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Resumen

Introducción: El torque máximo isocinético es uno de los métodos más comúnmente aplicados para evaluar la fuerza 
muscular de las extremidades inferiores en el futbol. Se han empleado índices de fuerza de la rodilla extensivamente para 
identificar posibles factores de riesgo para lesiones como desgarros de la musculatura isquiotibial o la ruptura del ligamento 
cruzado anterior.
Hay estudios previos que describen el perfil isocinético en distintas poblaciones y hay pocas en población latinoamericana. 
El objetivo de este estudio es describir el perfil isocinético y los índices de fuerza en una población de jugadores de soccer 
de un equipo profesional mexicano.
Metodología: Es un estudio observacional, retrospectivo y analítico. Se midió el torque máximo con una velocidad angular 
de 60°/s en 375 futbolistas profesionales de 1°, 2° y 3° división del 2010 al 2015 en el Departamento de Medicina del Deporte 
y Rehabilitación del Hospital Universitario “Dr. José Eleuterio González”, Monterrey Nuevo León, México.
Resultados: Los resultados recabados fueron generales, clinimetria y parámetros isocinéticos. Los torques máximos fueron 
catalogados por grupo en jugadores lesionados y no lesionados de acuerdo a la división: 1°(n=142), 2° (n=86) y 3° (n=147). A 
partir de estos se obtuvieron los índices de fuerza isocinética de cada uno de los jugadores existiendo diferencias antropo-
métricas, en los índices unilateral y bilateral de rodilla, entre cada categoría, y más aún en jugadores con lesiones. 
Es importante tener parámetros isocinéticos e identificar jugadores en riesgo según su categoría ya que esto aportar datos 
de referencia para futuras valoraciones en los jugadores profesionales de soccer y pueden ser utilizados para categorizar la 
función muscular como normal o con riesgo de lesión.
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Summary

Introduction: The maximum isokinetic torque is one of the most commonly applied methods to assess the muscle strength 
of the lower extremities in soccer. Knee force indices have been used extensively to identify possible risk factors for injuries 
such as torn hamstring muscles or rupture of the anterior cruciate ligament.
There are previous studies that describe the isokinetic profile in different populations and there are few in Latin American 
population. The objective of this study is to describe the isokinetic profile and strength indices in a population of soccer 
players from a professional Mexican team.
Methodology: This is an observational, retrospective, analytical study. The maximum torque was measured with an angular 
velocity of 60°/s in 375 professional soccer players from 1st, 2nd and 3rd division from 2010 to 2015 in the Department of 
Sports Medicine and Rehabilitation of the “Dr. José Eleuterio González” University Hospital, Monterrey Nuevo León, Mexico.
Results: The results obtained were general, clinimetry and isokinetic parameters. The maximum torque was cataloged by 
group in injured and non-injured players according to the division: 1st (n = 142), 2nd (n = 86) and 3rd (n = 147). From these, 
the isokinetic strength indices of each of the players were obtained, observing anthropometric differences, in the unilateral 
and bilateral knee indices, between each category, and even more so in players with injuries.
It is important to have isokinetic parameters and identify at-risk players according to their category as this will provide 
reference data for future assessments of professional soccer players and they can be used to categorize muscle function as 
normal or at risk of injury.
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Introduction

Soccer is considered the most popular sport in the world with 270 
million people actively involved in the sport1. Physiologically, soccer 
is characterized by a high intensity and intermittent exercise2–4 where 
basic motor skills and specific technical abilities of the players must 
be constantly adapted to the internal and external variables that are 
modified during the game period5. This is why it is essential to identify 
the aspects that comprise general physical performance and then 
examine these individually in each game position as well as establish 
injury prevention measures6.

Isokinetic strength assessment tests are probably the most fre-
quently used tools for estimating muscle function in the physical-sports 
field7. Assessment of maximum isokinetic torque is a method that is 
commonly applied to assess lower limb muscle strength in soccer8,9.

From this, knee force indices have been extensively used in sports 
medicine to identify possible risk factors for injuries such as hamstring 
muscle tears10 or rupture of the anterior cruciate ligament (ACL)11, as 
well as to monitor the effectiveness of rehabilitation programs in soccer 
players and determine if an athlete can safely return to the game7,12. 

Bilateral strength indices have been used more often because of 
the relationship between maximum strength of the dominant and 
nondominant leg13. It has been found that the bilateral strength index 
of concentric knee flexion is able to distinguish people with hamstring 
and/or ACL14 pathology and healthy individuals15. An asymmetry of less 
than 10% in the bilateral index at an angular velocity of 60°/s was able 
to identify non-injured players with a probability of 90.1%16.

The unilateral strength index is calculated as the quotient of the 
moment or peak maximum force of the flexor muscle and the extensor 
muscle of the knee measured during concentric contractions.16  An index 
less than 0.50-0.60 has been associated with a significant increase of 
17-times the probability of suffering lesions of the ACL and hamstring 
tears13,17.

There are previous studies that describe the isokinetic profile 
in different populations and few studies that describe this in Latin 
American populations. The objective of this study is to describe the 
isokinetic profile and strength indices in a population of professional 
Mexican soccer players.

Material and method

Design

The studied population includes a retrospective analysis of 375 
isokinetic tests of professional soccer players recognized by the 
Mexican Football Federation and evaluated annually by a protocol of 
the Department of Medicine, Sports and Rehabilitation of the UANL 
University Hospital in Monterrey, Mexico from 2010 to 2015. The study 
was previously approved by the Ethics in Research Committee of the 
institution with registration number MD16-00001. Medical files of first, 
second and third division players, regardless of age, were included. Files 
that did not have the collected data or studies with a variation coefficient 
greater than 12% were excluded18,19.

Test

Isokinetic tests were performed on a Biodex Multijoint System 4 
(Shirley NY, Biodex Medical Systems, Inc.) with a maximal concentric 
stress isokinetic test. The patient was in a sitting position and move-
ment arcs were established individually according to the anatomical 
characteristics of each player with five repetitions of extension and 
knee flexion executed at an angular velocity of 60°/s. The players were 
instructed to work with as much force as possible in both directions of 
movement, performed bilaterally, to compare the difference in strength 
between the two legs, starting with the dominant leg, after at least five 
minutes of warm-up on the static bicycle and some movements on the 
dynamometer to get used to the dynamics of the test. Trunk flexibility 
was assessed with the “Sit and Reach” test. The equipment automatica-
lly analyzed the torque peaks of the 5 repetitions in both flexion and 
extension of both knees; gravity corrections were made for the results 
obtained in the isokinetic tests.

Data collection

The data collected from each record were general (category, age), 
clinical (weight, height, flexibility) and isokinetic (peak torque of knee 
flexors and extensors of both legs) at an angular velocity of 60°/s.

The bilateral strength index was calculated as the difference bet-
ween the peak torque of the knee flexors for both extremities, expressed 
as a percentage deficit, using the dominant leg or the uninjured leg as 
a reference. 

The unilateral strength index was calculated as the quotient bet-
ween the peak torque of the flexor muscles and the peak torque of the 
extensor muscles, expressed as the quotient of each one of the legs.

Players with a prior injury of the ACL or a lesion of the hamstring 
muscles were included in this work.

Statistical Analysis 

Descriptive statistics were performed for all variables. The distri-
bution of the numerical variables was verified with the Kolmogorov-
Smirnov normality test finding that all variables followed a parametric 
distribution, which is why they were reported as means and standard 
deviation.

Results

A total of 375 medical records were included and classified ac-
cording to the participant´s clinical characteristics as injured and non-
injured. Players with injuries were older in the first and third division. 
All injured players had a lower weight and height in all three divisions. 
Flexibility was greater according to division; the higher the division, the 
greater the flexibility (Table 1).

Regarding isokinetic tests, players without injuries had greater flexor 
and extensor strength. Flexor strength, which is related to hamstring 
injuries, was close to 100 N.m for injured players. Second division players 
had a better flexor and extensor strength profile than first and third 
division players (Table 2).
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Results of the bilateral isokinetic strength index were less than 12% 
in non-injured players in the three divisions. In contrast, the bilateral 
index was increased in first and second division and only slightly above 
12% in third division. The best results regarding the left and right unila-
teral indices (<0.6) were found in the first division (Table 3).

Discussion

General and clinical

The age of the population is similar to the age of other professional 
soccer team players. The mean height found in both groups was lower 
than in another Latin population studied, Brazil20,21, and European po-
pulations, such as England22, Spain23 and Poland24; however, it is similar 
to population from the Middle East, such as Qatar25, Saudi Arabia26, and 
the United Arab Emirates27.

The mean weight in both groups was lower than that reported in 
populations such as Brazil, Poland, and England9,21,23. This variation seems 
to be in agreement with ethnic variants. Mean flexibility was lower than 
in other populations also measured by the sit and reach test, such as 
Irish28 and Chinese population29.

Isokinetics

In this study, the isokinetic strength of knee extension and flexion 
was greater in elite players with a more variable pattern in the category 
of second division. Although there is literature available to compare the 
differences in strength in the different soccer categories, this is limited, 
and methodological differences make it difficult to analyze this when 
they are compared by position9,30.

The results of this study indicate that in general, the isokinetic 
profiles of knee extension and flexion strength of the players of the 
three categories are lower than in other elite football populations and 
the junior elite of the Belgian league31. French elite soccer players and 
amateurs32 showed higher absolute maximum torque peak values at 
60°/s. There are studies that have reported values that may explain the 
apparent reduction in absolute strength due to a lower body mass25.

In the unilateral isokinetic index, significantly lower values were ob-
served when comparing the first against the second and third division. 
This could be explained by greater experience with better muscle stren-
gth parameters. These proportional differences have been demonstrated 
with age and in the knee flexor-extensor muscle strength in young and 
adult soccer players with isokinetic torque peaks increased with age 
and professional level15,33. Imbalances of muscle strength in the knee 
joint, measured by the quadriceps/hamstring ratio, are a predisposing 
factor for hamstring strain injuries and are related to joint stability34,35.

The index between the flexor and extensor muscles is an indicator 
of the functionality of the knee joint. This means that values below 
0.50 at an angular velocity of 60°/s indicate a discrepancy between 
muscle capacity and risk of injury. When the extensor muscles exert a 
disproportionate force on the flexor muscles, this will cause excessive 
work of the tibia on the femur during dynamic activities, and the ACL 
will have excessive tension21. Therefore, if the flexor muscles are weak, 
to neutralize the excessive force, the ACL will have a greater chance of 
rupture36–38. The results show a difference in the unilateral index, the 
best results, close to 0.60, decrease by soccer category and even more in 
players with a history of injury, thus, it is a good marker of discrimination.

The imbalance found in the bilateral index shows a pattern con-
sistent with the literature where the highest value of this imbalance in 
players without an injury does not exceed 12%39,40. When the muscle 
forces of the flexors of the dominant leg against the non-dominant 

Table 1. General, clinical y flexibility characteristics.

Players Age,  Weight, Height, Trunk 
  years kg cm flexibility, cm

1st division    

Non injured, n=114 25.1 ± 3.8 75.5 ± 8.4 178.4 ± 7.4 11.53 ± 6.3
Injured, n=28 28 ± 4.1 70.2 ± 6.9 174.4 ± 6.9 9.8 ± 5.6

2nd division    

Non injured, n=67 18 ± 1.1 69.5 ± 7.0  176.5 ± 6.1 11.26 ± 4.9
Injured, n=19 17.7 ± 1.1 66.3 ± 6.9 174.1 ± 5.0 10.6 ± 5.2

3rd division    

Non injured, n=133 15.7 ± 1.0 66 ± 6.6 176 ± 6.6 9.68 ± 5.8
Injured, n=14 16.3 ± 1.3 62.8 ± 6.6 174 ± 4.5 6.7 ± 7.0

Values are means ± standard deviation.

Table 2. Bilateral peak torque strength of knee flexors and 
extensors.

Variable PRET, N•m PLET, N PRFT, N•m PLFT, N•m

1st division    
Non injured,  208.93 ± 40.5 207.9 ± 35.9 123.67 ± 29.6 120.84 ± 26.2 
n=114 
Injured,  196.1 ± 43.2 185.25 ± 39.3 110.22 ± 30 100.17 ± 29.6 
n=28 

2nd division    
Non injured,  219.57 ± 40.2 212.46 ± 34.8 124.91 ± 26.7 119.77 ± 20.6 
n=67 
Injured,  196.3 ± 40.3 201.87 ± 40.7 115.99 ± 30.1 109 ± 25.7 
n=19 

3rd division    
Non injured,  191.15 ± 37.5 190.55 ± 34.3 105.61 ± 22.2 102.54 ± 23.4 
n=133 
Injured,  166.8 ± 27.1 163.48 ± 24.7 98.51 ± 18.9 89.45 ± 17.5 
n=14 

Values are means ± SD (standard deviation). 
PRET: Peak right extensor torque; PLET: Peak left extensor torque; PRFT: Peak right flexor 
torque; PLFT: Peak left flexor torque; N•m: Newton meter.

Table 3. Isokinetic strength indices according to category.

Variable Bilateral Unilateral Unilateral 
  index  index right index left 

1st division   
Non-injured 11.14 ± 9.89 0.598 ± 0.12 0.585 ± 0.10
Injured 15.65 ± 13.12 0.564 ± 0.10 0.536 ± 0.08

2nd division   
Non-injured 11.46 ± 9.86 0.577 ± 0.11 0.569 ± 0.08
Injured 14.27 ± 10.66 0.538 ± 0.11 0.544 ± 0.10

3rd division   
Non-injured 11.54 ± 8.37 0.558 ± 0.09 0.541 ± 0.09
Injured 12.12 ± 8.14 0.50 ± 0.08 0.541 ± 0.12

Values are means ± SD (standard deviation).
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leg are compared, this same index is increased almost 0.4% more in 
those players with apparent injuries. Compared with other studies, the 
results showed that the normality point or reference value of 12.5% of 
bilateral imbalance expressed by the FR/FRCON60 index41 (sensitivity 
and specificity, 0.73 and 0.80, respectively), is more important for the 
detection of a previous injury in the hamstring musculature in soccer 
players, with this being consistent with the results obtained. Naturally, 
muscle strength disorders cannot explain all hamstring injuries; persis-
tent disorders in various players do not significantly correlate with the 
presence of bilateral index imbalances42.

Intrinsic and extrinsic factors have been described that contribute 
to the risk of lesions of the ACL and the hamstring muscles. Importance 
has been given to those that are related to muscular force imbalances. 
A significant difference between the agonist and antagonist groups of 
the knee joint entails risk and rapid identification for injury prevention. 
The most difficult task will be that the agonist and antagonist muscles 
should be trained correctly because it is complicated to make an ac-
curate assessment of each muscle group. This ironically leads strength 
training to a muscular imbalance, and this in turn, to sports injuries.

Conflict of interest

The authors do not declare a conflict of interest.

Bibliography
 1. Fifa. FIFA: Big Count 2006 - Comparison 2006 – 2000. FIFA Commun Div Inf Serv. 2007;1-

12. 

 2. Hoy K, Lindblad BE, Terkelsen CJ. European soccer injuries: A prospective epidemiologic 
and socioeconomic study. Am J Sports Med. 1992;20(3):318-22. 

 3. Inklaar H. Soccer Injuries: I: Incidence and Severity. Sport Med. 1994;18(1):55-73. 

 4. Lees A, Nolan L. The biomechanics of soccer: A review. J Sport Sci. 1998;16(3):211-34. 

 5. Renda J. Evaluación de la aptitud física en jugadores de fútbol del ISEF no1 “Dr. Enrique 
Romero Brest.” ReCAD. 2012;5:1-12. 

 6. de Hoyo M, Naranjo J, Carrascoa L BS. Revisión sobre la lesión de la musculatura 
isquiotibial en el deporte: factores de riesgo y estrategias para su prevención. Rev 
Andal Med Deport. 2011;4(4):158-66. 

 7. Ayala F, Sainz de Baranda P, de Ste Croix M, Santonja F. Validez y fiabilidad de los ratios 
de fuerza isocinetica para la estimacion de desequilibrios musculares. Apunt Med 
l’Esport. 2012;47(176):131-42. 

 8. Tlatoa Ramirez HM. Torque máximo absoluto e índice convencional isocinético de 
rodilla en futbolistas profesionales del 2007 al 2012. Rev Med e Investig. 2014;2(2):154-62. 

 9. Śliwowski R, Grygorowicz M, Hojszyk R, Jadczak Ł. The isokinetic strength profile of 
elite soccer players according to playing position. PLoS One. 2017;12(7):1-13. 

 10. Croisier JL. Factors Associated with Recurrent Hamstring Injuries. Sport Med. 2004; 
17(5):681-95. 

 11. Daneshjoo A, Rahnama N, Mokhtar AH, Yusof A. Bilateral and unilateral asymmetries 
of isokinetic strength and flexibility in male young professional soccer players. J Hum 
Kinet. 2013;36:45-53. 

 12. Kannus P. Isokinetic evaluation of muscular performance: implication for muscular 
testing and rehabilitation. Int J Sport Med. 1994;15(1):S11-8. 

 13. Orchard J, Marsden J, Lord S, Garlick D. Preseason hamstring muscle weakness 
associated with hamstring muscle injury in Australian footballers. AM J Sport MED. 
1997;25(1):81-5. 

 14. Yamamoto T. Relationship between hamstring strains and leg muscle strength. 
A follow- up study of collegiate track and field athletes. J Sports Med Phys Fitness. 
1993;33(2):194-9. 

 15. Dauty M, Potiron-Josse M, Rochcongar P. Consequences et prediction des lesions 
musculaires des ischiojambiers a partir des parametres isocinetiques concentri-
ques et excentriques du joueur de football professionnel. Ann Readapt Med Phys. 
2003;46(9):601-6. 

 16. Cabri JMH, Clarys JP. Isokinetic exercise in rehabilitation. Appl Ergon. 1991;22(5):295-8. 

 17. Heiser TM, Weber J, Sullivan G, Clare P, Jacobs RR. Prophylaxis and management 
of hamstring muscle injuries in intercollegiate football players. Am J Sports Med. 
1984;12:368-70. 

 18. Dvir Z. Isokinetic muscle testing: Reflections on future venues. Hong Kong Physiother 
J. 2000;18(2):41-6. 

 19. Simonsen JC. Coefficient of variation as a measure of subject effort. Arch Phys Med 
Rehabil. 1995;76(6):516-20. 

 20. Mazuquin BF, Pereira LM, Dias JM, Batista Junior JP, Silva MAC, Finatti ME, et al. Isokinetic 
evaluation of knee muscles in soccer players: discriminant analysis. Rev Bras Med do 
Esporte. 2015;21(5):364-8. 

 21. Santos-Silva PR, Pedrinelli A, Rubio Jaramillo DE, Dorileo CG, D’Andrea Greve JM. 
Evaluación isocinética de músculos flexores y extensores en jugadores de fútbol 
profesional antes de iniciar la fase de pretemporada. Rev Latinoam Cirugía Ortopédica. 
2016;1(2):54-7. 

 22. Chatard J, Cotte T. Isokinetic strength and sprint times in english premier league 
football players. Biol Sport. 2011;28(2):89-94. 

 23. Gorostiaga EM, Llodio I, Ibáñez J, Granados C, Navarro I, Ruesta M, et al. Differences in 
physical fitness among indoor and outdoor elite male soccer players. Eur J Appl Physiol. 
2009;106(4):483-91. 

 24. Robert Ś, Grygorowicz M, Hojszyk R, Jadczak Ł. The isokinetic strength profile of elite 
soccer players according to playing position. PLoS One. 2017;12(7):1-13. 

 25. Wik EH, Auliffe SM, Read PJ. Examination of Physical Characteristics and Positional 
Differences in Professional Soccer Players in Qatar. Sports. 2018;7(1):9. 

 26. Mosler AB, Weir A, Serner A, Agricola R, Eirale C, Farooq A, et al. Musculoskeletal 
Screening Tests and Bony Hip Morphology Cannot Identify Male Professional Soccer 
Players at Risk of Groin Injuries: A 2-Year Prospective Cohort Study. Am J Sports Med. 
2018;46(6):1294-305. 

 27. Magalhães Sales M, Vieira Browne RA, Yukio Asano R, Dos Reis Vieira Olher R, Vila Nova 
JF, Moraes, et al. Physical fitness and anthropometric characteristics in professional 
soccer players of the United Arab Emirates. Rev Andal Med Deport. 2014;7(3):106-10. 

 28. McIntyre MC. A comparison of the physiological profiles of elite Gaelic footballers, 
hurlers, and soccer players. Br J Sports Med. 2005;39(7):437-9. 

 29. Chin M, Frcp YSA Lo, Mcspt CTLM, Mphilt CHS. Hong Kong elite soccer. 1992;26(February 
2009):5-10. 

 30. Costa Silva JRL, Detanico D, Dal Pupo J, Freitas CR. Bilateral asymmetry of knee and 
ankle isokinetic torque in soccer players u20 category [Assimetria bilateral no torque 
isocinético do joelho e tornozelo em jogadores de futebol da categoria sub 20]. Rev 
Bras Cineantropometria e Desempenho Hum. 2015;17(2):195-204. 

 31. Lehance C, Binet J, Bury T, Croisier JL. Muscular strength, functional performances 
and injury risk in professional and junior elite soccer players. Scand J Med Sci Sport. 
2009;19(2):243-51. 

 32. Cometti G, Maffiuletti NA, Pousson M, Chatard JC, Maffulli N. Isokinetic strength and 
anaerobic power of elite, subelite and amateur French soccer players. Int J Sports Med. 
2001;22(1):45-51. 

 33. Gur H, Akova B, Punduk Z, Kucukoglu S. Effects of age on the reciprocal peak torque 
ratios during knee muscle contractions in elite soccer players. Scand J Med Sci Sports. 
1999;9(2):81-7. 

 34. Croisier JL, Forthomme B, Namurois MH, Vanderthommen M, Crielaard JM. Hamstring 
muscle strain recurrence and strength performance disorders. Am J Sports Med. 
2002;30(2):199-203. 

 35. Bogdanis GC, Kalapotharakos VI. Knee Extension Strength and Hamstrings-to-
Quadriceps Imbalances in Elite Soccer Players. Int J Sports Med. 2015;37(2):119-24. 

 36. Kellis S, Gerodimos V, Kellis E, Manou V. Bilateral isokinetic concentric and eccentric 
strength profiles of the knee extensors and flexors in young soccer players. Isokinet 
Exerc Sci. 2001;9(1):31-9. 

 37. Devan MR, Pescatello LS, Faghri P, Anderson J. A prospective study of overuse knee 
injuries among female athletes with muscle imbalances and structural abnormalities. 
J Athl Train. 2004;39(3):263-7. 

 38. Zakas A. Bilateral isokinetic peak torque of quadriceps and hamstring muscles in 
professional soccer players with dominance on one or both two sides. J Sports Med 
Phys Fitness. 2006;46(1):28-35. 

 39. Dauty M, Potiron-Josse M, Rochcongar P. Identification of previous hamstring muscle 
injury by isokinetic concentric and eccentric torque measurement in elite soccer 
player. Isokinet Exerc Sci. 2003;11(3):139-44. 

 40. Bennell K, Wajswelner H, Lew P, Schall-Riaucour A, Leslie S, Plant D, et al. Isokinetic 
strength testing does not predict hamstring injury in Australian Rules footballers. Br J 
Sports Med. 1998;32(4):309-14. 

 41. Houweling TAW, Head A, Hamzeh MA. Validity of isokinetic testing for previous ham-
string injury detection in soccer players. Isokinet Exerc Sci. 2009;17(4):213-20. 

 42. Croisier, J-L; Crielaard J-M. Hamstring muscle tear with recurrent complaints: An 
isokinetic profile. Isokinet Exerc Sci. 2000;8(3):175-80. 


