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ABSTRACT
Objectives To identify the intrinsic risk factors of
non-contact strains in the hamstrings and quadriceps
muscles of professional soccer players via a cohort
prospective design.
Methods A total of 100 professional soccer players
(aged 19.4–27.8 years) from four professional teams
underwent a composite musculoskeletal assessment
at preseason. Intrinsic risk factors included dichotomies
of asymmetries in muscle strength, flexibility, proprioception, anthropometry and knee joint stability, and of
previous injuries. Muscle strains were prospectively
monitored during the subsequent season using questionnaires. The data were analysed via binary logistic
regression.
Results Thirty-eight percent of the players sustained
one or more lower-extremity muscle strains. Sixteen
(42.1 %) and seven (18.4 %) of them were clinically
diagnosed as having non-contact muscle strains at their
hamstrings and quadriceps, respectively. Players with
eccentric hamstring strength asymmetries (OR=3.88;
95% CI 1.13 to 13.23), functional leg length asymmetries
(OR=3.80; 95% CI 1.08 to 13.33) and no previous hamstrings injuries (OR=0.15; 95% CI 0.029 to 0.79) were
at greater risk of sustaining a hamstring muscle strain.
Players with eccentric strength (OR=5.01; 95% CI 0.92
to 27.14) and flexibility asymmetries (OR=4.98; 95%
CI 0.78 to 31.80) in their quadriceps as well as heavier
(OR=10.70; 95% CI 0.73 to 156.37) and shorter players
(OR=0.08; 95% CI 0.00 to 1.35) were at greater risk of
sustaining a strain in this muscle group.
Conclusions Professional soccer players with functional asymmetries possess a higher risk of sustaining
hamstring strains. Previous injury seems not to constitute a risk factor. The systematic isokinetic evaluation
of the lower extremities during the preseason period
can provide therapists and trainers with valuable data
regarding the predictive elements of non-contact hamstring strains in professional soccer players.
INTRODUCTION
Playing and practising in soccer requires players
to cope with varying degrees of asymmetrical
mechanical workloads imposed on the musculoskeletal structures of their lower extremities,1 2
and this, consequently, leads to injury. 3 4
Epidemiological studies5 – 9 show that injuries in
soccer occur in relation to age, training level and
gender, at a rate of 1.5–15.4 per 1000 h of training and 7.4–47.5 per 1000 h of playing.10 –12 In
comparison with other team sports such as
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volleyball, handball and basketball, soccer presents higher rates of injuries.13 14 The majority of
these (68–88%) are lower-extremity injuries,14 15
approximately 25% of which are non-contact
thigh muscle strains.9 16 These strains are primarily created by either a violent stretch of an eccentrically contracted muscle (the hamstring’s case) or
an explosive contraction of a muscle (the quadriceps’s case), with prolonged functional disability
and a strong tendency for recurrence being their
major complications.17 18
Aetiologically, the risk of injury in soccer
depends on both extrinsic (environment) and
intrinsic (athletes) factors.19 – 32 The physical contact between opponent players (contact injury)
constitutes the main extrinsic factor, accounting
for about 44–74% of the injuries, 20 21 whereas
major sources of intrinsic aetiology are asymmetries in muscle strength, 20 –28 flexibility29 – 31 and
proprioception, 32 33 as well as joint instability,17 anatomical and anthropometric asymmetries, 22 23 28
age20 21 and previous injury.17 18 Although many
studies have dealt with the investigation of these
intrinsic factors in soccer, especially in relation
to muscle strains, their specific impact on injury
remains controversial.19 – 33 As a general trend,
the relevant studies were simply based on the
assumption that muscle-strength asymmetries
alter the kinetic patterns of the lower limbs of the
players, and this predisposes the players to muscle
strains.4 22 –24 26 –28 For example, while some studies found a significant correlation between musclestrength asymmetries and muscle injuries,4 22 –24
others failed to detect significance in this hypothetical association. 26 –28 On the contrary, previous fi ndings regarding asymmetries in muscle
flexibility29 – 31 and previous injuries21 27 are more
defi nite in terms of their connection to the occurrence of muscle strains in the lower limbs of the
players.
Evidently, research on the intrinsic aetiology of
muscle strains in soccer is limited to the study of
separate factors (eg, strength, flexibility). No study
has yet focused on the composite assessment of
several factors simultaneously, such as asymmetries in the functional and somatometric profi le of
the lower limbs of the players. This aspect of the
problem is crucial, since nearly every soccer player
possesses some degree of functional footedness,
which leads to consistent asymmetry in the neuromuscular patterns of the lower limbs.1 2 Given
the complex nature of aetiology in non-contact
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muscle strains, the purpose of this prospective study was to
determine whether the composite effects of asymmetries in
muscle strength, flexibility, proprioception, joint stability,
physical characteristics and previous history of strains are
connected with increased risk of non-contact lower-extremity
muscle strains in professional soccer players.

METHODS
Study design and participants
This investigation was a prospective cohort study. The sample
consisted of 100 professional soccer players free of injury for at
least 6 months prior to testing, recruited from a total of 115 players from four teams of the 3rd National Soccer League division.
The sample was grossly homogeneous in potential confounding variables, such as weight, height, age, training regime (one
game and 6–7 days of training per week), climatic conditions,
level of play, resting periods and professional experience (about
at least 5 years). All players signed written informed consents.
Based on a desired power level of 0.90 and a smallest detectable
OR of 0.01 (in cases of OR<1 for predictors that decrease the
odds of injury), the sample size was estimated to be 74. 34 35
The study was approved by the committee of Postgraduate
Studies in Biology of Exercise, at the Physical Education and
Sport Science Department of the University of Athens.

Procedures
All subjects underwent a preseasonal evaluation of lowerextremity isokinetic muscle strength, flexibility, joint stability, neuromuscular coordination and anthropometric traits.
The measurements were carried out at the Biomechanics and
Sports Injury Laboratory of the Physiotherapy Department,
Technological Educational Institute of Patras. Table 1 provides
an overview of the intrinsic risk factors, the anatomical elements, the variables and the corresponding experimental
equipment in the procedures used. Previous injuries as well as
lateral dominance-related characteristics were recorded for all
players through questionnaires. 36

Functional assessment
All tests were preceded by a 10–15 min warm-up consisting
of pedalling on an ergometric bicycle and stretching exercises

for the muscles of the lower limbs. Adequate familiarisation to each testing device and measurement was given to
each subject. Three measurements were obtained and averaged per variable, muscle group and limb side, except for
strength evaluation, where five repeated measurements were
performed.
The isokinetic assessment was carried out on a BiodexSystem III dynamometer (Biodex Medical, Shirley, New York)
and included bilateral measurements of concentric and eccentric modes of muscle strength for the knee flexors and extensors and the ankle dorsal and plantar flexors as well as for
the calculation of functional knee strength ratio at 180°/s.
Flexibility was assessed with bilateral goniometric measurements for the knee and ankle flexors and extensors, according to the method described by Norkin et al. 37 Proprioception
was assessed with bilateral kinaesthetic measurements using
a Prokin-200 stabilometer (Prokin, Technobody, Dalmine,
Bergamo). 38 In this test, the player had to cover a sequence
of five traces of a circular route to the best of his ability by
the movement of his lower limb using a cursor controlled by
an electronic platform. The percentage deterioration from the
circular route reflected the neuromuscular coordination of the
lower extremities. Four anthropometric measurements were
taken with the implementation of the International Society
for the Advancement of Kinanthropometry method 39 by a
level III accredited anthropometrist: weight, height, functional
leg length, mid-thigh girth. The stability of the knee joint was
assessed by the maximum anterior laxity (mm) produced after
a maximum manual anterior displacement of the tibia using a
KT-1000 arthrometer (Medmetric, San Diego, California).40
All non-contact muscle strains forcing players to miss at least
one scheduled practise session or game were recorded by the
club’s physiotherapists for a period of 10 months following the
initial testing, in accordance with the questionnaire proposed
by Fuller et al. 36 To avoid any rehabilitative attempts of correcting functional asymmetries detected at the preseason testing, neither players nor their physiotherapists were informed
about the results of the entire testing prior to the completion
of the study.
A factor that would induce some variation was time of participation in games (exposure time). However, this factor is an
extrinsic one (not within the scope of this study) and practically

Table 1 Tests and measurements of functional, somatometric characteristics and asymmetries of the lower limbs of professional soccer players
(N=100)
Intrinsic risk factor

Anatomical elements*/property

Assessed variables

Experimental equipment—procedure

Isokinetic muscle strength

Knee extensors
Knee flexors
Ankle plantar flexors
Ankle dorsal flexors
Eccentric knee flexors/concentric knee
extensors
Hamstrings
Quadriceps
Ankle plantar flexors
Neuromuscular coordination of the lower
extremities
WeightHeightMid-thigh girthLower limb
functional length

Con 60, 180, 300°/s; Ecc 60, 180°/s (Nm)
Con 60, 180, 300o/s; Ecc 60, 180°/s (Nm)
Con—Ecc 60°/s (Nm)
Con—Ecc 60°/s (Nm)
180°/s (Nm)

Biodex System III4

Biodex system III4

Range of motion (°)

Goniometric evaluation37

Percentage deterioration from ideal kinaesthetic
rotation of the ankle joint
Weight (kg)
Height (cm)
Mid-thigh girth (cm)
Lower-limb functional length (cm)
Anterior knee laxity (mm)
Non-contact muscle strains

Kinaesthetic stabilometer
Prokin-200 (Prokin-technobody Italy)38
International Society for the
Advancement of Kinanthropometry
method39

Functional knee strength ratio
Muscle flexibility

Proprioception
Anthropometrics

Joint stability
Previous injuries

Knee joint
Lower-extremity injuries

KT-1000 (medmetric)40
Specific questionnaire 36

*Measurements on both sides (left, right).
Con, concentric; Ecc, eccentric.
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difficult to control. Previous studies do not examine exposure
time as either a confounding or a controlled variable.

Table 2 Percent (%) of players possessing functional asymmetries
and previous strains (N=100)

Data processing and analysis

Characteristics

Players (%) with
No of variables asymmetries

Mean values and SDs for all outcome variables were computed.
The independent variables (1) age, weight and height, which
were used as dichotomies based on the median values (above
or below median values), and (2) anatomical and functional
asymmetries categorised as dichotomies (asymmetry, no
asymmetry) according to established criteria (cut-off points):
isokinetic strength asymmetries≥15%, 4 25 a functional isokinetic strength ratio (on at least one leg)<1, 4 flexibility asymmetries≥6°, 14 41 proprioception asymmetries (right–left)≥15%
and knee stability asymmetries (right–left)≥2 mm.42 The specific anthropometric characteristics (functional leg length,
mid-thigh girth) were classified as asymmetrical if they were
at least 1 SD above or below the average asymmetry value
(right–left) on at least one measurement. The dependent variable was also a dichotomy reflecting the occurrence or not of
a muscle strain.
The relationship between the independent variables and
the dependent variable was examined by backward stepwise
binary logistic regression (Wald, inclusion probability p≤0.10)
with OR analysis been used as in previous studies3 4 14 21
for estimating the simultaneous effects of several predictors
instead of relative risk estimates.43 Logistic regression function is logit (p)=b 0+b1X1+b2X 2+..+bk X k and predicts a logit
transformation of the probability (p) of occurrence of an outcome of the form odds=p/(1–p), in our case of the probability
of a non-contact muscle strain.

Specific somatometric asymmetries
Functional leg length (right–left≥1.8 cm)
Mid-thigh girth (right–left≥1.5 cm)
Knee laxity (right–left≥2 mm)
Proprioception asymmetries (right–left≥15%)
Myodynamic asymmetries (right–left≥15%)
Concentric strength
Eccentric strength
Quadriceps concentric strength
Quadriceps eccentric strength
Hamstrings concentric strength
Hamstrings eccentric strength
Functional isokinetic strength ratio (180°/s)
Flexibility asymmetries (right–left>6o)
Quadriceps flexibility
Hamstrings flexibility
Previous strains
Previous quadriceps strain
Previous hamstrings strain

2
1
1
1
1
14
8
6
3
2
3
2
1
3
1
1
3
1
1

RESULTS
The players ranged from 19.4 to 27.8 years of age, 172.04 to
183.32 cm in height, 67.4 to 79.28 kg in weight and 5.90 to
11.52 years in professional training age. The distribution
of the players in terms of their functional asymmetries is
given in table 2. From the 100 players tested in 14 isokinetic
variables, only 11 (11%) showed a normal isokinetic muscle
strength profi le (with asymmetries<15%). At least one clinically substantial (≥ 15%) muscle strength asymmetry was
detected in 68% of the players for the concentric mode of
isokinetic muscle contraction and in 73% of these for the
eccentric. Thirty-two players (32%) presented asymmetries
in mid-thigh girth and in functional leg length, and 34 (34%)
in anterior knee laxity asymmetry. Thirty eight (38%) players had flexibility asymmetries in the hamstrings and 16
(16%) in the quadriceps. Previous strains were found in 33 of
the players (33%) for the hamstrings and only in 13 of (13%)
for the quadriceps.
Thirty-eight players (38%) sustained at least one muscle
strain injury at their lower extremities, both contact and noncontact, which caused them to miss training and/or playing
time during the period of the study. Twenty-eight players
(28%) suffered non-contact muscle strains, from which seven
(7%) occurred in the quadriceps, 16 (16%) in the hamstrings,
three (3%) in the hip adductors and two (2%) in the gastrocnemius muscle. Based on the total number of injuries recorded,
16 injuries (43%) occurred on the right lower extremity and
21 (57%) on the left. In terms of lateral dominance, 21 (57%)
injuries occurred on the dominant (kicking) leg and 16 (43%)
on the non-dominant. Owing to the small number of strains
reported for the hip adductors and the ankle plantar flexors,
only the hamstrings and quadriceps strains were used in the
Br J Sports Med 2011;45:709–714. doi:10.1136/bjsm.2010.077560
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32
29
20
34
54
89
68
73
17
20
34
47
39
49
16
38
49
13
33

logistic regression model. The baseline values for the respective independent variables are given in tables 3, 4, while the
summary statistics of the logistic regression model are given
in table 5.
This model revealed three significant predictors of hamstring muscle strain occurrence: eccentric hamstring strength
asymmetries (OR=3.88; 95% CI 1.13 to 13.23, p=0.03), functional leg length asymmetries (OR=3.80; 95% CI 1.08 to
13.33, p=0.03), previous hamstring injuries (OR=0.15; 95%
CI 0.029 to 0.79, p=0.02). The fi rst two (OR>1) increase
and the third (OR<1) decrease the odds of injury. None of
the other intrinsic factors imposed a significant relative
risk for hamstring strain (p>0.05). Regarding quadriceps, a
trend was documented for heavier (OR=10.70; 95% CI 0.73
to 156.37, p=0.08) and shorter players (OR=0.08; 95% CI
0.00 to 1.35, p=0.08), as well as for players with eccentric
strength (OR=5.01; 95% CI 0.92 to 27.14, p=0.06) and flexibility (OR=4.98; 95% CI 0.78 to 31.80, p=0.08) asymmetries in the quadriceps to be at greater risk for a strain in
this muscle group. This trend was not significant at the 0.05
level, probably owing to the small number of players (seven)
having this injury.

DISCUSSION
The present study hypothesised that anatomical and functional asymmetries increase the propensity of non-contact
lower-extremity muscle strains in professional soccer players. A total of 100 professional players were examined at
preseason and monitored for a total of 10 months to the
end of the competition period. The results verified that the
lower extremities of soccer players tend to be asymmetrical.
Almost half of the players (49%) had flexibility asymmetries,
and only 11% of the players had normal isokinetic strength
symmetry. Additionally, 39 (39%) of the players had isokinetic strength imbalances in the knee joint, 22 (22%) presented somatometric asymmetries, while 34% presented
anterior knee laxity asymmetries. A total of 28 non-contact
muscle strains were recorded in the lower limbs of the players. Sixteen occurred in the hamstrings (57%) and seven in
711
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Table 3 Descriptive statistics profile of functional and somatometric characteristics for players with
injured and uninjured hamstrings (N=100)

Age (years)
Weight (kg)
Height (cm)

Hamstring isokinetic
strength (Nm)

Con 60°/s
Con 180°/s
Con 300°/s
Ecc 60°/s
Ecc 180°/s
Hamstrings/quadriceps
180°/s
Hamstrings flexibility
Kinaesthesis

Knee functional strength
ratio
Muscle flexibility (°)
Proprioception
(percentage deterioration)
Anthropometrics (cm)
Mid-thigh girth*
Lower-leg functional length*
Joint stability (mm)
Anterior knee laxity

Hamstring injured soccer
players (N=16)

Hamstring uninjured soccer
players (N=83)

22.94 (4.11)
74.71 (3.64)
180.04 (4.97)

23.00 (3.27)
71.58 (5.96)
176.36 (6.19)

RightM (SD)

LeftM (SD)

RightM (SD)

LeftM (SD)

136.25 (22.57)
108.47 (16.53)
93.78 (15.64)
189.90 (43.46)
188.36 (46.74)
1.11 (0.22)

133.38 (23.49)
101.72 (18.15)
92.83 (18.63)
187.49 (30.68)
170.45 (44.40)
1.03 (0.26)

142.06 (30.51)
109.32 (21.19)
98.42 (21.00)
192.51 (52.06)
186.62 (47.02)
1.14 (0.25)

133.05 (23.46)
103.07 (18.17)
92.85 (20.52)
191.80 (54.56)
185.02 (46.26)
1.11 (0.24)

89.17 (15.00)
24.47 (10.57)

90 (11.89)
24.66 (11.60)

82 (14.37)
38.30 (16.91)

89.11 (14.19)
45.05 (28.99)

53.14 (1.44)
92.07 (4.30)
7.29 (2.05)

52.52 (1.43)
92.25 (4.57)
8.17 (2.48)

52.34 (2.57)
91.44 (4.67)
7.82 (1.50)

52.08 (2.50)
91.61 (4.28)
8.35 (2.47)

*Intratester reliability (body sides): (1) technical error of measurements<1%; (2) intraclass correlation coefficient>0.98.
Con, concentric; Ecc, eccentric.

Table 4 Descriptive statistics profile of functional and somatometric characteristics for players with
injured and uninjured quadriceps (N=100)

Age (years)
Weight (kg)
Height (cm)

Quadriceps isokinetic
strength (Nm)

Con 60°/s
Con 180°/s
Con 300°/s
Ecc 60°/s
Ecc 180°/s
Hamstrings/quadriceps
180°/s
Quadriceps flexibility
Kinaesthesis

Knee functional strength
ratio
Muscle flexibility (o)
Proprioception
(percentage deterioration)
Anthropometrics (cm)
Mid-thigh girth*
Lower-leg functional length*
Joint stability (mm)
Anterior knee laxity

Quadriceps injured soccer
players (N=7)

Quadriceps uninjured soccer
players (N=93)

25.42 (5.28)
72.35 (4.69)
176.41 (4.68)

23.42 (2.76)
73.42 (3.36)
180.81 (2.76)

RightM (SD)

LeftM (SD)

RightM (SD)

LeftM (SD)

231.61 (29.46)
160.20 (21.90)
131.40 (16.23)
324.94 (48.07)
295.68 (62.44)
1.15 (0.22)

241.17 (29.99)
168.41 (25.47)
142.97 (18.98)
305.25 (49.52)
315.60 (55.84)
1.13 (0.17)

241.14 (2.48)
167.50 (26.33)
133.61 (19.40)
269.64 (92.21)
243.22 (79.95)
1.35 (0.28)

233.57 (27.33)
167.94 (22.41)
132.52 (11.97)
269.14 (76.45)
225.98 (79.43)
1.08 (0.40)

159.00 (2.6)
22, 19 (7.60)

147.28 (7.01)
23.57 (9.82)

54.05 (1.06)
93.54 (5.57)
7.14 (1.34)

53.28 (0.76)
94.05 (5.48)
8.57 (3.20)

158.42 (1.51)
152.71 (5.58)
43.73 (12.63) 61.73 (35.18)
51.77 (3.13)
91.44 (3.92)
7.71 (1.88)

51.90 (2.91)
91.57 (4.03)
9.14 (2.67)

*Intratester reliability (body sides): (1) technical error of measurements<1%; (2) intraclass correlation coefficient>0.98.
Con, concentric; Ecc, eccentric.

the quadriceps (25%). This epidemiological incidence rate of
non-contact muscle strains is in accordance with the fi ndings
of previous studies.8 9
The analysis of these data via logistic regression determined
that for the development of hamstring strains in soccer players, two functional asymmetries of the lower limbs (isokinetic
strength and leg length) are accountable, with previous history of strains in the same muscle group being rather reductive
of the odds of this injury. Players with an eccentric isokinetic
strength asymmetry of >15%, a functional leg length asymmetry of >1.8 cm and no previous injury (OR<1) were at greater
risk of suffering a non-contact hamstring injury compared
with those with lower or no asymmetries and hamstring
strain history.
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Regarding quadriceps, no significant risk factor of muscle
strain was found, with this apparently being the result of the
small number of cases with quadriceps strains (seven). This
outcome leaves the defi nite answer about quadriceps to be
answered by future studies analysing a sufficiently large number of strains. Despite this, the study offered a clear novel
methodological approach by applying an assessment protocol
on all intrinsic factors with a potential impact on the risk of
non-contact muscle strains. Relevant research so far has concentrated on the analysis of single aetiological factors for soccer
traumas, in spite of the rather complex (multivariable) structure
of the phenomenon. In this respect, previous fi ndings regarding muscle strength asymmetries4 25 and imbalances, 22 24
flexibility asymmetries29 – 31 and previous injuries21 27 only
Br J Sports Med 2011;45:709–714. doi:10.1136/bjsm.2010.077560
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Table 5 Frequencies and logistic regression* results: intrinsic risk factors for hamstrings and quadriceps
muscle strains in professional soccer players (N=100)
Intrinsic aetiological factors

Hamstrings muscle strains (16 vs 84)
Eccentric hamstrings strength asymmetries
Functional leg length asymmetries
Previous hamstring strains
Quadriceps muscle strains (7 vs 93)
Weight
Height
Quadriceps flexibility asymmetries
Eccentric quadriceps strength asymmetries

Frequencies* (%)

Statistics

Low risk

High risk

OR

95% CI

p Value

No strain
Strain
No strain
Strain
No strain
Strain

48
5
62
9
53
14

36
11
22
7
31
2

3.88

1.13 to 13.23

0.03

3.80

1.08 to 13.33

0.03

0.15†

0.029 to 0.79

0.02

No strain
Strain
No strain
Strain
No strain
Strain
No strain
Strain

55
3
42
4
80
4
77
3

38
4
51
3
13
3
16
4

10.70

0.73 to 156.37

0.08

0.08†

0.00 to 1.35

0.08

4.98

0.78 to 31.80

0.08

5.019

0.928 to 27.14

0.06

High risk (low risk): with (without): (1) preseason functional asymmetries, (2) previous muscle strains, (3) weight above
(below) median and (4) height above (below) median.
Strain (no strain): with (without) muscle strain.
*Two separate models determined.
†OR<1: decreased odds of injury.

partially explained the potential risk for non-contact muscle
strain that characterises soccer players. In our study, the use
of logistic regression with several independent factors led to
the identification of three significant predictors (functional
leg length asymmetry, excessive isokinetic asymmetry, previous hamstring strains), which, combined together, provide a
composite effect on the risk of muscle strain. Thus, the results
of previous studies with soccer players are comparable only in
terms of single explanatory variables—for example, the study
by Croisier et al.,4 with its primary fi nding that the incidence
rate of hamstring strains is significantly increased in players
with eccentric strength asymmetries (>15%); or the studies
by Croisier et al4 and Ascling et al,44 in which this incidence
rate was found to be significantly lower in players following
a specific eccentric muscle-strengthening programme of the
hamstrings, compared with those who did not.
Our fi ndings clearly support the general hypothesis that
symmetry in the myodynamic function of the lower extremities is crucial for the prevention of muscle injuries in athletes. Therefore, asymmetry in the hamstrings function
may decrease the capability of the muscle to cope with the
maximal forces created by the explosive contraction of knee
extensors in the deceleration phase of the late forward swing
in running, thus leading to muscle injury. On the other hand,
the reduced risk for non-contact hamstring strains in players
with a history of previous hamstring strains is opposite that
of previous fi ndings, 21 27 assuming an increase in the risk due
to inadequate rehabilitation or neuromuscular adaptations45
usually following a muscle strain. In ankle injuries, in which
both passive and active elements of the joint structure are
implicated, a similar fi nding (previous injury not connected to
reinjury) was attributed to the type of rehabilitation, the compliance of the athlete to it and the quality of recovery.46 In our
view, this novel fi nding may also be at least partially attributed to improved contemporary rehabilitative techniques and
to protective kinetic patterns adopted by the injured players to
avoid reinjury.
Br J Sports Med 2011;45:709–714. doi:10.1136/bjsm.2010.077560
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A significant role in increasing the risk of muscle injury,
especially in the hamstrings, seems to be played by the
functional leg length inequality as well. It appears that this
structural inequality alters the kinetic patterns of the lowerextremity function during the production of excessive and
asymmetrical forces in explosive sports activities, such as
kicking and cutting in soccer. Previous studies examining the
role of anatomical characteristics in the risk of non-contact
muscle strains in soccer players focused on only ligament
injuries and their association with general joint laxity28 and
proprioceptive asymmetries. 32 33 Additionally, contrary to
fi ndings correlating muscle flexibility asymmetries29 – 31 and
isokinetic strength imbalances22 24 with muscle strains, no
such association was revealed in the present study. It is possible that potential asymmetries of muscle flexibility and
knee strength ratios play a secondary role in the mechanisms
that predispose the soccer player to quadriceps and hamstring
strains.
The present study was not a randomised study, and this
limitation is recognised by all other relevant prospective
studies of professional soccer players. Other potential limitations are the conversion of continuous data into dichotomies, using the median as a control point, not controlling for
exposure time and not using cluster analysis for examining
the problem under study on an individual player level (not
in the scope of the study). However, as reliability and validity of the preseason assessment are critical, the current study
adopted a prospective design with controlled experimental
conditions (same lab, identical conditions, same testers).
Relevant studies assessing larger samples (>100) adopt insufficiently controlled experimental conditions (ie, different
laboratories and different testers).4 26 –28 In that respect, our
study substantially improved previously applied procedures,
and, considering the use of multivariable logistic regression,
our results are so far of the highest validity and, therefore, of
better applicability regarding injury prevention and rehabilitation in soccer.
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Original article
CONCLUSIONS
The presence of clinically significant isokinetic strength and
functional leg length asymmetries in the lower limbs of soccer players increase the odds of non-contact hamstring strains.
Previous hamstring strain seems to decrease the odds of injury
recurrence. Other potential intrinsic factors, such as age, crosssectional periphery of the thigh, muscle flexibility, functional
knee strength ratio, knee-joint laxity and proprioceptive traits,
proved to be irrelevant to the creation of quadriceps and hamstrings muscle strains. A preseasonal functional assessment
similar to that used in the present study must lead to the detection of the major intrinsic risk factors connected with these
strains. A strengthening protocol focusing on the reduction in
lower-extremity strength asymmetries may then be developed,
evaluated and employed for the purpose of reducing the risk of
occurrence of non-contact muscle strains in soccer players.
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