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ABSTRACT

The aim of the present study was to assess prospectively the
effect of pre-season fitness on injury rate during the competi-
tive season among professional soccer players. Thirty-one play-
ers participated in the study during two consecutive competi-
tive seasons (2015-16 and 2016-17; a squad of 22 players in
each season). During the 6-week pre-season training period (8
training sessions and a friendly match every week, 14-18 train-
ing hours/week) there was a significant improvement in VO,
max, a significantincrease in ideal and total sprint time and no
change in vertical jump, flexibility and repeated sprint-test
performance decrement. During the two consecutive seasons,
28 injuries were recorded. Ten injuries were classified as mild
(missing 3-7 days of practice/match), 8 as moderate (missing
8-28 days) and 10 as severe (missing >28 days). The rate of
match injuries was higher (9.4 per 1000 match hours) com-
pared to practice injuries (4.7 per 1000 training hours). Most
injuries were overuse injuries (72 %) of the lower limbs (71 %).
Most of match injuries occurred during the last 15 min of each
half. There were no differences in fitness characteristics in the
beginning of pre-season training between injured and non-
injured players. However, improvements in VO, max during the
pre-season training period were significantly lower among in-
jured players (0.9 £5.5 %) compared to non-injured players
(10.4£6.5%, p<0.05). Our results emphasize the importance
of pre-season training in professional soccer players not only
forimprovement in fitness but also for injury prevention during
the following competitive season.

ACCESS I

Introduction

Professional soccer is a complex intermittent contact sport that
demands enhanced aerobic and anaerobic skills and involves a rel-
ative high risk of injuries [21, 22]. In recent years, the game is played
faster and became more physical and aggressive demanding in-
tense training and high physical fitness levels [1]. The majority of
professional soccer players sustain at least one injury causing lay-
off from practice or match each season, and the vast majority of in-
juries are located in the lower extremities [40]. Soccer injuries are
known to be associated with the player's age, exercise load (dura-
tion, intensity and frequency of practice and particularly matches),

professional level, and training standard [8, 14, 19, 26]. The sensi-
tivity of elite players to frequent injuries may affect the player's and
team’s potential to acquire skills and maximize performance [27].
Therefore, medical and coaching staff continuously seek approach-
es to assist players and teams to compete at the highest level and
reach their maximum capabilities while simultaneously avoiding
exposure-related injuries [26].

The diagnoses and classifications of soccer injuries differamong
studies, making the comparison of results among professional soc-
cer players difficult [33]. Previous studies defined injury and time
loss from activity ranging from missing at least one day of activity
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to at least one week [8, 26, 32], or the next match or training ses-
sion [32]. Other studies divided soccer-related injuries to practice
versus match injuries and to contact compared to overuse injuries
[32]. Surprisingly, however, despite the significance of soccer-as-
sociated injuries for the team's success, little knowledge exists
aboutinjury-related risk factors in elite soccer players [12] and only
a few prospective soccer injury studies have been conducted
[19,25].

Pre-season soccer training aims to prepare the players mental-
ly and physically for the rest of the season [35]. This period is char-
acterized by the greatestincrease in fitness level, but this improve-
ment may not be sufficient to handle the intensity and stress asso-
ciated with competitive soccer, leading to higher risk of injuries
[26]. Therefore, the aim of the present study was to prospectively
assess the relationship between pre-season fitness level (i. e., flex-
ibility, speed, explosive power, aerobic capacity) and injury rates
among professional soccer players. We hypothesized that lower
pre-season fitness components would be associated with a higher
injury rate throughout the competitive season.

Materials and Methods

Participants

Thirty-one players, members of a single Israeli professional soccer
team, participated in the study (height: 179.4+ 6.5 cm, weight:
76.1+7.5kg, percent body fat: 14.0£3.0%) during two consecu-
tive competitive seasons 2015-16 and 2016-17 (a squad of 22
players in each season). The players were informed of the experi-
mental procedures and requirements before signing an informed
consent. All procedures were conducted in accordance with the
standards of the Institutional Ethical Committee. The study meets
the ethical standards of the journal [20]. Standard, calibrated scales
and stadiometers were used to determine body weight and height.
Skinfold measurements at four sites (triceps, biceps, subscapular,
and supra-iliac) were taken by an experienced technician.

Pre-season training period

During the 6-week preseason training period, participants trained
six days a week, including friendly matches. The physical training
programs included mainly aerobic and mixed aerobic-anaerobic
type activities with and without the ball as well as speed, strength,
stretching and coordination training. In addition, training involved
technical drills and team tactics and included a weekly friendly
match. Each training session lasted 1.5-2h and overall 14-18h a

»Table 1 A typical schedule of pre-season weekly training.

week. Training volume and intensity was increased gradually over
the weeks in an attempt to avoid overtraining or injuries among
the participants. » Table 1 describes a typical weekly training pro-
gram during the six-week pre-season period. Training as well as
match volume and intensity were recorded using GPS data (K-sport,
Torriana, Italy).

Testing procedures

Participants performed two similar sets of tests before and after
the six-week pre-season training period (> Fig. 1). The first set of
tests was conducted on two non-consecutive days during the week
prior to the beginning of the training program. The second set of
tests was conducted under the same conditions during the week
following completion of the training program. Both sets of tests
were performed using the same procedures, at the same time of
the day, under the same environmental conditions, and by the
same examiner. Participants were familiar with the testing proce-
dures because they performed them in previous years. Before each
set of tests, participants performed a standard warm-up that in-
cluded 8 min of jogging, followed by 10 min of stretching exercise
and two 30-m submaximal runs (at approximately 80-90 % of max-
imal sprint speed). A 30-min period separated the different tests
on each day. Testing selection was based on the movement type
and fitness components applicable for soccer and is consistent with
other reports studying fitness of soccer players (e. g.[35]). A high
test-retest reliability (0.80-0.95) of the tests used in the present
study was previously described [35].

On the first day of each testing set, participants performed the
following three tests.

Vertical jump power test

Jump height was measured by a maximum vertical jump using a
countermovement jump (CM]) technique, with hands on the hips.
Participants began in an erect standing position and moved into a
semi-squat position before jumping as high as possible. The flight
time, measured by an Optojump (Optojump, Microgate, Bolzano,
Italy), was used to calculate the change in the height of the body's
center of gravity. Three trials were given and the highest jump
achieved was recorded.

Sit and reach flexibility testing

Participants sat with their legs extended on the floor. Feet were
placed against a box with a yardstick attached to it. Participants
placed their hands one on top of the other, slowly extended them
forward, and then held them at the maximum stretch point for 3s.

Week day 1 2 3 4 5 6 7
Morning 15% WU 15% WU 15% WU Rest
(1.5-2 h) 35%TT 35%TT 35%TT

35%PT/TT 35%PT|TT 35%PT|TT

15% CD 15% CD 15% CD
Evening 15% WU 15% WU 15% WU 15% WU 15% WU FM Rest
(1.5-2 h) 70% PT 35%TT 70% PT 35%TT 70% PT

15% CD 35%PT|TT 15% CD 35%PT|TT 15% CD

15% CD 15% CD

WU: warm-up; TT: technical training; PT: physical training; CD: cool-down; FM: friendly match.
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< Injury recording >

Pre-season Competitive season
8 weeks 40 weeks
Vertical jump power test

Sit and reach flexibility testing
Aerobic power (VO, max) test
Repeated sprint tests

»Fig. 1 Experimental design.

The distance reached on the yardstick was recorded. Three at-
tempts were made and the longest distance on the yardstick was
recorded.

Aerobic power (VO, max) test

An incremental maximal running test on a motor-driven treadmill
(Woodway, PPS MED, Weil am Rhein, Germany) was performed to
determine maximal aerobic power (VO, max). Although VO, max
testis not soccer-specific, it is considered a reliable and frequently
used measure of aerobic fitness, and therefore was used in the pre-
sent study. All the participants were experienced in running on a
treadmill. Before the beginning of the test, each participant per-
formed a 5-min familiarization run at 8-8.5 km/hr. For the actual
test, the initial conditions of the treadmill were set at zero grade
with a speed of 9 km/hr. Speed was increased by 1km/hr every min
until the fourth stage. From this point on, the grade was increased
by 2 % every min while the speed was kept constant until volitional
exhaustion occurred. The test was considered maximal when oxy-
gen consumption reached plateau and did not increase with in-
creased exercise intensity. Expired air was collected and analyzed
breath-by-breath using an automated on-line system (Sensor Med-
ics, Vmax29, Yorba Linda, CA, USA). The flow and gas concentra-
tion sensors of the system were calibrated prior to each test, ac-
cording to the manufacturer’s instructions.

On the second day the participants performed the following
test.

Repeated sprint tests

The RST protocol included a 6 30 m maximal run starting every
30s. Each participant performed a 30 m maximal sprint on a sepa-
rate day before the performance of the RSTs. The time of the max-
imal sprint was used as a criterion score for the upcoming RSTs. In
the first sprint of each RST, participants were required to achieve
at least 95 % of their criterion score. If 95 % of the criterion score
was not achieved, the participant was required to restart the RST.
Accordingly, the participants were instructed and encouraged by
the coaches and investigators to produce maximal effort during
each sprint and to avoid pacing themselves. All subjects met the
required criterion (95 % of maximal speed in the first sprint) and no
one had to restart the test.

During the RST, a photoelectric cell timing system (Alge-Timing
Electronic, Vienna, Austria) with an accuracy of 0.001 s, linked to a
digital chronoscope, was used to record each sprint and each rest

interval time. Two sets of timing gates were used, working in op-
posite directions, to allow the subjects to start the next run from
the end point of the preceding sprint, thus eliminating the need to
hurry back to a common starting point. A standing start, with the
front foot placed 30 cm behind the timing lights, was used for all
sprints. Timing was initiated when the subject broke the light beam.
An experimenter was placed at each end of the track to provide ver-
bal encouragement to each subject during each sprint.

The three measures for each RST were the ideal 30-m run time
(1S), the total run time (TS) of the 6 sprints, and the performance
decrement (PD) during the test. IS was calculated as the fastest
30-m sprint time multiplied by 6. TS was calculated as the sum of
all sprint times. PD was used as an indication of fatigue and was cal-
culated as [(TS/IS) X 100] - 100. The test-retest reliability of run-
ning RST is 0.942 for TS and 0.75 for PD [4, 34].

Injury recording

The study covers 720 h of training for each player in each season
(11 months, 6 practices/week, ~2.5 h/practice). Thus, all together
the study covers ~32,000 h of practice. In addition, during the first
season the team played 43 official matches (including regular
league, playoffs and cup matches) and during the second season
41 official matches. All together this adds up to 1,386 match hours
(84 matches of 1.5h X 11 players).

Allinjuries were recorded by the medical staff of the team. Inju-
ries were classified using the UEFA criteria for injury severity [18]:
minimal (misses 1-3 days), mild (misses 4-7 days), moderate
(misses 8-28 days), severe (misses over 28 days). Only mild, mod-
erate and severe injuries were recorded. Injuries were subdivided
by the site of injury (lower limbs, upper limbs, back and head trau-
ma, etc.) as well as by contact/traumatic versus overuse injuries
and practice versus match injuries. Match injuries were subdivided
by the timing of injury during the match (first versus second half
with each half divided into three 15-min sections).

Statistical analysis

Atwo-way repeated-measures ANOVA was used to compare fitness
changes during the pre-season training period. Unpaired t-tests
were used to compare pre-season fitness level and changes in fit-
ness characteristics during the pre-season training period between
injured and non-injured players. A Cohen’s d-effect size (ES) was
also performed to demonstrate the magnitude of training effect in
each group. Data are presented as mean = SD. Significance level was
set at p<0.05 with Bonferroni correction for multiple comparisons.
A Cohen’s d<0.30 was considered a low effect, .30-.70 a moder-
ate effect, and >0.70 a strong effect.

Results

Pre-season training

GPS assessment of training intensity indicated an average total
training distance of 62.49 (m/min), an average metabolic power
of 5.68 (W/Kg), a total sprint distance of 1.74 (m/min), and num-
ber of sprints 0.21 (sprints/min). Changes in fitness characteristics
during the pre-season training period are summarized in » Table 2.
There was a significant improvement in VO, max and a significant
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increase in ideal sprint time and total sprint time. There were no
significant differences in vertical jump, flexibility and RST perfor-
mance decrement. GPS assessment of match intensity indicated a
total match distance of 91.54 (m/min), an average metabolic power
of 8.48 (W/Kg), a total sprint distance of 5.62 (m/min), and num-
ber of sprints 0.53 (sprints/min).

Injury recording

During the two consecutive seasons 28, injuries were recorded.
Nine players had a single injury and 8 players multiple injuries. Ten
injuries were classified as mild (missing 3-7 days of practice/
match), 8 as moderate (missing 8—-28 days of practice/match) and
10 as severe (missing >28 days of practice/match). The majority
of injuries (71 %) were in the lower limbs (6 hamstring, 7 knee, 3
ankle, 2 gastrocnemius, 2 quadriceps). Eleven injuries occurred in
defenders and 10 in midfield players. Eight injuries were traumat-
ic/contactinjuries (28 %) and 20 were overuse injuries (72 %). None
of the injuries were fractures. Thirteen injuries occurred during
matches (46 %) and 15 during practice (54 %). Most match injuries
occurred during the final 15 min of the first half or second half
(8/13).

Relationship between pre-season fitness and injuries

Differences in pre-season fitness characteristics between injured
and non-injured players, as well as changes in fitness characteris-
tics during the pre-season training period in the injured and non-
injured players are summarized in » Table 3 and » Fig. 2. Relative
improvements in VO, max were significantly lower in the injured
players compared to the non-injured players.

»Table 2 Changes in fitness characteristics following the pre-season train-
ing (* p<0.05).

Pre-season training
Fitness characteristics Pre Post
VO, max (ml/min/kg) 53.8%3.0 56.6£2.9*
Vertical jump (cm) 38.2+£2.6 37.5+£25
Flexibility (cm) 48.8+4.3 49.2+3.6
Ideal sprint time (sec) 22.98+1.01 23.79+0.58 *
Total sprint time (sec) 23.61+0.99 24.30+£0.62 "
RST Performance 2.8+0.9 2.2+0.6
decrement (%)

Discussion

Soccer injuries and particularly injuries of key players may reduce
team performance. However, the relative effect of injuries on team
performance is not easy to determine because injured players are
substituted by either bench players from the same team or by new
players from other clubs. This suggests that soccer injuries clearly
involve a financial burden and that teams with greater resources
may cope better with soccer injuries [2]. In the present study, we
determined the effect of pre-season fitness on injury rate during
two consecutive competitive seasons among professional soccer
players. The rate of match injuries was higher compared to prac-
tice injuries, with most match injuries occurring during the final
stages of each half. Most injuries were overuse injuries of the lower
limbs. The main finding of the study was that although there were
no differences in initial fitness characteristics (in the beginning of
pre-season training) between injured and non-injured players, im-
provements in VO, max during the pre-season training period were
significantly lower among injured players compared to non-injured
players. Because, as mentioned earlier, factors like the player's age,
fitness level, training load and professional level may all affect a soc-
cer player's injury risk, substantiating a direct causality between
pre-season VO, max changes and injury risk is challenging. How-
ever, the results may emphasize the importance of the pre-season
period training in professional soccer players not only forimprove-

20

fu R

Vo, Y| IS TS Flexibililty
(ml/min/kg) (cm) (sec) (sec) (cm)

[ I Noinjury [] Injury

% Change
(%)

»Fig. 2 Percent change in fitness characteristics following pre-
season training among injured and non-injured players (VJ: vertical
jumps; IS: ideal sprint time; TS: total sprint time; * p<0.05).

»Table 3 Changes in fitness characteristics among injured and non-injured players (* p<0.05 for between group differences).

Fitness characteristics Injured (n=17) Non-injured (n=14)
Pre Post Effect Pre Post Effect size
size

VO, max (ml/min/kg) 58.1+2.3 58.3+3.4 0.16 54.7+3.2 60.2£3.3* 0.99
Vertical jump (cm) 39.4+2.6 38.5+2.8 0.25 36.8+3.9 36.5£3.5 0.12
Flexibility (cm) 51.8+4.9 51.8+4.2 0.10 45.6+5.7 46.5+4.7 0.04
Ideal sprint time (sec) 23.0£1.5 24.0£0.8 0.63 229+1.4 23.6+0.7 0.44
Total sprint time (sec) 23.7+1.2 24.5+0.8 0.51 23.5%1.5 24.1+0.8 0.32
RST Performance decrement (%) 3.2+1.5 2.2+0.9 0.51 2.4+0.8 2.2+0.6 0.33
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ment in fitness characteristics but also for injury prevention during
the following competitive season.

Pre-season training in the present study was associated with a
significant improvement in VO, max. This is consistent with previ-
ous reports indicating that pre-season training and particularly
time spent at high intensity was associated with positive effects on
aerobic fitness, whereas exposure time in terms of accumulated
training, match and combined training and match time showed
conflicting results [24]. Because the pre-season training empha-
sized mainly aerobic features and was associated with high train-
ing volume combined with high-intensity interval training, it is not
surprising that other fitness characteristics like the vertical jump
did notimprove, and there was even a small but significant increase
in ideal and total sprint time. This could also be explained by a fa-
tigue effect because we performed the post-training tests imme-
diately at the end of training without allowing for a sufficient recov-
ery time for the players [23, 30]. Studies examining anaerobic fit-
ness changes during the pre-season training period demonstrated
inconsistent results. Whereas some studies reported significant
improvement in speed, power and agility performance [10, 28],
others failed to find such improvement [29, 36]. The inconsistency
in these studies may result from differences in the training pro-
grams and the population studied (professional compared to semi-
professional adult or youth players).

The total match injury incidence in the present study was 9.4
per 1,000 match hours and the total practice injury incidence was
4.7 per 1,000 training hours. This is consistent with previous re-
ports indicating that the risk for injury was higher during matches
than during training [38] and that more severe injuries occur dur-
ing matches [31]. It was shown that the injury rate during compe-
tition ranged from 8.7 injuries to 65.9 injuries per 1,000 h of expo-
sure, and injury incidence during practice ranged from 1.4 injuries
to 5.8 injuries per 1,000 h of exposure. Several potential causes may
explain the higher rate of match injuries, including higher game in-
tensity, greater aggressiveness compared to training, and willing-
ness of the players to take more risks during matches. Consistent
with that, GPS data from the present study indicates that the total
distance covered by the players is about 50 % higher during match-
es compared to average training, and that the number of sprints
doubled, and the total sprint distance tripled during matches.

As previously described [27, 39], lower limbs and particularly
the upper leg (mainly the hamstring) was the most frequently re-
ported injury, followed by the knee and the ankle. The most com-
mon injury types were strains and sprains [21], and there were no
fractures. In contrast to previous reports demonstrating that over-
use injuries accounted for 27 % to 33 % of the injury incidence [32],
72 % of injuries in the present study were overuse injuries. This is
important because different risk factors and mechanisms lead to
traumatic and overuse injuries [37]. The main causes of overuse in-
juries are repetitive stress without sufficient recovery time [5] sug-
gesting that monitoring variations of practice and match intensi-
ties as well as implementing appropriate recovery is essential in
soccer players. Another possible cause for the higher rate of over-
use injuries was the relatively higher incidence of re-injuries in the
present study (47 % of the players) because the cause of re-injuries
is mainly overuse (9-30 % of all injuries were reported as re-injuries
[7,19,39], and 63 % of those were overuse injuries [39]). On aver-

age, a professional soccer player experiences one activity-limiting
injury per season [26]. Previously injured soccer players had a 4 to
7 times greater risk for subsequent injury [3]. Thus, injury incidence
probability rises throughout a player’s career, possibly leading to
an increased injury rate in professional players [32]. Moreover, oc-
currence of minimal and mild injuries should not be ignored be-
cause they may predispose soccer players to re-injury, new injuries,
and possibly more severe injuries [21]. Inadequate rehabilitation
from prior injury, a high level of team pressure for premature re-
turn to play, or a player’s eagerness for early return to play prior to
complete recovery (and inaccurate reporting to the team coaching
and medical staff) are possible risk factors for re-injuries among
soccer players that may lead to longer absences than with new in-
juries. This indicates the need for controlled rehabilitation process-
es using functional objective measures before return to participa-
tion in team practice and matches as well as improvement in coach-
es and players education aiming to reduce the risk of re-injury in
professional soccer [16, 17].

The injury incidence during soccer matches is influenced by the
playing position and occurs mainly among midfielders followed by
defenders [7,9]. In the present study the majority of injuries oc-
curred also in midfield and defensive players but was equally dis-
tributed. In addition, and consistent with our results, injury inci-
dence increases toward the end of each half of the match probably
due to increased fatigue as the game progresses [13]. Moreover,
players tend not to stop playing immediately after sustaining inju-
ries during the match, and sometimes try to continue and play until
the half time break in order to receive longer medical treatment
and come back to play. This may lead to worsening of their initial
injury severity [13].

A demanding match schedule and reduced recovery time be-
tween matches also leads to an increase in injury incidence [11]. A
recovery time of 72 to 96 h between two matches was sufficient to
maintain physical performance level but was not enough to main-
tain a low injury rate. In addition, playing in too many matches,
which may happen in successful teams playing in the regular league
and different cups, nationally and internationally, or in players who
also play for their national teams can lead to overtraining, physical
and mental burnout, and reduced motivation and, as a result, to a
greater risk of injury [15]. However, a demanding, intense match
schedule did not play a role in the incidence of injuries in the pre-
sent study.

Another possible risk factor for injuries is a possible imbalance
between the training intensity perceived by the coaching team and
by the players. It was previously shown that youth players (under
19) reported a higher intensity and training load than the coach-
ing staff’s intention [6]. This issue is of importance in team sports
due to the discrepancy among players fitness level. As a result, sim-
ilar training sessions may lead to permanent overload in some play-
ers and expose them to higher injury risk, emphasizing the need
for better supervised and individualized inspection of the team
training program. Possible differences in training perception be-
tween the players and the coaching team were not analyzed in the
present study. Finally, inability of players to receive proper rest be-
tween two competitive seasons may also increase the injury risk
such as may occur in players participating in their continent cham-
pionships, World Cup, Champions league, European league or other
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tournaments [15]. This, however, was not the case in the present
study because players received proper active rest prior to the first
season and between the two seasons, and there was no difference
in the injury rate between the two seasons.

The effect of pre-season fitness on injury rates.

To the best of our knowledge, this is the first report on the ef-
fect of pre-season fitness level and the rate of soccer injuries in the
subsequent competitive season. Le Gall et al. [27] demonstrated
that injuries peaked during the first few months of the soccer sea-
son in youth soccer players and suggested that pre-season condi-
tioning of professional soccer players was not associated with a suf-
ficient improvement in fitness to handle the intensity and stress
associated with playing competitive soccer. In the present study,
injury incidence was not higher in specific parts of the season. The
fitness characteristics that we evaluated in the present study were
power (using vertical jump test), flexibility (using the sit and reach
test), speed (using repeated sprint test) and aerobic capacity (using
the VO, max test). In contrast to our hypothesis, we did not find
differences in fitness characteristics at the beginning of pre-season
training between injured and non-injured players. However, the
improvement in VO, max during the pre-season training period was
significantly lower among injured compared to non-injured play-
ers. Changes in other fitness characteristics (speed, power, flexibil-
ity) were not associated with higher injury rate. These results em-
phasize the importance of the pre-season training period not only
for the necessary fitness enhancement needed to compete at a high
level during the demanding soccer season but also for injury pre-
vention during the following competitive season among profes-
sional soccer players. Itis possible that only the changes in VO, max
(and not other measured fitness components) were associated with
injury rates because pre-season soccer training focuses on and is
known to improve mainly aerobic fitness characteristics [24],
whereas the effect of pre-season training on speed, power and agil-
ity performance has demonstrated conflicting results [10, 29].

However, one limitation of the present study is that we followed
asingle competitive soccer team (a squad of 22 players in each sea-
son, all together 31 players). Including additional teams (different
training methods, loads, etc.) could reveal that other fitness char-
acteristics (like speed, explosive power and flexibility) may also af-
fectinjury rate.

In summary, the present prospective study demonstrated that
an inappropriate pre-season training period as indicated by lower
improvement in aerobic fitness was associated with a higher inci-
dence of players’ injuries throughout the competitive soccer sea-
son. This suggests a possible role for high-quality pre-season soc-
cer training not only for shaping physical fitness, but also (among
other factors) for injury prevention.
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