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ABSTRACT

Background: In clinical situation, eccentric calf muscle training shows positive 

results in patients with Achilles tendinopathy.  However, the effect of eccentric calf 

muscle training on tendon adaptation was inconclusive. Objective: To investigate the 

effects of eccentric muscle training on Achilles tendon adaptation of healthy persons.  

Methods: This study included fourteen healthy participants (3 men and 11 women; 

mean age 22.3 ± 2.7 years).  Eccentric heel drop exercise was performed 5 days/week, 

for 6 weeks.  Measurements of maximal voluntary isometric contraction (MVC) of 

plantar flexor muscles, tendon displacement by using ultrasonography at 25%, 50%, 

75% and 100% MVC, tendon moment arm by using magnetic resonance imaging, and 

calculation of tendon force and tendon stiffness were performed before and after 

training.  Wilcoxon Signed-Ranks test was used to compare pre- and post-training and 

compare the eccentric leg and control leg.  Results: Our findings reveal that MVC, 

tendon force and tendon stiffness were significantly increased after eccentric training 

(MVC; pre: 34.9 ± 2.9 Nm, post: 55.0 ± 4.1 Nm (p = 0.001), tendon force; pre: 



v

787.7± 51.1 N, post: 1242.2 ± 69.1 N (p = 0.001), tendon stiffness; pre: 180.7 ± 32.9 

Nmm-1, post: 379.2 ± 41.5 Nmm-1 (p = 0.008).  The eccentric training also results in a 

significant decrease of tendon displacement at all levels of force (p < 0.02).  Similar 

results to eccentric training leg, these results in control leg show that MVC and 

tendon force also increase after training (p < 0.006) but tendon stiffness did not 

significantly vary after 6 weeks. No significant difference in tendon moment arm was 

found in both conditions either when compared pre- and post-training or when 

compared the changes in pre- and post-training values (p > 0.05). Conclusion:  

Eccentric training induces change in the tendon which is supported by an increase in 

its mechanical properties.  This may reduce and prevent the risk of tendon injury in 

young people and athletes. 

Key words: Eccentric muscle training, Achilles tendon adaptation, Tendon stiffness, 

Ultrasonography, Magnetic Resonance Imaging 
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