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SUMMARY: The purpose of study was to identify the presence of strength asymmetries (SA) in young elite soccer players in
relation to muscle group (knee extensors (KE) and flexors (KF)) and limb preference (dominant vs. non-dominant limb). Bbéty-one
national team soccer players (mean agetIb3years, body height 17£6.6 cm, body weight 68+7.9 kg) participated in this study.
Assessments were performed on a Cybex Humac Norm isokinetic dynamometer in concentric contraction. We noted the degree of SAs
in the bilateral ratio of quadriceps and hamstrings and in the ipsilateral ratio of the dominant (DL) and non-dominarst @latézgl
deficits of KFs were higher (9.02-12.61 %) than those of KFs (6.32—7.15 %). The percentage of SA (>10 %) in knee extéddbrs was
31.7 %. The percentage of SA (>10 %) in knee flexors was 36.6-51.2 %. At the lowest velocity, there was a significantiguailgineep
of SAs in KFs than in KEsxg= 4.11, p<.05). The ipsilateral ratio was lowest at the lowest velocity regardless of limb dominance (DL:
58.95-63.27 %, NL: 56.58-60.11 %). At each velocity, the percentage of SA was higher for the non-dominant limb (12.2-84.4 %) th
for the dominant one (4.9-14.6 %). Despite these differences, we did not find any significantly higher prevalence of i8%in the
dominant limb than in the dominant ong< .35—-2.04, p>.05). The results of the study suggest that more than 73.2 % of players have at
least one SA. More attention should be paid to knee flexors, where a higher percentage of strength asymmetries werngthteseroesl; f
a higher percentage of strength asymmetry was seen in the non-dominant lower limb.
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INTRODUCTION

The positive effects of physical activity (PA) are wellstrength asymmetries (SA), which may result in large
known and have been described in the scientific literaturehanges in the myodynamic characteristics of the muscle,
However, both excessive and insufficient PA can negativeparticularly in the dominant leg. Long-term asymmetrical
impact some aspects of physical fithess in the form ¢dading was found to lead to differences in bone mineral
maladaptive effects. If these movement apparatus problegimposition and density between the dominant and non-
are not compensated for starting in young people (especiallyminant arms of racquet players (Kanatial, 1995). Arm
in the young sporting population), they can have a negatiggymmetry was also observed in professional tennis players,
impact on the child’s further development. Negative effectsith approximately 20 % more bone mineral content and
can also be observed in muscle strength differences betwesuiscle mass in the dominant arm (Caleeal, 1998).
more and less preferred muscle groups. A different type @hverovaet al (2015), found that a bilateral force deficit is
strength asymmetry between the dominant and non-dominamsre frequent in adult female handball players compared to
sides or left and right sides has often been studied (Fousgkisior players, which could be due to long-term unilateral
etal, 2010). The results of some studies indicated that longrientation of handball-specific skills. Strength asymmetry
term participation in soccer leads to the development atross the body has been shown to be linked to increased
various degrees and modes of functional asymmetpyevalence of injury (McCa#t al, 2014) and impaired per-
(Fousekiset al). Limb preference in soccer may lead tdormance in athletes (Youreg al, 2002).
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Strength is an important component of specifibased on these values, we derived the ipsilateral ratio of
physical fitness in soccer. Testing of lower limb strength imuscle torque for both dominant and non-dominant legs
very important because muscle groups (quadricep@]:Q, and H:Q, respectively) and the bilateral ratio between
hamstrings and calves) must generate and absorb high forites exerted strength of knee extensors (Q:Q) and flexors
during acceleration, deceleration, jumping, kicking, turningH:H). Strength parameters were obtained in the concentric
tackling, changes of direction and other movement activitie®ntraction at angular velocities of 60, 120, 180, 240 and
during a soccer match. Because the game of soccer frequeB0@ °-s'. The maximum peak muscle torque of the knee
involves one-sided activities such as kicking, tackling anektensors and flexors of the dominant and non-dominant legs
passing, asymmetries in muscle strength between both lefygsing concentric contraction was measured at five angular
are possible. velocities of movement (60, 120, 180 240 and 3G6).

Before measurement, all tested subjects completed a short

Long-term preferred and uncompensated loads on owarm-up (dynamic half squats: 3 sets of 10 repetitions;
side of the body may lead to asymmetry and dominancefofward lunges: 3 sets of 10 repetitions) and static stretching
one leg, which can be a result of pre-existing limb preferenoé the lower limb muscles (6 minutes) using an individual
(footedness). Morgan & Oberlander (2001) suggested thagiproach. The testing protocol consisted of three attempts
approximately 75 % of injuries in soccer occur to the loweat knee flexion and extension at the monitored velocities
limbs. A high ratio of hamstring and quadriceps muscl@rom the lowest to the highest velocity). Before testing at
strength is predictive of an increased risk for injury (Fousekeach velocity, the participants completed four training trials
et al). at submaximal intensity. Visual feedback and verbal

stimulation were given during the testing.

The purpose of this study was to identify the presence
of strength asymmetries in young elite soccer players Btatistical analysis.From methods of descriptive statistics,
relation to muscle group (knee extensors and flexors) an@ used the mean as a measure of central tendency and stan-
limb preference (dominant vs. non-dominant limb). dard deviation and standard error of the mean as measures

of variability. Data are expressed as mestandard

We hypothesized that there would be a significantlgleviation. For statistical analysis, we used the analysis of
higher percentage of strength asymmetries in knee flexdrequencies and the non-parametgt (chi square
than in knee extensors. We also assumed a higher percentiggibution) test. The rejection of the null hypothesis was
of strength asymmetries in the ipsilateral ratio (Hamstringssessed at the level of£.p5. Statistical analysis was
to Quadriceps ratio) on the non-dominant limb than in thegerformed using IBM SPSS v21 (Statistical Package for
dominant one. Social Science, Inc., Chicago, IL, 2012).

MATERIAL AND METHOD RESULTS

Subiject. Forty-one U16 national team soccer players (mean The bilateral deficit in knee flexors was higher (9.02—
age 15.%0.3 years, body height 17#8.6 cm and body 12.61 %) than in knee extensors (6.32-7.15 %). The
weight 68.27.9 kg) participated in this study between 201percentage of strength asymmetry in knee extensors
and 2012. Testing was carried out within a season period BD>10 %) was 19.5-31.7 % among all tested players
a national camp. Participants recruited were not injured depending on angular velocity. The bilateral deficit of knee
rehabilitating from an injury at the time of testing. Theextensors was higher at lower velocities (60, 1:230) in
participants were informed about the measuremenbmparison with higher angular velocities (180—-3G0).
procedures and they signed an informed consent form. Thebilateral deficit of knee flexors was higher at the lowest
velocity (60°-s) as well as at the highest velocity (300
Assessment of strength indicatorsThe muscular strength °-s?). The percentage of strength asymmetry in knee flexors
of the lower limbs was assessed using a Cybex Humac NofBD>10 %) was 36.6-51.2 % among all tested players
isokinetic dynamometer (Cybex NORMHumac, CA, depending on angular velocity. At the lowest velocity,
USA). The device is hydraulically directed and fullywhere the players produced the highest peak torques, we
computer controlled in the continuous passive movememgund a significantly higher prevalence of strength
isometric, isotonic and isokinetic concentric and eccentrasymmetry than in knee extensofs(4.11, p< .05) (Table
modes. We tested maximum peak voluntary muscle torgl)eAt other contraction velocities, the percentage proportion
of knee extensors (RJland flexors (PJ) on both legs, and of strength asymmetry was higher in knee flexors; however,
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the prevalence of strength asymmetry in knee flexors didt.4 %) than for the dominant one (4.9-14.6 %).

not significantly differ from that in knee extensors. Regardless of limb dominance, the highest prevalence of
strength asymmetries was found at “tailed” velocities (60

The ipsilateral ratio (H:Q ratio) was lowest at theind 300°-s?). Despite these differences, we did not find

lowest velocity regardless of limb dominance (Table Iany significantly higher prevalence of strength asymmetry

This ratio on the dominant limb achieved the values a@f the non-dominant limb compared to the dominant limb

58.95-63.27 % depending on the movement velocityy?= .35-2.04, p> .05).

values for the non-dominant limb amounted to 56.58—

60.11 %. At each velocity, the percentage of strength Individual assessments showed that in 30 players

asymmetry was higher for the non-dominant limb (12.2(73.2 %), at least one strength asymmetry was identified.

Table I. Bilateral deficit of knee extensors (Q:Q) and flexors (H:H) and percentage proportion of strength asymmetry itoted mon
players. The data are expressed as the mean (standard deviation).

Angular velocity Knee extensors Knee flexors Total SA

2

s Q:Qratio  SA (%) H:H ratio SA (%) (%) * P

60 6.53(4.89) 293 10.98(7.61) 51.2 40.2 4.11 p <.05
BILATERAL

DEFICIT 120 7.15454) 317 9.02(6.86) 36.6 34.1 022  p>.05
180 6.32(4.47 26.8 10.51(9.60) 36.6 31.7 0.9 p>.05
240 6.37(5.73) 26.8 10.78(9.98) 34.1 30.5 0.52 p>.05
300 6.49(583)  19.5 12.61(9.76) 415 305 466  p<.05

Q-quadriceps, H-hamstring, SA-Strength asymmgtrchi square statistic, p—probability of rejection of null hypothesis

Table II. Ipsilateral deficit of the dominant and non-dominant legs (H:Q) and percentage proportion of strength asymihetries in
tested players. The data are expressed as the mean (standard deviation).

Angular Dominant leg Non-dominant leg Total SA
velocity (°s-') HQ SA (%) HQ SA (%) (%) " b
IPSILATERAL 60 58.95(8.38) 12.2 56.58(8.31) 24.4 18.3 2.04 p>.05
DEFICIT 120 62.22(8.45) 4.9 59.43(8.85) 12.2 8.5 1.41 p>.05
180 63.27(8.74) 49 60.39(10.05) 14.6 9.8 222 p>.05
240 62.78(10.21) 12.2 59.87(10.87) 17.1 14.6 0.39 p>.05
300 62.63(12.46) 14.6 60.11(12.87) 19.5 17.1 0.35 p>.05

Q-quadriceps, H-hamstring, SA-Strength asymmgtrchi square statistic, p—probability of rejection of null hypothesis.

DISCUSSION

Strength is an important component of specificeported in professional Brazilian players (n=164) a knee
physical fitness in soccer. Testing of lower limb strength isxtensor strength asymmetry of 7.75 % and knee flexor
important because muscle groups (quadriceps, hamstriagymmetry of 8.10 %. Malgt al. (2015a) reported a bilate-
and calves) must generate and absorb high forces durigdeficit in knee extensors of 724121 % and 10.18.66
acceleration, deceleration, jumping, kicking, turning% in knee flexors in elite female soccer players. The
tackling, changes of direction and other movement activitiggercentage of strength asymmetry in knee extensors (BD>10
during soccer matches. %) was 19.5-31.7 % among all tested players depending on

angular velocity. The bilateral deficit of knee extensors was
Bilateral deficit. The results of our study revealed highehigher at lower velocities (60, 12G') compared to higher
values of bilateral deficit in knee flexors compared tangular velocities (180-300s?). The bilateral deficit of
extensors at all monitored velocities based on thelnee flexors was higher at the lowest velocity {60) as
prevalence (Table I). The average values of the bilatexaéll as at the highest velocity (30GY). The highest values
deficit of knee extensors (6.58.89 %) and knee flexors of strength asymmetry at the highest velocities were also
(10.98:7.61 %). at the lowest velocity were not consisterjublished in other studies (Mabt al, 2015b). Because
with the results of the study of Carvalheisl (2013), who hamstring injury is the most common injury in football and
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most of the hamstring injuries occur to the biceps femori) compensate for the observed strength asymmetries. Muscle
more attention should be paid to knee flexors (Eksteaatl, imbalance higher than 10 % of deficit indicates a potential
2012). At the lowest velocity (60s?), more than 51 % of risk for players, predisposing them to possible muscle-related
players have bilateral knee flexor strength deficits higher thamuries such as strains and tendinitis (Daggal., 2000).
10 %. Moreover, at the lowest velocity, where the players
produced the highest peak torques, we found a significantlysilateral asymmetries. Ipsilateral asymmetry (H:Q ratio)
higher prevalence of strength asymmetry than in kneeflects the percentage proportion of peak torque of agonist
extensors)?= 4.11, p< .05) (Table 1). This finding does notand antagonist muscle groups of the same limb. H:Q is an
correspond with the study of Daneshjeibal (2013), who indicator of the functional ability of muscle groups around
reported in youth elite players (n=36, age 8.2 years) an the knee joint as a performance criterion. This ratio is difficult
insignificant difference in the prevalence of bilateral deficito generalize; however, some studies report its magnitude in
of knee extensors and flexors. Significant differences betwetre range of 50 to 80 % depending on knee angle and angular
the dominant and non-dominant limbs during concentrigelocity (Zabkeet al, 2011). At lower velocities (60—186s
contraction at a velocity of 60s! in adult elite athletes (Q:Q= 1), the agonist/antagonist ratio should be approximately 60
10.53t9.44 %, H:H= 10.365.69 %) were published by Jones%. Hoffmanet al (1992), reported that 6:10 is a normal H:Q
& Bampouras (2010). Rahnamaal (2005), suggested that ratio. In our study, the ipsilateral ratio (H:Q ratio) was lowest
up to 68 % of soccer players had muscle asymmetries ahthe lowest velocity regardless of limb dominance. This ratio
extensors or flexors between the extremities of higher than @8 the dominant limb achieved values of 58.95-63.27 %
% in at least one of the measurements of muscle strengilepending on the movement velocity; values for the non-
Muscle bilateral asymmetries were found in at least orominant limb amounted to 56.58—60.11 %. These results are
measurement in 50 % of players at a velocity gf:6Dand in  consistent with the study of Gétal (1999), who reported in
75 % of players at a velocity of 30&G! (Maly et al, 2010). elite players H:Q ratio values of 56—-63 % for the dominant
leg and 55-61 % for the non-dominant leg. Compared to

At the highest velocity (308 s?), more than 41 % of Daneshjoet al, findings, our players generated higher values
the players have bilateral force deficits of knee flexors highef H:Q ratio at the velocity of 60s? (for both dominant and
than 10 %. Daneshjoat al, reported a higher percentage ohon-dominant legs) and lower values at the velocity of 300
bilateral force deficits of both knee flexors (58.3—72.2 %) ants®. Similarly, at the lowest velocity (60s), our players
knee extensors (44.4-52.8 %).The observed asymmetrypabduced comparable values with professional adult players
higher angular velocities deserves increased attention becaasd lower values (~9 %) at the velocity of 30§ (Fousekis
the key specific activities (shooting, jumping, sprintinget al). A higher H:Q ratio at 300-s* was also reported in
acceleration, deceleration of movement, changes of directiother studies (Lehanet al; Maly et al, 2010). Based on the
speed, long distance passing, etc.) are performed at haforementioned studies, it is possible to increase the H:Q ratio
velocities. for the dominant and non-dominant legs using specific

interventions, especially at higher movement velocities.

Our results are similar to the study of Lehaateal
(2009), who measured the muscle strength of elite and sub- At each velocity, the percentage of strength asymmetry
elite soccer players (n=57) on an isokinetic dynamometasms higher for the non-dominant limb (12.2-24.4 %) than the
during the preparatory period and found out that up to 56 % déminant one (4.9-14.6 %). Regardless of limb dominance,
players are at risk for muscle strength asymmetry of the knéee highest percentage of strength asymmetries was found at
flexors or extensors. The authors reported a higher proportitiailed” velocities (60 and 300-s'). Despite the mentioned
of muscle strength asymmetry in young soccer players thandifferences, we did not find any significantly higher prevalence
senior players. Knapigt al. (1991), reported that athletes withof strength asymmetry on the non-dominant limb than on the
muscle strength imbalances higher than 15 % at a bilatedaminant limb §?= .35-2.04, p> .05). A higher H:Q ratio in
comparison of extremities had a 2.6-times higher frequenévour of the dominant limb may be due to the more frequent
of injuries when compared to athletes for whom this differenaese of that leg for kicking, when the knee flexors have to
was lower than 15 %. In the training process, these strenglbicelerate the lower leg during kicking and passing a ball,
characteristics should be detected and compensated for usifich causes better adaptation of the particular muscle groups.
an individual strength program. In our study, the percentagixteen players (61 %) had at least at one of the tested angular
of strength asymmetry (BD>10 %) in knee extensors anelocities, ipsilateral ratio (H:Q) lower than 50 %. Values
flexors was lower than in older elite players (Daneslgbo below 50 % indicate a severe level of muscular imbalance
al.). This result can be attributed to the fact that our playef8abkaet al). These data reflect a discrepancy between the
are, as members of the Czech national team, regularhuscle strength of knee extensors and flexors. When the
monitored and the results of testing are sent to clubs in ordstensors exert substantially larger forces than the flexors,
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excessive anterior translation of the tibia on the femur magpresent a potential risk of injury; therefore, the observed

occur during dynamic activities, and the anterior cruciatessymmetries should be systematically monitored and

ligament (ACL) will experience higher-than-normal sheacompensated for using specific exercises. Further research

forces, mainly in the final knee extension angles and durirsfpould focus on the changes in strength asymmetries under

intense quadriceps contractions (Magalhéteal, 2004). If fatigue (after specific physical load), their monitoring during

the flexors are too weak to counteract this force, the ACL malye season (seasonal variability), from the perspective of field

be injured (Cheungt al, 2012). position, the efficiency of their compensation and, in particu-

lar, their early diagnostics, detection and identification of their

There are some limitations of our study. First, our dat@auses (analysis of the training load structure and

are representative of only one age category (U16) and the wyracurricular unilateral physical activities, e.g., skateboard,

sport level (members of the national team). Second, tlsaowboard, scooter).

ipsilateral H:Q ratio was obtained from concentric contraction

(conventional ratio). The Eccentric hamstring to concentric Precise determination and quantification of muscle

quadriceps (functional ratio) may be a better method sfrength imbalances is essential for determining the funda-

simulating the co-activation pattern developed in the legental level of organized and intentionally controlled training

deceleration phase during the final stage of knee extensioand for early compensation for the observed imbalances to

protect against potential injury. In terms of practice, the results

In conclusion, our study found that more than 73.2 %may be beneficial for fitness coaches, physiotherapists, doctors

of players have at least one strength asymmetry. More attentaomd other clinical staff in professional soccer.

should be paid to knee flexors where we found strength

asymmetry in 51.2 % of the tested players at the lowest velocity

and in 41.5 % at the highest velocity. The non-dominant imACKNOWLEDGEMENTS

also deserves increased attention because its ipsilateral ratio

was lower at each velocity compared to the dominant limb

and strength asymmetries also achieved a higher percentage This research was supported by GACR 16-21791S,
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MALY, T.; ZAHALKA, F. & MALA, L.  Asimetria de fuerzas unilateral e ipsilateral en jugadores de fitbol de elite juveniles con
respecto al grupo muscular y a la dominancia de miemibtosd. Morphol., 34(4)1339-1344, 2016.

RESUMEN: El objetivo de este estudio fue identificar la presencia de asimetria de fuerzas (AF) en jévenes jugadores de futbol
de élite en relacion con el grupo de musculos extensores de la rodilla (ER) y flexores (FR) y la preferencia de los miemimos (m
dominante frente al miembro no dominante). Participaron en este estudio 41 jugadores sub-16 del equipo nacional de rideocd (edad
de 15,#0,3 afios; altura 177196,6 cm; peso corporal 6&72,9 kg). Las evaluaciones se llevaron a cabo en un dinamémetro isocinético
Cybex Humac Norm en contraccion concéntrica. Se registro el grado de AF en la relacion bilateral de los musculos cudglriceps vy |
tendones y en la relacion ipsilateral del miembro dominante (MD) y el miembro no dominante (MND). Los déficits bilatenales fuer
mas altos en FR (9,02 a 12,61 %) que en ER (6,32-7,15 %). El porcentaje de AF (> 10 %) en los mUsculos extensoresfde tierodilla
19,5 a 31,7 %. El porcentaje de AF (> 10 %) en los musculos flexores de la rodilla fue de 36,6 a 51,2 %. A la velocidadatdia baj
una mayor prevalencia de AF en FR que en BR=(4.11, p <0,05). La relacion ipsilateral fue la mas baja a la velocidad mas baja,
independientemente de la dominancia de los miembros (MD: 58,95 a 63,27 %, MND: 56, 58-60, 11 %). En cada velocidadjes! porcenta
de AF fue mayor para el miembro no dominante (12,2 a 24,4 %) que para el miembro dominante (4,9 a 14,6 %). A pesar de estas
diferencias, no hemos encontrado ningun prevalencia significativamente mayor de AF en el miembro no dominante en comparacion al
miembro dominantexf = 0,35 a 2,04, p> 0,05). Los resultados del estudio sugieren que mas de 73,2 % de los jugadores tienen al menos
una AF. Mas se debe prestar atencion a los musculos flexores de la rodilla, donde se observé un mayor porcentaje edasinastria d
Por otra parte, un mayor porcentaje de asimetria de fuerzas se observé en el miembro inferior no dominante.

PALABRAS CLAVE: Fuerza muscular; Asimetria de fuerzas; Evaluacién isocinética; Futbol; Prevencion de lesiones.
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