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Abstract

Purpose Few studies include data from different consecutive seasons to assess specific trends in injury risk over time. The
current study aimed to investigate the presence and risk factors of injuries in professional football (soccer) players during
four consecutive seasons.

Methods 166 professional football players in a Greek team were observed during four consecutive seasons, 2015/16 to
2018/19. Injuries were assessed and multiple regression analysis was used to evaluate the potential risk factors.

Results The prevalence of injured players was high (72.3%), with a mean number of 2.3 injuries per injured player, and the
injury incidence was 86 injuries/1000 match-playing-exposure hours. The mean rehabilitation days were 29.0/injured player
(95% CI 22.2-35.9) and 12.7/injury (95% CI 9.1-16.3). The majority of injuries were moderate-to-major/severe and most
were traumatic rather than overuse (p < 0.05). The number of injuries was positively correlated with seasonal rotation from
2015/16 to 2018/19 (stand. beta=0.123, p=0.016), matches played (stand. beta=0.203, p <0.001), recurrence of injury
(stand. beta=0.527, p <0.001) and days of rehabilitation (stand. beta=0.372, p <0.001).

Conclusion High prevalence of injuries was found while the increase of match-playing exposure hours, the frequency of
official matches per week, the recurrence of injury, and the rehabilitation days were the main predicted risk factors. To reduce
the risk of injuries, continuous efforts are required such as player rotation during the season.

Keywords Football - Injury prevalence - Risk factors - Clinical incidence

Introduction

Soccer is among the most popular complex sporting activi-
ties, characterized by short-duration and high-intensity
motor tasks [1-3]. Both the considerable physical demands
and the contact intensity between players account for the
high injury incidence in soccer [1]. ACL injuries can be
caused through contact (collision with another player) or
non-contact mechanisms; the latter result from pivoting and
cutting movements, landing after jumping, pressing, kicking,
and heading [4-6]. Soccer injuries are the most significant
problem for professional players, accounting for 10-35 inju-
ries per 1000 match-playing hours [7-9]. As the lower limb
is the most commonly affected, ankle sprains (1/3rd) and
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for 54% of ankle sprains; however, the 39% that occurred
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on prevention strategies [12]. In a previous study [13], the
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injury rate was higher during matches than in training ses-
sions. Current knowledge on football injuries indicates that
the prevalence rate of injuries on professional football play-
ers is 15%, which means that for a 25-player team, approxi-
mately 4 players are not available to participate in every
training session and/or in official matches [14]. Ninety-two
percent of the muscle injuries occurred in the major muscle
groups of the lower extremities (hamstrings being involved
in 37%, adductors in 23%, quadriceps in 17%, and calf mus-
cles in 13%) [15, 16] and on average every player sustains
0.6 muscle injuries per season.

Furthermore, soccer injuries are associated with a play-
er’s age, height, dominant kicking leg, playing position, and
match-exposure playing time [17]. Exercise load (duration,
intensity, and frequency of practice) strength, flexibility,
injury recurrence, days of rehabilitation, as well as poor
running performance are also suggested injury risk factors
[15-19]. Woods and colleagues [20] showed that defend-
ers sustained 15% more hamstrings strains than forwards,
whereas in another study carried out by Dadebo and col-
leagues [21], the forwards’ hamstring strains exceeded
10%. A survey in 306 male football players from the top 2
divisions in Iceland during one season showed that age and
previous injuries were the leading injury risk factors among
elite soccer players [22].

Since many studies on injury risk and injury patterns
in professional soccer players are of short duration (single
season or during tournaments), only a few papers include
data for more than three consecutive seasons and, therefore,
little is known about the variation of injury profile among
them [15]. The Greek professional Super League lacks con-
tinuous multiannual data to track the evolution of specific
trends over time or screen for areas of concern and form an

Fig. 1 Player participation in
four consecutive seasons. Arcs
show the common players
among seasons, e.g. 63 players
participated in one season in the
team, 25 players in two, 11 in

three and 5 in four seasons N =1 66
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injury-prevention hypothesis for further investigation. No
published studies to date have investigated the injury inci-
dence, injury risk factors, and profiles among elite football
players in Greece over a longer length of time.

Thus, the current study aimed to provide an updated esti-
mate of the prevalence and potential risk factors of inju-
ries in elite professional football players competing in the
domestic National Greek League/Cup and European league
matches over four consecutive seasons’ appraisal.

Materials and methods
Participants

The present observational study derived data on players’
injuries from a Greek professional soccer team during
four consecutive seasons in the top National League divi-
sion (Super League) 2015/16 (n=38), 2016/17 (n=41),
2017/18 (n=44) and 2018/19 (n=43) (Fig. 1). These play-
ers were: (a) part of the pre-season preparation list (from
June to August each season), (b) players who joined the team
at a later stage of the season due to transition, transfer, or
loan, especially during the Christmas break (December to
January), (c) active players in official or friendly matches, or
(d) already registered for the official games of the domestic
Greek National League, the National Cup, and the Euro-
pean Leagues (Champions League qualifications or UEFA
Europa League groups) [23]. In total, data of 166 players
were retrieved during the four seasons with n =62 were par-
ticipated in the team for more than one season (multiple par-
ticipations) as well as n=104 only one (stable sample size of
players) (Fig. 1). All participants who met the above criteria

total players m players per season

n=38

2018/19
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during the four consecutive seasons (2015/16-2018/19) were
categorized as uninjured or injured. Five recruited players
participated in all 4 seasons; 63 joined the study for a single
season, while 25 players participated for two and 11 for three
seasons (Fig. 1). The institutional ethics board approved the
study, while each player gave written informed consent at the
beginning of each season. Moreover, detailed information on
this research is available in an earlier report [23].

Measurements and records

At the beginning of each season (2015/16, 2016/17,2017/18,
and 2018/19), each individual’s weight was measured on a
calibrated digital scale with an accuracy of 0.1 kg (Seca 861,
Seca, Hamburg, Germany), while their height was measured
to the nearest 0.5 cm on a wall-mounted stadiometer (Seca
225, Seca, Hamburg, Germany). For those who participated
in more than one season, average weight and age were cal-
culated. The player’s nationality, position on the field, and
minutes of active play were also recorded.

The team medical staff (physiotherapist and orthopedist)
recorded all types of injuries that kept players as time-loss
from training or match play. These players were considered
injured until the physician’s consent for full participation in
pre-game training and matches. Injuries were categorized
according to severity [24], based on the number of absence
days, as minimal (1-3 days), minor (4-7 days), moderate
(8-28 days), and major/severe injury (over 28 days) [23].
All injuries were monitored until the completion of the reha-
bilitation course.

Injury definitions and data collection procedures were
consistent with the Fédération Internationale de Football
Association (FIFA) Medical Assessment and Research Cen-
tre (F-MARC) injury guidelines for soccer and were applied
in the same manner as that used by Reis and colleagues
[24, 25]. The anatomic sites of injury were determined as
head/neck, upper limbs, trunk, and lower limbs, while the
type of injury was classified as fracture/bone stress, joint
(non-bone)/ligament, muscle/tendon, contusion, laceration/
skin injury, central/peripheral nervous system, and other
[24]. The team physician, aided by medical imaging, made
all diagnoses. According to the mechanism, every injury
classified as traumatic resulted from a specific and identifi-
able event by acute onset or overuse injury. Musculoskeletal
pain syndrome characterized every case of insidious onset
without any known trauma that might have given previous
symptoms [7, 24].

Statistical analysis
The analysis was performed through SPSS software (IBM

SPSS Statistics for Windows, version 25.0. Armonk, NY:
IBM Corp.). Frequency distributions of injury indices

and the players’ descriptive characteristics were initially
evaluated. Comparisons between uninjured/injured players
were based on chi-square (;(2), binomial, Student’s ¢, and
Mann—Whitney tests. Injury prevalence, the 95% confi-
dence intervals (95% CI), along with the rates of clinical
incidence (the ratio of the sum of injuries per total number
of players or, alternatively, the risk of injury for each player
at the beginning of the season), as well their 95% Cls were
calculated according to the suggestions of Knowles and col-
leagues [26].

The injury incidence (injuries per 1000 match-playing
exposure hours) and the corresponding 95% Cls were also
assessed [19]. The mean rehabilitation days per injured
player and the mean days per injury were also estimated
by standardizing the relevant indices due to differentiation
among players and their injuries between seasons. Hierarchi-
cal modeling based on multiple linear regression analysis
of potential risk factors on the number of injuries (from O
to 7) in 166 uninjured and injured players was also applied.
Descriptive characteristics such as age, height, player’s
position, preferred kicking leg, nationality, matches played,
injury recurrence, and days of rehabilitation were used as
predictive factors in both models.

Results

The characteristics of the 166 soccer players for the four
consecutive seasons (2015/16-2018/19) are presented
in Table 1. Among those, 72.3% (n=120) were injured
and 27.7% (n=46) were not (p <0.001), with no signifi-
cant differences in relation to age, height, weight or BMI
(p>0.05). 39.8% were Greek, presenting the lowest percent-
age of injured compared to non-injured players (36.7% vs.
47.8%, p=0.002). The majority (45.2%) of all players were
midfielders, 62.7% with right kicking leg. The mean time
of active match-playing in all of the competitions (Greek
National League, Champions League, UEFA League, and
Greek Cup matches) was 1346 min; this was significantly
higher in injured players (1472 vs. 971 min, p=0.014),
who also played in more matches (20.6 vs. 13.6 matches,
p=0.005).

The injury profile of the 120 injured players is shown in
Table 2. 35.3% of these players had a single injury while
10.0% sustained five to seven injuries. The total number
of all injuries was 276, with a mean of 2.3 injuries/injured
player (95% CI 2.0-2.6) and a median of 2.0 injuries/injured
player (95% CI 2.0-3.0). The injury incidence was 86 per
1000 match-playing-exposure hours, with a clinical inci-
dence of 1.66 injuries for all players. The sum of days spent
in rehabilitation was 3486, while the mean number of rehab-
days/injured players was 29.0 (95% CI 22.2-35.9). The mean
of rehab-days/injury was 12.7 (95% CI 9.1-16.3) while the
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Table 1 Characteristics of 166

. Players p value
Greek team football players in
the four consecutive seasons Total Uninjured Injured
(2015/16-2018/19)
Mean + stand. dev
Players, number (%) 166 46 (27.7) 120 (72.3) <0.001
Age, years 245+4.4 23.5+4.3 249+43 0.072
Height, m 1.82+£0.07 1.83+0.07 1.82+0.07 0.817
Weight, kg 75.5+6.8 74.7+£54 75.8+7.3 0.338
Body Mass Index, kg m™2 227714 224+1.0 228+1.5 0.103
Nationality/Region
Greece 66 (39.8)* 22 (47.8) 44 (36.7) 0.002
Europe 50 (30.1) 10 (21.7) 40 (33.3)
Latin America 24 (14.5) 5(10.9) 19 (15.8)
Africa 21 (12.6) 4 (8.7) 17 (14.2)
Asia 5@.0) 5(10.9) -
Position
Goalkeeper 18 (10.8) 7(15.2) 11 (9.2) 0.304
Defender 29 (17.5) 6(13.0) 23 (19.2)
Wingback 26 (15.7) 6(13.0) 20 (16.7)
Midfielder 75 (45.2) 19 (41.3) 56 (46.7)
Forward 18 (10.8) 8(17.4) 10 (8.3)
Kicking leg
Both 18 (10.8) 6(13.0) 12 (10.0) 0.772
Right 104 (62.7) 27 (58.7) 77 (64.2)
Left 44 (26.5) 13 (28.3) 31(25.8)
Minutes playing 1,346 [1206]° 971 [825] 1,472 [1461] 0.014
Matches played 18.8 [19.01° 13.6 [10.5] 20.6 [24.0] 0.005

Players include all players at the beginning of each season and/or the transfers during each season. Bino-
mial, Student #, y* and Mann-Whitney methods were performed

Values are: *n (%), "mean [median]

median was 7.4 (95% CI 5.5-9.3). Severity classification
showed that 67.5% of the injured sustained moderate-to-
major/severe injuries.

Table 3 illustrates the distribution of 276 injuries in 120
football players. One hundred and six players (88.3%) sus-
tained lower limb injuries. The most commonly injured
sites were the joints (non-bone)/ligaments (n =50 players;
41.7%) and the muscles/tendons (n=96; 80.0%). Among
the injured, 80.8% (n=97) suffered direct trauma and 19.2%
had overuse injuries. Early relapse was recorded in 26.7%
(n=32 players). The most common site was again the lower
limb: 223 injuries (80.8%), including 185 (67.0%) muscle/
tendon injuries. The prevalence of traumatic injuries was
significantly higher (69.9%; 95% CI 64.5-75.3) than that
of overuse (25.0%; 95% CI 19.9-30.1) or recurrent injuries
(30.4%; 95% CI 25.0-35.8) concerning early/late-onset.

Finally, Table 4 presents the hierarchical modeling
of multiple linear regression in two models of differ-
ent potential risk factors on the number of injuries (0-7)
in 166 players. In the first model, the higher injury num-
ber seems to relate to the defenders’ position compared to

@ Springer

counterparts (stand. beta=0.250, p=0.019) or those playing
as wingbacks compared to counterparts (stand. beta=0.323,
p=0.019). The higher number of injuries seems to be
related to the higher number of matches played (stand.
beta=0.332, p <0.001). In the second model, relationships
appear to change as the higher number of injuries seems to
be related with the season, from 2015/16 to 2018/19 (stand.
beta=0.123, p=0.016), the higher number of the matches
played (stand. beta=0.203, p <0.001), injury recurrence
(stand. beta=10.527, p <0.001) and a higher number of reha-
bilitation days (stand. beta=0.372, p <0.001).

Discussion

The present study investigated the presence and risk factors
of injuries in professional football (soccer) players compet-
ing in National Greek League and European matches. The
study’s main finding was the high prevalence of injuries in
professional players (about two-thirds of the total, mainly
defenders) of a particular Greek soccer team for over four
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Table 2 Profile of 120 injured football players

n % 95% Cls

Players

Injured 120 72.3 65.1,78.7
Injuries

One 43 35.8 27.7,44.7

Two 40 333 25.4,42.1

Three 13 10.8 6.2,17.3

Four 12 10.0 56,163

Five to seven 12 10.0 5.6,16.3

Sum of injuries 276

Mean number 2.3 2.0,2.6

Median number 2.0 2.0,3.0
Injury incidence

Rate? 86 69, 106
Clinical incidence

Rate® 1.66 1.59, 1.73
Rehabilitation

Sum of days 3486

Mean days per injured player 29.0 222,359

Median days per injured player 17.0 11.0,21.0

Mean days per injury 12.7 9.1,16.3

Median days per injury 7.4 5.5,9.3
Severity of injuries

Minimal (1-3 days) 18 15.0 9.5,22.2

Minor (4-7 days) 21 17.5 11.5,25.0

Moderate (8-28 days) 42 35.0 26.9, 43.8

Major to severe (28 4 days) 39 325 24.6,41.2

95% Cls were estimated based on bootstrap techniques with the
exception of clinical incidence (rate) where they were estimated
according to Knowles and colleagues [26]

*Injuries per 1000 match-playing-exposure hours

®Injuries per total number of the players (sum of injuries: 166)

years (2015/16-2018/19). Another important finding was the
high injury incidence: 86 per 1000 match-playing-exposure
hours and, finally, the positive correlation of the number of
injuries with season change, game-playing-exposure time,
high frequency of official matches in different competitions
per week, injury recurrence, and rehabilitation days.

The high prevalence of injured soccer players (72.3%)
reported in the present study reports over these 4 years
matches that in previously published works, ranging from
65 t0 95% [14, 27].

Concerning the lower extremity as the most injured part
of the body, the findings of the present study are consistent
with those in the literature [7, 15, 28, 29]. The majority
of injuries (88.3%) for all 166 players of the present study
affected the lower extremities, in agreement with other stud-
ies that have reported similar results (83.5-95%) [22, 29].
In the present study, joint/ligament injuries were the second

most frequent, representing 41.7% of the total. These results
based on Greek soccer league players align with those on
European professionals [15, 28, 30].

The overall incidence of injuries observed during matches
in the present study (86/1000 match-playing exposure hours)
was greater than that reported by the Union Of European
Football Association (UEFA) teams (mean of 27.5/1000 h)
[15] or other epidemiological studies as they have dem-
onstrated a frequency range between 13 and 40.3 inju-
ries/1000 h [22, 31, 32]. As higher competition standards in
more expressive and competitive championships set higher
physical requirements, this may be amongst the reasons for
higher injury incidence [33]. It should be noted that the play-
ers in the present study had played in domestic and Euro-
pean games for four consecutive years, meaning that they
participated in demanding competitions alongside the short
game-rotation schedule required for the club to effectively
fulfill its competitive obligations.

As previously mentioned, the soccer club in this study
joined the European competitions (from the mid-July UEFA
Champions League or Europa League group qualification
games) and the domestic competitions, such as the Greek
Super League and Cup, almost simultaneously, for four
consecutive seasons, resulting in a higher density of match-
play per season and shorter summer breaks. Considering that
many international competitions are usually held during the
summer, all the above together result in the accumulation of
fatigue, which could influence the injury incidence.

The clinical incidence of 1.66 injuries for all 120 players
of the present study was in agreement with other studies
reporting a high injury incidence in soccer; between 65 and
82% of players will sustain at least two injuries per season
on average [15, 22].

The mean number of days lost from soccer participation
in moderate-to major/severe injuries was 67.5% per injured
player. This result differs from previous studies, where most
injuries were classified as a minimal or minor injury, result-
ing in less than 3 days’ absence from sports activities [7, 32].
In English professional players, moderate injuries (8—28 days
of absence) were more common [9, 15]. The higher inci-
dence of injuries revealed by the present study may be attrib-
uted to the constant physical performance requirements for
each match and to the club’s heavily congested competition
schedule. The more competitive the game, like the European
ones, the greater the speed of movement and body contact;
these all increase the likelihood of injury. Eirale et al. [34]
observed a strong correlation between injury incidence and
higher league ranking, increased number of games won,
higher goal-scoring, broader goal difference, and the total
number of points earned in a season. The injury incidence
(86/1000 playing-exposure hours) in the present study was
also much higher than the 26.2-30.5/1000 reported in previ-
ous studies [7, 15, 29].
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Table 3 Distribution of 276

O A Players Injuries
injuries of 120 injured football
players n % 95% Cls n % 95% Cls
Location
Neck, head 6 5.8 2.6,11.1 7 2.5 1.8,6.6
Upper limbs 6 5.0 2.1,10.0 6 2.2 0.7,4.3
Trunk 24 20.0 13.6,27.8 26 9.4 6.0, 12.8
Lower limbs 106 88.3 81.7,93.2 223 80.8 76.2, 85.5
Type*
Fracture/bone stress 10 8.3 44,143 11 4.0 1.7,6.3
Joint (non-bone)/ligament 50 41.7 33.1, 50.6 67 24.3 19.2,29.4
Muscle/tendon 96 80.0 72.2,86.4 185 67.0 61.5,72.6
Central/peripheral nervous system 2 1.7 03,52 2 0.7 0.1, 1.7
Other® 14 117 6.8, 18.3 18 6.5 3.6,9.4
Mechanism
Traumatic 97 80.8 73.6,87.9 193 69.9 64.5,75.3
Overuse 52 433 344,522 69 25.0 19.9, 30.1
Recurrence
Recurrent 48 40.0 31.2,48.8 84 30.4 25.0,35.8
Early 32 26.7 18.8, 34.6 56 20.3 15.5,24.9
Late 24 20.0 12.8,27.2 28 10.1 6.6, 13.7
95% CIs

#Type also contains infrequent “concussions” and “laceration/skin injury”

“Other” includes cases of “common cold-flu” (location categorized as “neck, head”)

Any difference in the risk of injury between our team’s
players and other professional footballers from different
European leagues could be related to the level of difficulty
concerning the requirements of each competition, the grad-
ing infrastructure and the particular features of each league
category, the international ranking of each national league,
the anthropometric data (e.g., weight and height), as well
as the skills/ability of players in avoiding injuries [7, 29].
Fixture schedule congestion leads to increased injury inci-
dence [35]. In the Greek soccer Cup tournament, for exam-
ple, numerous matches have to be played during the first five
qualifying rounds up to the 16th round, not including the last
four up to the final.

The mean number of days lost due to injury was 12.7.
Major-to-severe injuries accounted for 32.5% of all injuries,
which is inconsistent with the results reported from Danish
(12%) and Swedish leagues (9%). This discrepancy could be
attributed to the training or playing level, or the frequency
of matches played per week. In terms of injury type, mus-
cle/trauma accounted for 80% and joint injuries for 41.7%
of injuries. These were the top two injury types, similar to
those reported by Salces and colleagues [32]. Concerning
the body area, 88.3% of injuries occurred in the lower limbs,
in full accordance with the same study.

Assessing the injury mechanism, 80.8% of players
experienced traumatic injuries due to a recognizable event,
and 43.3% due to overuse. Indeed, most studies agree that

@ Springer

the majority of soccer injuries are caused by traumatic
mechanisms [32].

Limitations and strengths of the study

One of the limitations of the present study was the absence
of training session load including the match load record-
ings, meaning that additional information was lacking,
particularly the load-fatigue relationships necessary for
estimating the optimal ratio for each player. This last is
of great importance in predicting the risk of injury; thus,
we strongly recommend its use for future research. This
study also recorded the official match-exposure minutes
playing in a Greek professional soccer team, not the exact
time in training hours per player, ruling out the possibility
of determining the injury incidence per training-exposure
time. What players were doing in between the leagues
can have impact on the injuries happened during national
league. Whether they were playing any other league or not,
or doing training.

This study assesses the type and frequency of injuries,
noting the consequences on the team’s overall perfor-
mance. It also suggests that these findings can be used to
predict injuries and reduce their effects, benefiting players’
rapid recovery.
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Table 4_ HieFarchical merling Risk factors Number of injuries (0-7)
of multiple linear regression
analysis of risk factors on 1st Model 2nd Model
number of injuries in 166
football players from the four Beta Stand. beta ¢ p value Beta Stand. beta ¢ p value
;g’;;‘ji‘;t)‘ve seasons (2015/16- Age (years) 0.031  0.084 105 0297 —0017 —0.047  —0.85 0397
Height (m) 1.828  0.082 0.79 0430 0.583  0.026 0.37 0.711
Seasons —0.137 -0.095 -136 0.177 0.178 0.123 244 0.016
(2015/16 to 2018/19)
Position 1 1.047  0.250 236  0.019 0439 0.105 144 0.152
(defenders vs others)
Position 2 1414  0.323 238 0.019 0.258  0.059 0.63  0.533
(wingbacks vs others)
Position 3 0.550  0.172 1.07 0285 0.107 0.034 0.31  0.760
(midfielders vs others)
Position 4 0.134  0.026 024 0808 —0.175 -0.034 —-047 0.642
(forwards vs others)
Kicking leg 1 0.198  0.060 0.50 0.615 0.122  0.037 0.46  0.650
(right vs left and/or both)
Kicking leg 2 —-0426 -0.118 -099 0326 —0.516 —-0.143 —-1.75 0.082
(left vs right and/or both)
Nationality 0.269  0.083 098 0328 0.312  0.096 1.66  0.099
(other vs Greek)
Matches played 0.039  0.332 442  <0.001 0.024  0.203 392 <0.001
(total number of matches)
Recurrence of injury 1.853  0.527 9.55 <0.001
(yes vs no)
Days of rehabilitation 0.017  0.372 7.19  <0.001
(total days)
F(d.f) 6.6 (154) 22.6 (152)
p value <0.001 <0.001
Effect size (%) 24.9% 65.8%
Adjusted R? 0.196 0.629
Non-injured players have taken zero days of rehabilitation or “no” recurrence of injury
Conclusion Declarations

The current cohort study recorded and analyzed both the
injuries and their risk factors in 166 professional soccer play-
ers. Two-thirds of injuries were from moderate to severe, all
acute, involving the lower extremities. The number of inju-
ries was positively correlated with the change of the playing
seasons, the match-playing-exposure time, the frequency of
official matches in different competitions per week, injury
recurrence, and rehabilitation days. Reducing the risk of
injuries requires various interventions such as player rota-
tion during the season or the competitive and demanding
weeks for the in-season official matches.
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