 
trauma energy and thus counter-intuitively 
reduce the incidence of contact injuries.

5.3 The influence of 
playing position on 	
injury incidence

The present thesis found that the incidenc-
es between the playing positions differed 
significantly (p<0.001), with forwards hav-
ing a substantially higher injury incidence 
than players in other positions. Previous 
research has produced contradictory results 
regarding possible differences in injury in-
cidence between playing positions. Some 
studies have shown no significant differ-

ences,[60, 67] while others have indicated 
an increased risk for defenders [66] and  
yet others have suggested that forwards 
might run the greatest risk.[130, 197] The 
previous studies have used different meth-
odologies, making it difficult to compare 
the results.

The reasons for the higher risk of in-
jury for forwards remain unclear. One 
possible explanation is the nature of the 
tournament. The small number of match-
es played in a World Cup tournament 
highlights the importance of the result of 
each match, speculatively emphasising the 
pressure on forwards to score goals. The 
underlying reasons may also be related to 
the different physiological profiles for dif-
ferent playing positions. Several studies 
of the physiological aspects of top-level 
football indicate significant differences in 
physical performances between playing 
positions.[10, 13, 14, 21, 23] For exam-
ple, midfielders, the group with the low-
est injury incidence in the present data, 
cover greater distances during matches 
than other playing positions.[10, 14, 24] 
This appears somewhat contradictory, as 
we could thus expect midfielders also to 
be more prone to fatigue and consequently 
more prone to injuries. However, the in-
tensity and number of match activities ap-
pear to be important for development of 
fatigue.[20] Bloomfield et al.[14] analysed 
the physical demands of different playing 
positions in English FA Premier League 
football and found that forwards were 
most subjected to physical contact during 
high-intensity activities. Power and speed 
have been shown to be important abilities 
for players in goal-scoring situations.[19] 
As physical contact between players is 
involved in most injuries in World Cup 
football, the possibly higher trauma ener-
gies, due to the high-intensity action at the 
moment of contact, could be one logical 
explanation for the high injury incidence 
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found in forwards, in the present thesis. As 
a result of the position-dependent physical 
demands, midfielders and forwards may 
also have different muscle properties, part-
ly explaining the differences in their physi-
cal performances, in terms of the level of 
intensity during match activities.

One of the most interesting findings 
in the present thesis, in terms of the in-
jury risk for different playing positions, 
was that the outfield playing positions 
had different injury incidences, depend-
ing on the teams’ drawing/losing/winning 
status. For defenders and midfielders, the 
injury incidence was highest when their 
team was winning. This could in part be 
a result of their role in defending the lead, 
which might emphasise the importance of 
their positional role, especially for defend-
ers. Forwards had a substantially higher 
incidence when their team was drawing, 
compared with game periods when their 
team was losing or winning. It could be 
speculated that forwards are under greater 
pressure to score, when their team is draw-
ing, compared with game periods when 
their team is already winning. However, 
the supposition that forwards in a winning 
team ran a higher risk of injuries than for-
wards in a currently losing team appears 
counter-intuitive, as it could be expected 
that emphasising the role of forwards in a 
losing team would be of great importance. 
Theoretically assuming that the technically 
and/or tactically superior team is more 
likely to be leading a match, a speculative 
explanation could be that the forwards in 
the losing team may have fewer opportuni-
ties to influence the course of the match 
and therefore be less prone to contact 
injuries. A study by Di Mascio et al.[23] 
showed that there is substantial variation 
in high-intensity running, the work/rest 
ratios and average distances covered by 
high-intensity running during different 
match periods and that these differences 

are dependent on the positional role of 
the player. Moreover, as stated above, the  
degree of the developing fatigue is also 
influenced by the match result and the 
quality of the opposition.[27] These physi-
ological alterations, which are dependent 
in part on positional roles and the cur-
rent score, present as an underlying factor  
for these partly surprising results in the 
present thesis.

5.4 The counter-	
intuitive association 
between a longer 	
recovery time and 	
a higher injury 	
incidence

The present thesis found a surprising as-
sociation between an increasing number 
of recovery days between matches and an 
increasing injury incidence. The match 
schedule during a FIFA World Cup is in-
tense and teams may only have two full 
days to recover between matches at some 
stages of the tournament. Considering 
the literature, this finding appears highly 
counter-intuitive. Football players have 
been shown to feel overloaded and often 
not completely recovered as a result of 
their match and training schedules.[116] 
Dupont et al.[198] found that professional 
top-level players had a significantly higher 
injury rate when playing two matches a 
week, compared with periods when the 
teams played one match a week. Ekstrand 
et al.[105] showed that 29% of the inter-
national players that played more than 
one match a week for their clubs during 
the season incurred an injury during the 
following World Cup, even though these 
players did not run an increased risk of in-
jury during the intense period of the sea-
son. Moreover, muscle injuries have been 
shown to be significantly associated with 
condensed match fixtures.[106]
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Some possible explanations for the 
surprising findings in the present thesis 
can be speculated upon. A study by Mohr 
et al.[12] suggested that top-level players 
might adapt to increasing physical de-
mands towards the end of the playing sea-
son. The World Cup is played after the end 
of the club season and it is possible that 
players have therefore adapted to a high 
match frequency before the World Cup. 
This could possibly help to explain why 
the short recovery time was not associated 
with a higher injury incidence in the pres-
ent thesis, compared with a longer recov-
ery time. However, it would not explain 
the trend towards increasing injury inci-
dence with an increasing recovery time. A 
methodological aspect relating to the in-
jury definition might offer part of the ex-
planation: in contrast to the present thesis, 
studies that have associated a condensed 
schedule with injuries have applied a time-
loss definition of injury.[106, 198] Most 
injuries in male FIFA World Cup football 
are contusions caused by physical contact 
between players and a large proportion of 
World Cup injuries do not result in time 
loss.[50-52] When players have a longer 
break between matches, they may have 
more energy in the following match com-
pared with matches preceded by a short 
recovery time. The higher energy level 
may result in more high-intensity activi-
ties during a match and thus increase the 
trauma energies in contact situations, con-
sequently leading to contusions. Almost all 
time-loss muscle injuries in football have 
been shown to be the result of non-contact 
mechanisms.[133] As the contact injuries 
account for the largest proportion of all in-
juries, the trend towards increasing injury 
incidence with increasing recovery time in 
the present thesis could be accounted for 
by an increase primarily in these injuries. 
Unfortunately, the present thesis did not 
take account of the relative proportions 

of different injury types and locations in 
this analysis. Future research should aim to 
investigate the relationship between recov-
ery time and injuries, with material large 
enough to assess differences between dif-
ferent injury types.

5.5 Foul play and 	
injuries

The present thesis found that the number 
of fouls and the number of injuries in a 
match during FIFA World Cups were sig-
nificantly associated (p<0.001). This is in 
line with previous research, showing that 
foul play is involved in the cause of 35-
80% of the injuries resulting from physical 
contact between players [51, 52, 54, 73, 
128, 129] and, unsurprisingly, foul play 
has long been regarded as the most impor-
tant extrinsic risk factor for injuries.[60] 
However, even though it has been known 
that some injuries result from foul play, a 
relationship between the total number of 
fouls and injury incidence has not previ-
ously been demonstrated. 

A foul is called by the match referee 
when a player breaks the rules and award-
ing the foul in itself could thus be seen as a 
preventive measure, encouraging the play-
ers to follow the laws of the game. From 
this perspective, it would appear logical 
that a large number of fouls awarded by 
the referee would encourage the players to 
follow the rules and consequently reduce 
the number of injuries. However, a large 
number of fouls in a match reflects the fact 
that players break the rules frequently and, 
from this perspective, the higher injury 
incidence with an increasing number of 
fouls appears logical. Curiously, prospec-
tive injury-surveillance data from World 
Football Tournaments show that the inju-
ries in female football are increasing, while 
the number of yellow cards sanctioned by 
the match referees is decreasing.[54] A ten-
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dency towards a high foul frequency at the 
beginning of a match, resulting in high to-
tal foul rates in a match has been shown in 
the Turkish Football Super League.[199] 
As stated in the introduction, football 
players often consider provocation and 
“hidden” fouls (fouls committed assum-
ing that they will remain unnoticed by the 
referee) as parts of the game and players 
often tend to “pay back” the opponent for 
these fouls.[116] These previous findings 
may partly explain why fouls accumulate 
in some matches.  Some means for early 
interventions in matches that start with 
high foul frequencies, in order to reduce 
the total number of fouls in a match, may 
thus be beneficial from an injury-preven-
tion perspective. Strict refereeing with early 
sanctions could hypothetically encourage 
the players to follow the rules. This might 
appear contradictory to other results in the 
present thesis (Study II), which show that 
injury incidence is also associated with yel-
low and red cards and that the incidence of 
injury is high during short match periods 
following these sanctions. However, as the 
results of Study II show, the frequency of 
PGDIs has a tendency to increase towards 
the end of the match, with the highest 
frequencies in the last 15 minutes of the 
match. As yellow cards were the most fre-
quent PGDIs, this could suggest that few 
yellow cards are awarded at the beginning 
of the match, where they might best serve 
the purpose of reducing the total number 
of fouls (and consequently also cards) dur-
ing a match. Fouls may also have effects 
similar to those of PGDIs on players’ con-
centration, by contributing to an aroused, 
angry and aggressive environment, and 
consequently contribute to the increased 
injury risk during matches.

The question nonetheless remains; to 
what extent do foul play injuries affect the 
association between the total number of 
fouls and injury incidence during match-

es? Figure 7 shows that the differences in 
the total number of fouls in match groups 
based on the total number of injuries  
per match are not very substantial. It  
therefore appears possible that foul play  
injuries accounted for this association to  
some extent. However, considering that 
foul play injuries accounted for 30% of 
all injuries, it is questionable whether they 
alone could have accounted for the signifi-
cance of the association. Future studies, 
with large enough cohorts, should answer 
this question.

5.6 Foul play injuries 
were less severe than 
non-foul play injuries

The present thesis supports the findings 
in previous studies,[82, 91, 111] indicat-
ing that foul play injuries are less severe 
than non-foul play injuries. In the pres-
ent data, foul play injuries accounted for 
a quarter of all the severe injuries and a 
fifth of all the moderate injuries. The co-
hort in the present thesis is too small to 
analyse the clinical significance of these 
findings. In addition, the post-match in-
jury-surveillance methodology may unfor-
tunately underestimate the incidence of 
severe injuries,[54] as the injury severity is 
based on the team physicians’ post-match 
estimation and no follow-up of injuries 
is included. A speculative reason for the 
shorter lay-off time resulting from foul 
play injuries in the present thesis might, 
again, be the large proportion of contact 
injuries in the total number of reported 
injuries. Supporting this, the present the-
sis found that contusions (mainly to the 
lower leg and ankle) constituted a larger 
proportion of foul play injuries, compared 
with non-foul play injuries, and that the 
opposite was found for muscle strains/rup-
tures/tears (mainly to the thigh), which 
have been shown to occur almost only via 
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non-contact mechanisms.[133] This ap-
pears logical, as all foul play injuries in the 
present data were contact injuries, while 
almost half the non-foul play injuries did 
not result from contact between players. 
This, might therefore reflect the finding 
that foul play injuries were less severe, as 
it has been shown that muscle injuries are 
responsible for more than a quarter of the 
total injury lay-off for a professional team 
during a season.[133] 

5.7 The incidences 	
of foul play injuries 
and non-foul play 
injuries had a similar 
variation between 	
different match 	
periods and between 
playing positions

As in many previous studies, the variation 
in injury incidence was significant between 
the different 15-minute periods of the 
match. The variation in injury incidence 
between the 15-minute periods, as well  
as the variation depending on the teams’ 
winning/drawing/losing status (Studies I 
and II) have previously been discussed in 
this thesis. Curiously, the variation in foul 
play injury incidence within the different 
time periods and depending on teams’ 
current winning/drawing/losing status in 
a match was similar to that of non-foul 
play injuries. In other words, foul play 
injury incidence and non-foul play injury 
incidence appear to peak during the same 
match periods.

Similarly, the results of the present 
thesis suggest that none of the positions 
run a substantially higher relative risk of 
suffering an injury caused by foul play 
compared with the other positions. The 
results of Study III demonstrate that all 
playing positions had a higher incidence 
of non-foul play injuries, compared with 

foul play injuries, and that no interaction 
was found between foul play injuries and 
non-foul play injuries, according to play-
ing positions.

Based on the findings in the present 
thesis, it is difficult to identify match pe-
riods during which the incidence of foul 
play injuries is particularly high, compared 
with non-foul play injuries. However, the 
association between the total injury inci-
dence and the total number of fouls dur-
ing a match suggests that a large number 
of fouls affects the incidence of both con-
tact and non-contact injuries and therefore 
both foul play injuries and non-foul play 
injuries. As all non-contact injuries were 
non-foul in terms of cause, they could 
potentially have distinguished non-foul 
play injuries from foul play injuries, due 
to some different underlying risk factors 
for contact and non-contact injuries. This 
was also a potential source of bias in the 
present thesis. All injuries were included 
in the analysis, because we wanted to in-
vestigate whether foul play injuries display 
some characteristics that distinguish them 
from all other injuries. Despite the poten-
tial bias, no significant differences in the 
injury incidence of foul play injuries and 
non-foul play injuries were observed de-
pending on different match periods. This 
suggests that non-contact and contact in-
juries probably share similar underlying, 
and partly unknown, risk factors. Based 
on the results of the present thesis, one of 
these risk factors is a large total number of 
fouls in a match.

5.8 Video analysis 	
– injuries were 	
difficult to identify

Study IV aimed to identify variables (and 
variable categories) associated with a high 
risk of injury by combining previously de-
scribed video analysis methodologies with 
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data obtained from the prospective inju-
ry-surveillance system. Surprisingly, only 
42% of the contact injuries reported by 
team physicians within the prospective in-
jury-surveillance system could be linked to 
injury risk incidents, as defined in the FIA 
methodology, which involved player-to-
player contact. The percentage of injuries 
that could be linked to incidents is so low 
that the descriptive data obtained from 
these definitions can hardly be considered 
to represent a general overview of playing 
actions and match circumstances leading to 
contact injuries. The results of the present 
thesis therefore strongly question whether 
the definition of an injury risk incident, as 
defined in the FIA methodology,[72] is ap-
propriate for this type of epidemiological 
research on football injuries.

In the present thesis, a medical at-
tention definition of injury was applied. 
In contrast, previous studies applying the 
FIA methodology, which have combined 
data obtained through video analysis with 
medical data, have defined injuries on a 
time-loss basis.[70, 72, 74] In previous 
FIA studies, it has been possible to link 
43-54% of all reported injuries to injury 
risk incidents, for both contact and non-
contact injuries, albeit with a tendency to-
wards a higher percentage of identification 
for contact injuries.[70, 74] The broader 
definition of injury used in the pres-
ent thesis may help to explain the lower 
percentage of injuries that can be linked 
to incidents compared with the previ-
ous studies applying the FIA definitions. 
Time-loss injuries are, by definition, more 
severe than injuries that do not result in 
time loss. The circumstances of time-loss 
injuries may therefore be more visible and 
thus easier to detect on video recordings. 
In other words, it is possibly easier to link 
time-loss injuries to match events on video 
recordings. The present thesis (Study IV) 
considered all contact injuries equally and 

did not differentiate between injuries of 
different types or different locations.

The percentage of injuries identified 
on video recordings was too low to draw 
any conclusions about the risk of injury 
associated with the various variables in-
cluded in the analysis. This low percent-
age was achieved, despite including only 
injury risk incidents, resulting from play-
er-to-player contact, in the analysis. One 
major concern related to this low percent-
age is that common yet unknown factors 
may characterise the injuries that are not 
identified. It may therefore be necessary 
to re-define what constitutes an injury 
risk incident. This is supported by a pre-
vious study by Tscholl et al.[131] on the 
cause of injuries in top-level female foot-
ball. These authors combined medical data 
with data obtained through video analysis 
and found differences between the tackle 
mechanisms associated with injuries and 
those associated with injury risk incidents 
(as defined in the FIA methodology).[131] 
In accordance with the authors of Study 
IV, Tscholl et al.[131] also questioned the 
validity of the current FIA injury risk in-
cident definition. A scientific investigation 
into the way injuries manifest themselves 
during matches on video material remains 
to be made. This could potentially provide 
useful information for a re-definition of 
what constitutes an injury risk incident.

According to the FIA methodology, 
the definition of an injury risk incident is 
any situation during a match, in which the 
match is interrupted by the referee, when 
a player is on the ground for more than 15 
seconds, or the player appears to be in pain 
or receives medical treatment.[70, 72, 74, 
159, 161] One problem is that there may 
be numerous other situations that fulfil 
the criteria of an injury risk incident, such 
as player substitutions, offsides or when a 
player is purely time-wasting, among oth-
ers, which might not be related in any way 
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to the risk of injury. In the present thesis, 
the exclusion of injury risk incidents that 
did not involve player-to-player contact 
probably reduced the number of these oth-
er situations included in the analysis. It is 
also questionable whether on-pitch medi-
cal treatment is a relevant criterion for an 
injury risk incident. It could be argued 
that on-pitch medical attention is only 
needed in cases when the player, coach, or 
a member of the medical staff evaluates the 
situation as having the potential to cause 
an injury. However, Fuller et al.[73] have 
previously found that post-match injury 
reports correlate poorly with post-match 
medical attention. In their data, most 
post-match physicians’ reports were not 
associated with on-pitch medical attention 
(identified on video recordings). Whether 
or not some degree of under-reporting oc-
curs in the post-match injury surveillance 
is unclear. The present thesis did not take 
account of the frequencies of the different 
injury risk incident criteria, when iden-
tifying injury risk incidents. This makes 
it impossible to draw conclusions about 
whether some of the criteria, such as on-
pitch medical treatment, are more suitable 
for linking injury risk incidents with post-
match injury reports. In the following 
paragraphs, contact injury risk incidents 
will be referred to as incidents.

5.9 Assessing injury 
risk associated 	
with video analysis 
variables

The present thesis identified “attack type” 
and “involvement of foul play” as variables 
with an injury-predictive value. From the 
tackle analysis, the parameter “tackle ac-
tion” was the only parameter for which the 
categories differed significantly. Although 
these results could indicate that some de-

gree of injury risk is associated with these 
variables, it is impossible to draw any con-
clusions. The reason for this is that the to-
tal frequencies of the variables and catego-
ries during a match are not assessed, when 
applying the FIA methodology. The risk of 
injury associated with the variables (and 
categories) is therefore impossible to cal-
culate. Consequently, based on the present 
data, we can only conclude that the pres-
ence of some categories of the variables “at-
tack type”, “foul play” and “tackle action” 
during an incident had an injury-predic-
tive value. Whether or not the variable (or 
variable category) itself has an injury-pre-
dictive value remains unclear, as the total 
numbers were not recorded. In the pres-
ent thesis, these limitations also apply in 
the same way to the tackle analysis. As the 
included tackles were chosen from the co-
hort of identified incidents, other tackles, 
some of which may have caused injuries, 
were most probably excluded. 

If we hypothetically consider that the 
variables identified as independent predic-
tors of injury do, in fact, indicate a real risk 
of injury, the finding that the involvement 
of a foul in an incident was associated 
with a lower percentage of linkable inju-
ries, compared with incidents in which a 
foul was not involved, appears counter-in-
tuitive. Several underlying methodological 
reasons may be speculated upon. A foul, 
as interpreted by the match referee, usu-
ally results in an interruption of the match, 
which is the first criterion for an injury 
risk incident, according to the FIA meth-
odology. As a result, situations in which 
player-to-player contact occurred might 
have resulted in incidents relatively more 
often than non-contact situations. Simi-
larly, other contact situations that did not 
involve a foul and a consequent interrup-
tion and that may have caused some of the 
excluded injuries were likely not to fulfil 
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the criteria of an injury risk incident. It 
should be highlighted that only eight of 
the original nineteen FIA variables [72] 
were included in the analysis in the pres-
ent thesis. So, a discussion of the relevance 
of the actual variables included in the FIA 
methodology is impossible based on the 
results of the present thesis.

It should also be remembered that 
the post-match injury-surveillance system 
could also represent a source of bias and 
consequently complicate the researchers’ 
(conducting the video analysis) work in 
identifying the injury events. As described 
in the methods section of this thesis, the 
injury-surveillance data are based on post-
match medical assessments of players. In 
post-match circumstances, the times (min-
utes) of injury may sometimes be approxi-
mations instead of the exact minutes. As 
the team physicians filled in the injury re-
ports manually in post-match conditions, 
the minute of injury may have been dif-
ficult to assess, at least in some cases. The 
time of injury is often one of the crucial 
data items on the injury report form, when 
it comes to helping the researcher to iden-
tify the injury events on video material.

5.10 Video analysis 
(Study IV) – what can 
we learn?

As stated above, in the light of the present 
results, the FIA definitions require further 
development, as is probably also true of 
video analysis methodologies in general. 
In order to investigate the role of certain 
game-related variables in the injury risk, 
using video analysis methodologies, the 
optimal approach may be to focus on a 
few well-defined playing actions. The total 
frequencies of the variables of interest dur-
ing matches should be assessed, in order 
to properly assess the injury risk associated 

with them. This approach has been used 
before, for example, in studies by Fuller 
et al.[71, 73, 129] of tackle parameters 
in international football. These studies re-
corded all the tackles identified on video 
recordings, in contrast to the present the-
sis which only included those resulting in 
injury risk incidents. Consequently, Fuller 
et al.[71] were able to identify some tackle 
parameters with a greater propensity to 
cause injuries than others. They concluded 
that initiating events with a high frequency 
of occurrence and a low propensity to cause 
injuries and events with a low frequency  
of occurrence and a high propensity to 
cause injuries should be differentiated, in 
order to assess the association of certain 
factors with injuries. When the frequen-
cies of all variables (and categories) or fac-
tors are not recorded, this differentiation 
is impossible to make, as is the case in the 
present thesis. In line with this, Drawer et 
al.[200] stated that an effective risk man-
agement strategy begins with an estima-
tion and evaluation of the risks associated 
with the activity.

The approach of recording the total 
frequencies of all variables may, on the 
other hand, present challenges of other 
kinds. This is demonstrated by comparing 
the results of the study by Fuller et al.[71] 
on tackle parameters with the results of a 
study relying on injury-surveillance data 
alone.[53] Both studies included the same 
injury report data from various tourna-
ments.[53, 71] The comparison of the re-
sults from one of the tournaments (2000 
Olympics) reveals that 96% (98/102) of 
all contact injuries reported within the 
injury-surveillance system could be linked 
to tackles identified on video material.[53, 
71] This would intuitively indicate that the 
video analysis method was suitable. How-
ever, Fuller et al.[71] identified 8,572 tack-
les from 123 matches, which could roughly 
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also be expressed as 70 tackles per match, 
or more than one tackle every two minutes. 
Considering these numbers, it appears 
possible that a player could be involved in 
several tackles during the same match and 
within a short time frame. Consequently, 
the reliable linking of a post-match injury 
report form to a tackle identified on video 
material may be questionable, as it is based 
on the researcher’s assumption. This could 
be the case, especially regarding slight and 
minimal injuries, as they may be more dif-
ficult to detect on video recordings.

5.11 Limitations	

�.11.1 General limitations  
– injury-surveillance data

With regard to the prospective injury-sur-
veillance data, there are some potential 
sources of bias.

• Timing of injuries: considering that team 
physicians filled in the injury report 
manually in post-match conditions, it 
appears possible that some reported in-
jury times may be approximations in-
stead of exact minutes. A change in the 
score, or a PGDI that occurred in close 
proximity to an injury, may therefore 
have been a potential source of bias in 
some cases.

• With the exception of Study III, injury 
types, locations or the severity of inju-
ries were not taken into account in the 
analyses.

• With the lack of injury follow-up, the ac-
curacy of post-match diagnoses and of 
the estimations of injury severity is im-
possible to assess. Many players return 
to their clubs after international tourna-
ments, shifting the responsibility for in-
jury follow-up, treatment and rehabilita-
tion to the clubs’ medical staff.

• As no data on the applied playing for-

mations were included in the match 
statistics, the hypothetical 1:4:4:2 for-
mation (one goalkeeper, four defenders, 
four midfielders and two forwards) was  
applied to calculate the injury incidence 
for the different playing positions. How-
ever, it is probable that teams applied 
different formations.

In general, it was arguably a strength of 
the methodology to use a prospectively 
designed injury report for each injury, as 
has been used in several previous stud-
ies. Simultaneously, the report limits the 
description of the injury incident to the 
pre-determined factors. Moreover, some 
injuries might have initially manifested 
themselves during matches with only mi-
nor symptoms. An injury with minor ini-
tial minor symptoms may have worsened 
during a later stage of the match, with a 
more apparent onset. Some primary inju-
ries may therefore have been overlooked in 
the present data.

�.11.2 Limitations of assessing the  
association between recovery time 
and injury incidence

The present thesis calculated the exposure 
times based on the number of players on 
the field and match length. Individual 
player exposures were therefore not record-
ed. This presents a possible source of bias in 
the assessment of the association between 
recovery time and injury incidence. It is 
possible that teams applied squad rotation, 
in other words, used different players dur-
ing different matches depending on their 
recovery status. It is also possible that mi-
nor and slight injuries forced teams to rest 
players in matches that were played after a 
short recovery period. Players with minor 
injuries who returned to play after a longer 
recovery period may have run an increased 
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risk of a re-injury, compared with players 
that had suffered no injuries. This could 
theoretically in part explain the higher in-
jury incidence after a longer recovery time. 
In the present thesis, these factors were 
impossible to adjust for, as individual ex-
posure and player substitutions were not 
taken into account.

�.11.3 Limitations of Study II

The definition of PGDIs was based on 
an hypothesis and excluded some other 
match interruptions, thereby presenting a 
potential source of bias. These other inter-
ruptions, such as goal kicks, player sub-
stitutions, free kicks, among others, may 
have allowed the players to take a short 
break and consequently had a calming ef-
fect on the following course of the match. 
Moreover, differences between the relative 
effects of the different factors included 
in the definition of a PGDI (yellow and 
red cards, injuries and goals) on injury 
incidence were not taken into account. 
The match events defined as PDGIs were 
chosen because of their hypothetically 
major effect on the subsequent course of 
the match. However, other factors, such 
as aggressive or insulting comments by 
players or fans, personal frustrations, 
possible refereeing errors and disallowed 
goals, among perhaps countless others, 
which could potentially affect the course 
of a match, may have similar effects. One 
methodological issue regarding these other 
 (excluded) factors is that data on all of them 
may be impossible to obtain, making their 
significance therefore difficult to assess.

The choice of including the minute 
when a PGDI occurred in the following 
five-minute period in the analysis of the 
association between the timing of PGDIs 
and injury incidence may present a further 
source of bias. In cases in which the injury 

situation resulted in a yellow or red card 
being awarded by the match referee, this 
would arguably bias the data. A brief ret-
rospective review of the data reveals that, 
for 16/412 (3.9%) of the foul play injuries 
included in the analysis, a red or yellow 
card was awarded during the same minute. 
This would therefore account for roughly 
1.7% (16/939) of the total of yellow and 
red cards awarded in the tournaments and 
0.9% (16/1833) of all PGDIs in the three 
tournaments. It appears unlikely that a 
proportion this small could have account-
ed entirely for the substantial, and statisti-
cally significant, difference in injury inci-
dence between the narrow match periods 
following PGDIs and other match periods. 
Unfortunately, based on match statistics 
and injury report data, it is impossible to 
assess whether the PGDI, or the injury, oc-
curred first.

All reported injuries were included in 
the definition of a PGDI. It might be ar-
gued that only acute injuries that result in 
a clear interruption of the game should be 
included, as some other injuries (or their 
symptoms) may occur with a gradual onset 
(i.e. some overuse injuries), not reach the 
consciousness of many players simultane-
ously and consequently have a moderate 
impact on the course of the match. How-
ever, there appear to be no reliable tools 
available for assessing which injuries the 
players, team management and referees 
become aware of at the specific moment 
of injury and, furthermore, whether some 
injuries affect the subsequent course of the 
match more than others.

Half-time breaks may have a transi-
tory calming effect on the game. However, 
they were not taken into account in the 
analysis of injury incidence following PG-
DIs. PGDIs that occurred in the final min-
utes of the first half may thus have had a 
lesser impact during the initial minutes of 
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the following second half, compared with 
PGDIs during other match periods.

�.11.� How to define foul play 
(Study III)

In general, referees (as experts in the laws 
of the game) may be the individuals best 
suited to determining the involvement of 
a foul in a contact injury. In the present 
thesis, the involvement of a foul was as-
sessed by the team physician and/or in-
jured player. However, referees’ decisions 
are affected by match circumstances and 
the time frame for decision-making is very 
narrow during matches. The team physi-
cian can base the post-match evaluation of 
the situation on several factors with more 
time, compared with the referee. The team 
physician can base his/her estimate on in-
cident description by the injured player, 
clinical examination of the injured player, 
discussion with other team staff, referees’ 
decision, his/her own vision of the inci-
dent and, in some cases, post-match video 
recordings. It might thus be easier for the 
team physician, in post-match conditions, 
to evaluate the involvement of a foul in 
specific contact situations.

�.11.� Should non-contact  
injuries have been excluded  
from Study III?

All foul play injuries were caused by play-
er-to-player contact, while all non-contact 
injuries did not involve a foul. This could 
be a possible source of bias: non-contact 
injuries might have distinguished non- 
foul play injuries from foul play injuries, 

due to differences between the risk fac-
tors for contact injuries and non-contact 
injuries. However, (despite the potential 
bias) we found that the incidences of foul 
play injuries and non-foul play injuries 
followed the same pattern with regard to 
variations between match periods and be-
tween drawing, losing and winning teams. 
This may suggest that non-contact injuries 
and contact injuries share similar under-
lying, and partly unknown, risk factors. 
In this case, it would thus appear to have 
been appropriate to include them in the 
same analysis.

�.11.� Limitations of  
video analysis

Despite the arguably high quality of both 
the injury report data and the video re-
cordings, the most important limitation 
of the video analysis methodology was 
the low percentage of injury identification 
(based on injury reports) on video record-
ings, which makes the interpretation of the 
results challenging, if not impossible. As 
discussed above, the reliable identification 
of injuries on video recordings appears to 
be a general limitation of video analysis 
methods in epidemiological football in-
jury studies. This limitation may be a con-
sequence of both the definitions applied in 
the video analysis methodologies and the 
injury-surveillance methodologies. Both 
these methodologies may contribute to  
the difficulties in identifying injuries on 
video recordings. Future studies, focusing 
on increasing the reliability of injury iden-
tification on video recordings, are there-
fore necessary.
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Match events, such as goals (changes in 
the score), injuries, red and yellow cards, as 
well as fouls, are associated with injury in-
cidence during men’s World Cup football. 
The variation in injury incidence during 
different match periods in football is sig-
nificant and this variation is partly related 
to these extrinsic factors. The injury inci-
dence is also different for teams currently 
drawing, losing or winning a match, with 
players in teams that lead a match running 
a higher risk of injuries compared with 
players in drawing or losing teams. The 
injury incidence in World Cup football 
is also different for different playing posi-
tions, with forwards running the greatest 
risk of suffering injuries. Players, coaches, 
referees and team personnel may benefit 
from taking precautions during the match 
conditions in which the risk of injury is 
high. Combining video analysis method-
ologies with data obtained through other 
sources may complement our knowledge 
of the epidemiology of football injuries, 
but the currently available methodolo-
gies require further development when it 
comes to analysing playing actions and 
match circumstances leading to injuries.

CONCLUSIONS

6
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The present thesis has focused on only 
one level of football. Whether the same 
phenomena apply in women’s football, in 
different age groups, in full-season league 
football and at lower levels of football re-
mains a question for future studies. More-
over, the underlying reasons for the phe-
nomena observed in Studies I-III remain 
unknown and constitute another interest-
ing and important subject for future re-
search. This type of research is also crucial 
when it comes to determining the extent 
of the injury-prevention potential associat-
ed with the findings in the present thesis.

Considering the findings in the pres-
ent thesis, coaches, players, referees and 
team medical personnel, participating 
in World Cup football, may profit from 
taking precautions during match periods 
identified in the present thesis as those in 
which the risk of injury is high, in order to 
prevent injuries during the match. How-

FUTURE 	
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ASSOCIATIONS
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ever, the different possible precautions, 
as well as their efficacy in terms of injury 
prevention, remain to be assessed by future 
research. Temporary expulsions for un-
sportsmanlike behaviour during football 
matches have been discussed. Based on the 
findings in Study II, testing temporary ex-
pulsions in football, as well as their effect 
on injury incidence, would be an interest-
ing topic for an epidemiological football 
injury study. Post-match sanctions, based 
on video material, on deliberate or violent 
offences could be another theoretical way 
to reduce injuries. Post-match sanctions 
are already in use, but they appear to be 
limited to the most reprehensible offences. 
Even though changes to the laws of the 
game may be difficult to implement, espe-
cially in popular sports with a long history, 
there are some encouraging examples when 
changes of this kind have been successful. 
Encouraging football associations, teams, 
players and teams’ medical personnel to 
engage in injury prevention, as well as in 
research on the epidemiology of football 
injuries, are probably crucial components 
of success.

In general, both previous research and 
the findings in this thesis demonstrate that 
the role of team management (especially 
coaches) in injury prevention is crucial. It is 
encouraging that most clubs playing at top 
level are engaged to some extent in injury 
prevention. As stated in the introduction, 
improving internal communication within 
clubs is a challenge that will require efforts 

from different levels of team staff, in order 
to engage all levels in injury prevention. 
Improving the communication between 
the medical staff and team management 
may be especially important from an in-
jury-prevention perspective. Considering 
the possible differences in the epidemiol-
ogy of football injuries between genders, as 
well as different age groups, skill levels and 
playing positions, it appears possible that 
injury-prevention measures should be tar-
geted according to the specific population 
of interest. These differences remain largely 
unknown and future research should assess 
them in order to identify the most efficient 
strategies for the group of interest. 

The methodologies used in Studies I-
III are new, when it comes to combining 
data from different sources, and the results 
suggest that future research may benefit 
from including match statistics data in 
studies of the epidemiology of football 
injuries. The quality and coverage of both 
match statistics and injury data have expe-
rienced substantial improvements during 
the past few decades. This positive devel-
opment is likely to continue and could 
result in future studies with intriguing 
new research questions. Although video 
analysis can add to our knowledge of the 
epidemiology of injuries in football, Study 
IV showed the need for the further devel-
opment of the existing methods. Despite 
the existence of a variety of available and 
previously described methodologies, they 
all appear to share similar limitations. 
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