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Epidemiology of injuries among Italian footballers:
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the role of the playing field
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ABSTRACT

Background Football has a higher injury rate compared
with other team sports such as rugby, in terms of two
main categories: intrinsic (individual) and extrinsic
(environmental) factors. The playing field is an extrinsic
risk factor which has been poorly investigated in the
literature.

Purpose The aim of our study was to define the
incidence and risk factors of injuries in a cohort of
footballers comparing the role of three different types of
playing field (hard court, natural grass or synthetic grass).
Study design This was a cross sectional prevalence
study.

Methods The population comprised footballers
recruited by a convenience sample; the instrument used
for the survey was an anonymous self-administered
questionnaire.

Results 267 football players were enrolled (average
age 23.4+4.8 years), of whom 33.7% (n=90/267)
played on hard court, 33.0% (n=88/267) on natural
grass and 33.3% (n=89/267) on synthetic grass. The
overall incidence of injury was 40.1 (95% Cl 34.1 to
46.8) x1000 person-years of training, with higher values
for ankle and knee injuries. Ankle injuries (aOR 0.4;
P=0.021) were associated with playing on natural grass
as a protective factor, while playing on natural grass
seemed to be a risk factor for muscular injuries (aOR 2.3;
P=0.026).

Conclusion Our study showed a high lifetime
prevalence of injury among footballers (57%), in
particular among athletes who play and train on a

hard court. We have studied a topic poorly investigated
previously and provide the opportunity to understand
interventions to increase the capacity of stakeholders in
preventing injuries.

INTRODUCTION

Football is the most popular sport worldwide.
The International Federation of Football Associa-
tions (FIFA) estimates that the number of football
athletes worldwide is close to 270 million, of whom
approximately 62 000 000 live in Europe and 5 000
000 live in Italy.!

Football is a complex contact sport that can
influence conditional capacities: running, sprinting,
jumping and kicking are important performance
components, requiring maximal strength and
anaerobic power of the neuromuscular system.?
The high intensity of football activities is related
to the risk of injury in professional, amateur and
youth players during training sessions and matches.
Athletes often play faster and, depending on the

importance of the game, more aggressively than in
the past, requiring elevated physical fitness levels
and more intensive training (predominantly at the
professional level).*

Football has a higher injury rate compared with
other team sports, such as rugby, basketball or
American football,’ © and 1000 times higher rate
than certain high risk professions, such as those
who work in construction and manufacturing.’
Several surveys have estimated that the incidence
of injury in adult male soccer players range from 2
to 8 per 1000 training hours and from 10 to 35 per
1000 match hours.®’

The cost of injuries is important for clubs: it is
estimated that an average of 37 days are lost for
injuries in a 300 day season’; the cost of injuries is
important from a socioeconomic point of view, with
healthcare cost exceeding 30 billion US$ world-
wide.'® ! In this perspective, FIFA and its Medical
Assessment and Research Centre (F-MARC) devel-
oped injury prevention programme, such as the ‘11
and ‘FIFA 11+ in an effort to reduce the incidence
of injuries.'*™"

In the past 20 years, two large international
surveillance systems have been activated to analyse
injury risk, incidence and exposure specific to foot-
ball. One of these systems was organised by FIFA
in 1998. The other is the Union of European Foot-
ball Associations' (UEFA) Champions League Injury
Study, (commonly UEFA injury study) that began in
2001 and has involved between 27 and 33 Euro-
pean soccer teams from 10 different countries for
a period of 11 seasons.!” Data from these surveil-
lance systems showed that football injuries vary
widely but many authors agree that the majority
of injuries affect the lower extremities (60-90%),
including the upper leg, knee and ankle, with lower
frequencies for the head and neck (15%), trunk
(8%) and upper extremities (7%).% *2° 2! The most
commonly diagnosed injuries are contusions (55%),
sprains (15%) and strains (10%), and most (80%)
occur from contact with another player; 45-50% of
contact injuries result from foul play.®® 202

Injury risk factors are classified into two main
categories: intrinsic (individual) and extrinsic
(environmental) factors. Examples of intrinsic risk
factors are gender, player age, previous injury,
strength, flexibility and anatomical alignments,
whereas extrinsic risk factors comprise level of
competitions, weather condition, playing surface,
standards of training, etc.?> **

Among the intrinsic risks, increased injury inci-
dence has been reported with increasing age among
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Table 1 Years of football activity, militancy in the current team” and years of play in the current category by type of playing field

Variable Hard court Natural grass Synthetic grass Total Test P value

Football activity (years) 13.3+4.8 14.1+4.4 14.3+5.0 14.3+5.0 F=4.4 0.014
(5.0-30.0) (6.0-26.0) (2.0-30.0) (2.0-30.0)

Militancy in the current team (years) 2.4+2.3 2.3+2.0 2.0+2.0 2.2+2.1 k=2.3 0.309
(1.0-12.0) (1.0-13.0) (1.0-12.0) (1.0-13.0)

Play in the current category (yrs) 23+2.2 2.7£2.4 1.8+1.6 2.3£2.1 k=6.5 0.039
(1.0-12.0) (1.0-10.0) (1.0-10.0) (1.0-12.0)

Values are mean=SD (range).

football players.”' ** 2 A higher incidence of knee injuries among
women athletes compared with male athletes has been noted.?’
A history of previous injury was shown to be a significant risk
factor for ankle sprains,”® and several studies indicated muscle
strength or imbalance as a risk factor for overuse leg injury.** **

Among the extrinsic risks, many researches have suggested
that residual fatigue can impact on injury rates significantly.”” *°
Other studies showed that injury incidence is greater during
competitions than in training sessions.”* Moreover, prelim-
inary findings indicated that clubs from the northern parts of
Europe have a higher incidence of injury compared with clubs
from southern countries, and hence the weather may also be an
important discriminant of risk.? !

The playing field is an example of an extrinsic risk factor that
has been poor investigated in the literature and the few existing
studies show that artificial turf may be associated with a greater
risk of injury, especially to the lower limbs.** According to FIFA,
matches may be played on natural or artificial surfaces, but in
most parts of the world, including Italy, football can also be
played on a dirt field.*

The aim of our study was to define the incidence and risk
factors of injuries in a cohort of amateur footballers playing in
Puglia (south of Italy, around 4 000 000 inhabitants and 47 767
football players associated with the regional official football
federation®*) and evaluate the risks of playing on three different
types of playing field (hard court, natural grass or synthetic
grass).

METHODS

This was a cross sectional prevalence study. The study popula-
tion comprised 267 male footballers recruited by a convenience
sample in 12 official football clubs (affiliated to the Italian Foot-
ball Federation (FIGC)) in the Puglia region.

The survey was authorised by the chiefs of the enrolled clubs.
The recruited clubs participated in the championships of excel-
lence, promotion, first and second categories (regional and inter-
regional championships of FIGC). Athletes were interviewed
during the training sessions at the start of the annual activities
(August/September 2017). The official Italian schedule for these
teams involved 25/30 matches every year (around 1 per week)
from October to May.

The instrument used for the survey was an anonymous self-
administered questionnaire. The questionnaire was built by the
authors after a review of the literature on the topic and has been
validated in a restricted group of athletes before the start of the
study. The questionnaire included information on:

Club

Age

Years of football practice

Years of enrollment in the current team and in the current
category

vVvyyvyy

» History of injury (yes/no) and number of episodes:
— knee
- hip
— ankle
— spinal column
- muscle
— other nature injury

The typology of the playing field (hard court, natural grass or
synthetic grass) was attributed to each questionnaire regarding
the club (the information was reported by the chief of the club at
the start of the survey). Compiled questionnaires were inputted
into a database created by Google Drive software and data anal-
ysis was performed by Microsoft Office Excel and STATA SE14
software. Continuous variables are described as mean+SD and
range, and categorical variables as proportions. To calculate the
person-years incidence rate, years of practising football was used
to calculate the denominator; 95% CI were calculated for inci-
dence rates.

The incidence rate ratio (IRR) of the injuries was calcu-
lated by considering as 'unexposed' those athletes who play on
natural grass and 'exposed' as those who play on hard court
and synthetic grass; 95% CI were calculated for IRR values and
the % test was performed. To calculate the incidence, only the
first accident in the same body area was considered as an acci-
dent case. For continuous variables, the normality analysis was
performed and, where consistent, a normalisation model was set
using the logarithmic function. Normalised continuous variables
were compared by one-way ANOVA with Bonferroni correc-
tion (parametric); non-normalised continuous variables were
compared by the Kruskall-Wallis test (non-parametric). Categor-
ical variables were compared by the chi-square test and Fisher's
exact test. For each of the following outcomes:

injury

knee injury

hip injury

ankle injury

spine injury

muscle injury

injury of other nature
multivariate logistic analysis, association with type of playing
field (hard court, natural grass or synthetic grass), age, years of
football practice, years of militancy in current team and years of
play in current category, were evaluated.

The adjusted OR (aOR) values were calculated, with 95% CI,
and the test z score. For all tests, significance was set at P<0.05.

VYVVYVYYVYY

RESULTS

A total of 267 football players were enrolled, of whom 33.7%
(n=90/267) played on hard court, 33.0% (n=88/267) on natural
grass and 33.3% (n=89/267) on synthetic grass.
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IRR hard court (exposed group) vs. natural grass (unexposed group) = 1.22 (95%Cl = 0.81 - 1.84,; p = 0.163)
IRR synthetic grass (exposed group) vs. natural grass (unexposed group) = 0.98 (95%Cl = 0.64 - 1.45; p = 0.450)

Figure 1

Mean age of the enrolled sample was 23.4+4.8 years (range
17.0-45.0 years) without no statistically significant differences
between types of playing field (hard court, 23.2+4.6 years;
natural grass, 23.2+4.6 vyears; synthetic grass, 23.8%5.4;
k=0.4; P=0.809). The enrolled subjects had played football for
14.3%5.0 years (range 2.0-30.0 years). Time in the current team
was 2.2+2.1 years (range 1.0-13.0 years) and in the current
category 2.3+2.1 years (range 1.0-12.0 years).

One-way ANOVA analysis showed a statistically signifi-
cant difference in average time of football practice by type of
playing field (F=4.4; P=0.014). In particular, the Bonferroni
correction showed that the length of time of football practice
was less among those who played on hard compared with those
who played on synthetic grass (t=0.3; P=0.011). There were no
statistically significant differences in the average time of playing
in the current team by type of playing field (k=2.3, P=0.309),
while there was a statistically significant difference in the average

Incidence of injury x1000 person-years of training, by type of playing field. IRR, incidence rate ratio.

time of playing in the current category, with the synthetic grass
group showing a smaller value (k=6.5, P=0.039) (table 1).

A total of 153 of 267 respondents (57.3%) reported at least
one injury due to the football activity, and the overall incidence
rate of injury was 40.1 (95% CI 34.1 to 46.8) X 1000 person-
years of training (figure 1).

The IRR among those who played on hard court (exposed
group) and those who played on natural grass (unexposed
group) was 1.22 (95% CI 0.81 to 1.84, P=0.163), and IRR
among those who played on synthetic grass (exposed group) and
those who played on natural grass (unexposed group) was 0.98
(95% CI 0.64 to 1.45; P=0.450).

A total of 73 of 267 footballers interviewed (27.3%) reported
at least 1 knee injury due to football activity, 11/267 (4.1%)
reported at least 1 hip injury, 59/267 (22.1%) reported at least
1 ankle injury, 6/267 (2.3%) reported at least 1 spinal injury,
39/267 (14.6%) reported at least 1 muscular injury and 27/267

Table 2
of the playing ground

Incidence rate of injury x1000 person-years of training, per single injury site (knee, hip, ankle, spine, muscle injury or other) and typology

Hard court

Natural grass

Synthetic grass

Incidence rate x

Incidence rate x

Incidence rate x

Site of injury 1000 95% Cl 1000 95% Cl 1000 95% Cl
Knee 20.9 13.6 t0 30.7 16.9 10.5t025.7 19.5 12910283
Hip 5.0 1.81010.9 2.4 05t07.0 1.4 0.2t05.2
Ankle 21.7 143t031.7 10.5 5.6t017.8 14.5 8.91022.2
Spine 25 05t07.3 0.0 0.0t03.0 2.2 041t06.3
Muscular injury 9.2 4.61016.4 15.3 9.21023.8 6.5 3.0t012.3
Other 9.2 4.6t016.4 5.6 23t011.6 6.5 3.0t012.3
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Table 3 Incidence rate ratio among athletes playing on hard court
(exposed group) and those playing on synthetic grass (exposed group)
and those playing on natural grass (unexposed group), for single type
of injury

Synthetic grass — Natural

Hard court — Natural grass grass

Site of injury IRR  95% CI Pvalues IRR  95%Cl P values
Knee 124 06610232 0.239 116 0.63t02.15 0.312
Hip 209 04410128 0.159 0.60 0.05t05.23 0.304
Ankle 209 1.03t04.41 0.014 138 0.65t03.02 0.184
Spine* - - - - - -
Muscular injury 0.60 0.26t0 1.33  0.091 043 0.17t00.99 0.016
Other 163 058t04.97 0.159 1.16  0.38t03.65 0.392

*Not computable for presence of value 0.
IRR, incidence rate ratio.

(10.190) reported at least 1 accident of another nature; table 2
describes the incidence of injuries X 1000 person-years of
training, for a single injury site (knee, hip, ankle, spine, muscle
injury or injury of other nature) and typology of the playing
ground.

Table 3 describes the IRR for athletes who played on hard
court (exposed group) and those who played on synthetic grass
(exposed group), per type of injury.

Table 4 describes the mean number of injuries per injury
site. For muscular injuries, the average number was different
for different playing fields (F=4.0; P=0.026), and Bonferroni
correction showed a statistically significant difference between
hard court and synthetic grass (t=0.6; P=0.032).

Multivariate logistic regression analysis showed a statisti-
cally significant association between occurrence of injuries and
years of football practice (aOR 1.1; 95% CI 1.1 to 1.2; z=2.0;
P=0.045) and years of playing in the current category (aOR 1.2;
95% CI 1.0 to 1.4; z=2.2; P=0.027). Ankle injuries (yes/no)
were associated with playing on natural grass (aOR 0.4; 95%
CI 0.2-0.95 z=2.3; P=0.021) and time of playing in the current
category (aOR 1.2595% CI 1.1 to 1.4; z=2.2; P=0.031).

Finally, muscular injuries (yes/no) were associated with playing
on natural grass (aOR 2.3;95% CI 1.1 to 4.9; z=2.2; P=0.026),
time of football practice (limits of statistical significance: aOR
1.1; 95% CI=0.9 to 1.2; z=1.9; P=0.054) and years of play in
the current category (limits of statistical significance: aOR 1.2;
95% CI 0.9 to 1.4; z=1.9; P=0.053).

DISCUSSION

Our study showed a high rate of life time injuries among foot-
ball athletes (57%); the incidence of injuries was 40x1000
person-years of training with a higher value among footballers
who trained and played on hard court (47x1000) compared
with thosed who trained and played on natural or synthetic
grass (381000 and 37x1000, respectively). The knee was the
anatomical area with the highest prevalence of injury (27%),
followed by the ankle (22%). The high frequency of injuries to
the lower limb is consistent with the motor skills of this sport>:
high speed running, sprint running, dribbling and kicking the
ball.

Muscle injury were also very common (15%); despite not
having differentiated the anatomical sites, in the literature they
are reported as thigh muscle strains, with the most common
being the adductors, hamstrings and quadriceps.*® The preva-
lence of muscle injury seemed to be lower in our sample than in
elite players: a Brazilian study in 2018%” analysed the injuries of
elite players in two main divisions (A1 and A2) of the Sao Paulo
Football Championship, estimating that overall, muscle injuries
reached 36-43% of all accidents. A 2016 study®® focused on
injuries in footballers during the 2015 America Cup, concluding
that muscle and tendon injuries were the most frequent. This
difference could be due to the different composition of the
sample (elite groups in the cited studies, regional/inter-regional
categories in our study). It is probably related to the differences
in the training programmes; among elite players, the intensity
of the workouts is higher and the number of weekly games is
greater.

Our data are consistent with the literature that reported the
frequency of quadricep and hamstring strains, anterior cruciate
ligament ruptures and ankle syndesmosis injuries in soccer.® Colli-
sion with another player, and tackling and running without contact
are the common mechanisms of injury. Some authors® * reported
that about half of the traumas are caused by contact, and the other
half involved no body contact. Even the characteristics of the type
of playing ground can be responsible for the onset of sports injuries.
Numerous injuries have been attributed to playing on hard court
or artificial turf.** More recently, newer generations of artificial
turf have been developed to duplicate the playing characteristics
of natural grass. Potential mechanisms for differing injury patterns
on more rigid surfaces (hard court, synthetic grass) compared with
the softer ones (natural grass) include increased peak torque and
rotational stiffness properties of shoe—surface interfaces, decreased
impact attenuation properties of surfaces, differing foot loading
patterns and detrimental physiological responses.

Table 4 Number of injuries per site of injury and typology of the playing ground

Site of injury Hard court Natural grass Synthetic grass Total Test P value

Knee 1.2+0.7 1.3£0.5 1.3£0.6 1.3£0.6 k=0.5 0.764
(1.0-4.0) (1.0-2.0) (1.0-3.0) (1.0-4.0)

Hip 1.0+0.0 1.0+0.0 1.0+0.0 1.0+0.0 k=0.0 1.000
(1.0-1.0) (1.0-1.0) (1.0-1.0) (1.0-1.0)

Ankle 1.5+£0.9 1.5+0.7 1.1£0.3 1.4+0.3 k=3.3 0.195
(1.0-5.0) (1.0-3.0) (1.0-2.0) (1.0-5.0)

Spine 0.03+0.18 0.0 0.03+0.18 1.0+0.0 k=0.0 1.000
(0.0-1.0) (0.0-1.0) (1.0-1.0)

Muscular injury 2413 1.6+0.9 1.2+0.4 1.7£1.0 F=4.0 0.026
(1.0-5.0) (1.0-4.0) (1.0-2.0) (1.0-5.0)

Other 1.3+0.6 1.3+0.5 1.1+0.3 1.2+0.5 k=0.3 0.850
(1.0-3.0) (1.0-2.0) (1.0-2.0) (1.0-3.0)

Values are mean+SD (range).
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The IRRs among subjects who played on hard court and
synthetic grass (exposed group) and those who played on natural
grass (unexposed group) were >1 (P>0.05), and hence athletes
who play on these types of playing field seem to be more at risk
of injuries compared with those who play on natural grass. For
all analysed areas, the incidence rate of injury was higher in foot-
ballers playing on hard court, except for muscular injuries, for
which we found a higher incidence rate in subjects who played
on natural grass.

Playing on hard court seemed to be a risk factor for ankle inju-
ries (IRR 2.1; P=0.04), while playing on natural grass seemed
to be a risk factor for muscular injuries (IRR 0.4: P=0.016);
this last evidence was confirmed in the regression model in
which muscular injuries seemed to be associated with playing on
natural grass (aOR 2.3; P=0.026) although we found a greater
average number of individual muscle injuries in subjects who
played on hard court that in those who played on natural grass
(P=0.032). Furthermore, playing on natural grass seemed to be
a protective factor for ankle injuries (aOR 0.4; P=0.021) and,
overall, injuries seemed to be associated with a greater number
of years of practice.

As already specified, we found very few papers in the scien-
tific literature on this issue. A 2011 review"' showed similar
incidence rates of injuries in footballers who play on artificial
turf and those who play on natural grass; in particular, there
was an increased risk of ankle injury playing on artificial turf
(IRR 0.7-5.2) and beneficial inference of an artificial surface on
muscle injuries. Both studies are consistent with our results.

A 2017 Japanese study* investigated 400 soccer players
surveyed for 12 year after conversion of the field from soil to
artificial turf, showing that there was a significant increase in the
incidence of upper extremity trauma and a significant decline in
the incidence of lower extremity muscle strain; this is consistent
with our observation. To our knowledge, there are no studies
showing the impact of hard court on the epidemiology of inju-
ries in football players.

The strength of our study is the balanced sample, the inves-
tigation time (14 years) and having dealt with a topic that has
been poorly studied in the literature. In particular, previous
studies focused only on elite footballers that often play and
train on natural grass; the choice of investigating athletes
from regional and inter-regional categories allowed analysis
of the role of the playing surface. The major limitation of the
study is that we did not investigate the characteristics of the
injuries (ie, severity, type of trauma (acute/chronic), recovery
time, period (training/season match), number of training/
match per week, phase of the season, etc). Also, the design of
the study did not involve the use of medical records, and the
accuracy of self-reported diagnosis is a concern. In addition,
we did not investigate the individual characteristics of the
soccer players (anthropometric data, previous injuries, nutri-
tional programme) and if the athlete was subjected to specific
training for the prevention of injuries. Furthermore, we did
not evaluate the incidence of injuries for specific role of play
(goalkeeper, defender, midfielder, etc) or if the injury occurred
on the home field or on the field of the away team (that could
be different than the training/home field). Finally, we did not
evaluate the cost associated with injuries and the status of the
court (new or recently restructured vs old court). In the future
the study should be repeated recruiting more football players
and investigating the critical issues described above.

The most important recipients of our results are the sports
federations that have responsibility for deciding rules about
sports fields. These rules must be periodically reviewed based

Original article

on the results of scientific studies on the effects of playing
fields on sport performance and the safety of athletes. If the
results of our study are confirmed in other surveys, the foot-
ball federation have to consider revising the rule for accredi-
tation of the court, avoiding the use of hard courts for clubs
who train several days a week, for example. Also, clubs must
pay attention to this topic, in particular because often the same
playing field is used for sport initiation courses, and the theme
of prevention of injuries is crucial for athletes and cadets. We
believe that our study can influence the practical choices of
clubs regarding a reduction in injury risk; knowledge of the
characteristics of the playing field can direct clubs towards
rational management of their athletes in order to optimise their
performance for the achievement of seasonal sports objectives.

What is known about this subject

» Several studies have identified the epidemiology of injuries
in sports and in football and have identified intrinsic and
extrinsic risk factors

What this study adds to existing knowledge

» Very few studies have analysed the role of different types of
training/competition playing fields as a risk factor for injuries
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