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SUMMARY
Background/Purpose of the study. Hamstring injuries are the most prevalent muscle
injuries in both amateur and professional soccer (football) players. Eccentric strength
deficits and muscle strength imbalances have been associated with an increased risk
of muscle injuries. The current study is a non-randomised observational study investigating whether fatigue significantly reduces peak eccentric strength of the hamstring
muscle group.
Methods. Twenty-two right leg dominant professional football players participated in
this study. None were injured or were rehabilitating from an injury at the time of testing. The eccentric strength of the hamstring muscles was determined using the Nordic
exercise on a Norbord device prior to a 90 minute soccer match and after its end.
Results. There was a significant decrease in eccentric strength at the end of the match
(before the match: M = 306.91, SD = 59.26; after the match: mean = 277.77 ± SD =
60.35 p = .000, Cohen’s d = .50). The imbalance in eccentric hamstring muscle strength
between dominant and non-dominant limb before the match remained unchanged
after its end.
Conclusions. A professional football match significantly impacts on the ability of players to produce high speed eccentric strength in the hamstring muscle groups. Resistance to fatigue and eccentric strength, particularly at high speeds, are considerable
factors in conditioning of professional soccer players. Eccentric muscle strength
fatigue of the hamstring muscle group after a 90 min soccer match may provide a
possible explanation for the greater risk of hamstring injuries under fatigue conditions.
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BACKGROUND
Participation in a single football match leads to acute fatigue,
with a decline in physical performance over the following
hours and days. In elite professional soccer, players can play up
to 70 competitive matches per season. Hamstring injury (HI)
is the most prevalent injury in both amateur (1) and professional (2) soccer (football) players, with an increase in the
annual incidence of 2.4% between 2010 and 2014 (3). Modifiable HSI risk factors such as eccentric knee flexor weakness
(4) and muscle architecture, specifically biceps femoris fascicle
length (4), are potential focus areas for HI injury prevention
programs. A popular exercise choice for prevention of HI is
the Nordic hamstring exercise (NHE), as it can influence both
eccentric knee flexor strength and muscle architecture (4).
Though ranked in the top five injury prevention modalities,
compliance with the exercise is poor (5).
The adaptive response to eccentric strength training is multifactorial: it may include increases in motor unit discharge rate (6)
and changes in muscle architecture, including hypertrophy and
increase in fascicle length (7). The stimulus for hypertrophy is
governed by mechanical tension and intramuscular metabolic
stress (8), the degree of which may be influenced by the muscle
status at either the beginning or end of football activity.
Neuromuscular fatigue has central and peripheral origins.
Central fatigue, preponderant during long-duration low-intensity exercises, may involve a drop in the central command
(motor, cortex, motoneurons) elicited by the activity of cerebral neurotransmitters and muscular afferent fibers. Peripheral fatigue, associated with an impairment of the mechanisms from excitation to muscle contraction, may be induced
by a perturbation of the calcium ion movements, an accumulation of phosphate, and/or a decrease of the adenosine
triphosphate stores (8).
The present study examined the changes in eccentric strength
of the hamstring muscle group to ascertain whether the fatigue
induced by a 90 minute match by elite professional soccer
players influences two of the major risk factors for hamstring
injury, namely 1) eccentric strength of the hamstring muscle
group and 2) between limb imbalance in eccentric strength
of the hamstring muscle group (9). Therefore, the current
study tested the null hypothesis that a 90 minute match by
elite professional soccer players did not produce any changes
in the eccentric strength of the hamstring muscle group and
did not result in changes in between limb imbalance in eccentric strength of the hamstring muscle group.

MATERIALS AND METHODS
Twenty-two professional football players (Mean ± SD:
Age: 19.3 ± 2.9 year; Height 185.0 ± 8.7 cm; Body Mass
Muscles, Ligaments and Tendons Journal 2021;11 (2)

81.6 ± 6.7 kg) participated in this study. All players were
right dominant (defined as their preferred kicking leg).
Subjects were included in the study if they were not
injured or rehabilitating from an injury at the time of
testing. Ethics approval for the study was granted by our
University. Written informed consent was obtained from
each player or their legal guardian prior to data collection. Participants were blinded to the study hypothesis.
The study was carried out in accordance with the ethical standards of the journal (10) and with the Declaration of Helsinki, and was approved by our local Ethics
Committee.
The game was played in the second half of the competition season. The eccentric hamstring strength of players
was assessed using the NORDBORD (Vald Performance,
Queensland, Australia) device prior to the 90 minute soccer
match and immediately after it. Players were examined on
the field before performing a 90 min football match. The
Nordic board test was used to measure hamstring strength
based on the NHE. We used 2 NORDBORDS per each
team, and each athlete undertook a NORDIC exercise on
the NORDBORD. The 11 players in each team completed the testing procedure within 20 min before and after
the match.

Data analysis
The Shapiro-Wilk test confirmed that the data followed the
normal distribution. We tested whether the eccentric force
of the right and left hamstring muscle group in each player
changed before and after the match, using a paired sample
t-test and one sample t-test. Cohen’s d index was used to
estimate the intensity of the difference whenever that was
necessary. The statistical analysis was conducted by using
the statistical software SPSS 23.0.

RESULTS
There was a significant difference in the eccentric strength
of the hamstring muscle group before a match (M = 306.91,
SD = 59.26) compared to after the match (mean = 277.77
± SD = 60.35 p = .000, Cohen’s d = .50). The 95% confidence interval (24.00, 34.68) showed a decrease of 7.82%
to 11.30% from the pre-match eccentric force (M = 306.91)
of the athletes (figure 1). There was no statistical difference
between the mean value of hamstring imbalance between
the right and left hamstring (M = 1.49, SD = 8.96) and
zero value; t(21) = .777, p = .446. Also, the bootstrap 95%
confidence interval (- 2.18, 5.11) suggest that there is no
hamstring imbalance (figure 2).
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Figure 1. Eccentric strength before and after the exercise, 95% confidence intervals.

Figure 2. Hamstring testing imbalance (after the exercise), 95% confidence intervals.
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DISCUSSION
Soccer involves sprinting, changes in direction and running
speed, jumps and tackles, as well as technical actions such
as dribbling, shooting and passing. Fatigue may induce a
decline in performance. In soccer, fatigue occurs temporarily after short-term intense periods in both halves, towards
the end of the match, and persists after the match. Rampinini et al., for example, observed reductions in knee extensor
maximal voluntary activation and electromyographic activity and a decrease in knee extensor peak torque responses to
paired stimulations after a match (11).
Match-related fatigue results from a combination of central
and peripheral factors, involving mechanisms from the
central nervous system to the muscle cell itself and energy production. The present investigation showed a significant decrease in eccentric strength of both right and left
hamstring muscle groups after the game, with no change
in muscle imbalance detected between the left and right
hamstring muscle groups. Factors associated to an increased
risk of muscular strain injury include poor muscle strength,
particularly eccentric strength deficits, and ipsilateral muscle
strength imbalances (12). The temporal pattern of injury
during match play also suggests that fatigue is a factor in
injury causation, with 47% of match-play hamstring strains
incurred during the latter stages of each half (11). Soccer
is characterised by an irregular and intermittent activity
profile; this intermittent nature places great emphasis on
acceleration and deceleration phases of sprinting (13).
Fatigue has become a hot topic in football, and is regarded
as a complex and multi-factorial phenomenon (11). There is
growing interest as to how fatigue relates to recovery, player fitness and effort during matches. To avoid exhaustion
before the final whistle, players may adopt a pacing strategy that allows them to be involved in demanding and critical moments, even during the final stages of a match (14).
The regulation of self-chosen high intensity activity is also
an important product of training, as players need to learn
to adopt pacing strategies that will allow a high effort even
during the final stages, and whenever required of the match
situation (15). Fatigue during a soccer match has been associated with decreased eccentric hamstring strength, and this
may be related to increased hamstring injury risk: nearly half
of all hamstring injuries occur during the final 15 min of
each half. Therefore, it could be hypothesized that fatigue
during the later stages of a soccer match may increase the
predisposition to hamstring strain injury by negatively altering the biomechanics of sprinting in relation to muscle flexibility, muscle strength, or body mechanics (16).
There is a significant decrease in eccentric hamstring strength
during simulated soccer match-play (17). A complex neuroMuscles, Ligaments and Tendons Journal 2021;11 (2)

muscular coordination pattern is necessary during the
running cycle (18). Therefore, if the hamstrings are not able
to produce sufficient strength to decelerate the limb during
the latter part of the swing phase, eccentric overload could
cause tears at the musculotendinous unit (19). Hamstring
injuries are most frequently sustained at the end of matches
and training sessions (11). This would support the notion
that fatigue may be a predisposing factor for such injuries.
Any factor that adversely affects the appropriate running
pattern may result in injury. The dual innervation of the
biceps femoris may cause asynchrony, as poor coordination
may allow separate parts of the muscle to activate at different times. The observed decline in eccentric hamstrings
strength might be attributed to the greater contribution
of the hamstrings in controlling the intermittent running
profile (2). Additionally, as sprinting is a primary mechanism of injury, the frequency of speed changes places greater emphasis on the acceleration and deceleration phases of
the running cycle (20). The increased muscle contribution
from the biceps femoris in maintaining running mechanics during the intermittent protocol, in parallel with the
decrease in peak eccentric strength, may further increase
the risk of injury.
The test–retest reliability of the NORBORD device (4) is
high to moderate when NHE measurements were performed
bilaterally, but there is poor reliability during unilateral testing. Also, elite athletes with a unilateral history of hamstring
injury within the previous 12 months displayed significant
eccentric knee flexor weakness in their injured limb and
to the limbs of uninjured recreational athletes (21). In our
setting, the results obtained were valid and reliable.
Most biceps femoris injuries occur at the end of matches and
training sessions (2). Moreover, when soccer players become
fatigued during maximal sprinting (22), early activation of
the biceps femoris and semitendinosus muscles occurs
during the swing phase of the cycle (23). This recruitment
pattern may result from local muscle fatigue, and may be
causative of hamstring strains (24). In agreement, as fatigue
increases, so does biceps femoris activity during knee extension (concentric quadriceps contraction) movements in
recreational soccer players (24).
All these studies highlight a possible positive relationship
between fatigue and hamstring strains. Despite this plausible link, however, to our knowledge no study examines
these variables in elite athletes. However, in vitro animal
studies further support such hypothesis (15).The extensor
digitorum longus muscles from 48 rabbits were fatigued
to different levels of severity, then stretched to failure, and
compared with their non-fatigued contralateral controls.
Fatigued muscles are able to absorb less energy before
reaching the degree of stretch that causes injury, suggest321
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ing that fatigue is an important factor in the pathogenesis of
acute muscle strains (23). However, it should also be noted
that muscles were injured at the same length, regardless of
fatigue. Fatigued player may become more susceptible to
both muscular strain injury and impaired joint stability (22).
Coaching and medical staff need to ensure that players are
sufficiently warmed up before the start of the second half
of the match, and that their eccentric hamstrings strength is
well developed and resistant to fatigue.

Limitations
We are aware that this investigation included a relatively small
number of participants, and this would limit the generalizability of our findings. However, we point out that our study
included only elite professional players who were extremely
well trained, and that the index match occurred in mid-season.

CONCLUSIONS
Soccer specific fatigue can influence the eccentric strength of
the hamstring muscle group, and thus exert an influence of
the propensity of football players to injury to these muscles.
However, it does not exert any influence on the imbalance
of the hamstrings between the dominant and non-dominant
leg. These findings highlight not only the susceptibility of
eccentric hamstrings strength to fatigue but also the influence
imposed by movement speed. The present study confirms
previous findings (25) but was performed in real match play
conditions, and therefore is even more specific and valid.
Strength work is a fundamental component of the conditioning program in professional soccer. However, strength
and speed training tend to be addressed only when the players are well rested. Such practices may not provide the best
mode of intervention to prevent the increased injury incidence observed late in the game. Resistance to fatigue and
eccentric strength, particularly at high speeds, should be
given greater consideration in conditioning for soccer.

There was no effect on muscle imbalance between the dominant and non-dominant hamstring muscle group.
Coaches, fitness coaches, rehabilitation specialists and
sports medicine doctors should be made aware that a single
match impacts negatively on the ability of football players to
develop eccentric strength in the hamstring muscle group,
so that they can plan training and prevention programmes
adapted to these findings.
Soccer specific fatigue affects the eccentric strength of the
hamstring muscle group.
There is significant decrease in eccentric strength of both
hamstring muscle group after a match.
Future injury prevention strategies may need to consider
reducing negative effects of fatigue.
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