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Introduction
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● ACL injuries are among the most severe and frequent 
injuries in soccer.

● Understanding injury mechanisms and risk factors is 
essential for effective prevention.

● Gender-specific injury prevention programs may 
be required.



Objective
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To compare neuromuscular tensiomyographic (TMG) 
characteristics of the lower extremity in competitive male 
and female soccer players with ACL injury.



Methods
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● Cross-sectional, controlled, between-group 
comparative study.

● Sample: 84 competitive soccer players with ACL 
injury. 40 males + 44 females

● Bilateral TMG assessment of the lower limbs.



Results: Male Soccer Players
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Increased Tc in injured limb compared to healthy limb: 
VM, VL, RF, ST, BF.

No significant differences in Dm between limbs.



Results: Female Soccer Players
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● Increased Tc only in VL and RF.
● Significant increase in Dm in VL of injured limb.
● Persistent atrophy of VL suggested



Symmetry Index
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Between-limb symmetry index significantly lower (worse) 
in females vs males in:

● VM
● GM
● GL

Suggests prolonged recovery time in female players



Discussion
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● Males show greater neuromuscular alterations 
post-ACL injury across multiple muscles.

● Females present more localized alterations (VL, 
RF).

● Increased Dm in females indicates muscle atrophy, 
especially in VL.

● Muscle recovery asymmetry more pronounced in 
females.



Limitations & Future Research
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● Cross-sectional design limits causal inference.
● Future prospective studies required.
● Explore hormonal and biomechanical factors.
● Validate gender-specific rehabilitation protocols.



Clinical Implications
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● Gender differences in muscle response post-ACL 
injury.

● Rehabilitation programs should be gender-specific.
● Special focus on muscle asymmetries and recovery 

times in females.



Conclusion 
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● Male players display broader neuromuscular deficits 
post-ACL injury.

● Female players show persistent muscle atrophy and 
worse symmetry index.

● Rehabilitation and prevention programs should 
consider gender-specific adaptations to optimize 
outcomes in soccer players.



References 

13

● Van Melick N, et al. Evidence-based clinical practice update: practice guidelines for anterior cruciate ligament 
rehabilitation based on a systematic review and multidisciplinary consensus. Br J Sports Med. 2016 Dec;50(24):1506-15

● Gupta AS, et al. Sex-Based Differences in Anterior Cruciate Ligament Injuries Among United States High School Soccer 
Players: An Epidemiological Study. Orthop J Sports Med. 2020 May 28;8(5):2325967120919178.

● Alvarez-Diaz P, et al. Effects of anterior cruciate ligament injury on neuromuscular tensiomyographic characteristics of the 
lower extremity in competitive male soccer players. Knee Surg Sports TraumatolArthrosc. 2016 Jul;24(7):2264-70.

● Alentorn-Geli E,  et al. Prevention of non-contact anterior cruciate ligament injuries in soccer players. Part 1: Mechanisms 
of injury and underlying risk factors. Knee Surg Sports Traumatol Arthrosc. 2009 Jul;17(7):705-29.

● Bencke J, Aagaard P, Zebis MK. Muscle Activation During ACL Injury Risk Movements in Young Female Athletes: A 
Narrative Review. Front Physiol. 2018 May 15;9:445.

● Macgregor LJ, et al. Assessment of Skeletal Muscle Contractile Properties by Radial Displacement: The Case for 
Tensiomyography. Sports Med. 2018 Jul;48(7):1607-20

● Rodríguez-Matoso D, et al. Evaluación de la respuesta muscular como herramienta de control en el campo de la actividad 
física, la salud y el deporte. Revista Andaluza de Medicina del Deporte. 2012 Mar;5(1):28–40.

● Loturco I, et al. Muscle Contraction Velocity: A Suitable Approach to Analyze the Functional Adaptations in Elite Soccer 
Players. J Sports Sci Med. 2016 Aug 5;15(3):483- 91.

● Zebis MK, Bencke J, et al. The effects of neuromuscular training on knee joint motor control during sidecutting in female 
elite soccer and handball players. Clin J Sport Med. 2008 Jul;18(4):329-37

● Alvarez-Diaz P, et al. Comparison of tensiomyographic neuromuscular characteristics between muscles of the dominant 
and non-dominant lower extremity in male soccer players. Knee Surg Sports Traumatol Arthrosc. 2016 Jul;24(7):2259-63.


