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INTRODUCTION 
Tendon serves as an elastic linkage between bone and muscle. 
Therefore, dynamic interaction between muscle and tendon 
influences functions of the muscle itself and the muscle-
tendon complex as a whole [1]. 
 
Tendon is adaptable to mechanical loading conditions by 
altering their structural and mechanical characteristics [2]. For 
human, it has been of interests to scientists what types of 
training modality is most effective to enhance tendon 
characteristics. It has been reported that 10 weeks of ballistic 
stretching exercise led to a decrease of tendon stiffness [3]. On 
the other hand, other studies using isometric, concentric and 
eccentric exercise modes showed an increase in tendon 
stiffness after a prolonged exercise period (> 7 weeks) [4-8]. 
 
A number of authors have noted that effect of eccentric 
exercise is more efficient than other types of mechanical 
loading as eccentric exercise lead to more hypertrophy and 
strengthen [9-11]. Despite the reports on the long term effect 
of muscle-tendon unit to eccentric exercise, no data are 
currently available what changes in tendon occurs right after 
eccentric exercise. Hence, eccentric exercise has shown 
positive results, yet the underlying mechanism(s) remains 
unknown. Therefore, the aim of the present study was, as a 
starting point, to investigate acute changes in tendon 
properties following a single bout of maximum voluntary 
eccentric exercise. 
 
 
METHODS 
Nine healthy male volunteers (age: 27.1±2.1years, height: 
176.9±5.3cm, weight: 77.3±9.0kg, mean±standard deviation) 
were recruited. We excluded who had experienced in a regular 
exercise or those who routinely performed a weight-training 
program within the past 3 months. 
 
The subjects completed a session of 120 maximum eccentric 
ankle plantarflexions (10deg/s; 12 repetition x 10 sets; 30 sec 
rest following each set). Before and immediately after the 
eccentric training, all subjects were evaluated for ankle 
dorsiflexor torque and stiffness of the tibialis anterior 
aponeurosis. A dynamometer (CON-TREXⓇ Multi Joint 
Testing Module, Switzerland) was used to determine ankle 
joint torque and angle during maximum isometric dorsiflexion. 

The ankle joint torque (TQ) measured where the sole of the 
foot being perpendicular to the tibia. Torque was converted to 
tendon force (Ft) by the following equation: 
 

Ft = TQ·MA-1 

 
MA is the moment arm length of the tibialis anterior at the 
ankle joint at an angle of 0 degree [13]. 
 
Ultrasound equipment (α10 Premier, Aloka Japan) with a 
linear array probe (UST-5712, Aloka, Japan) was used to 
visualize the aponeurosis of the tibialis anterior. To measure 
the elongation of the tendon, the probe was placed over the 
proximal part of the tibialis anterior. The elongation measured 
at the deep fascicle-aponeurosis junction. 
 
In the presence study, the Ft and elongation length values 
above 50% MVCPost (Post exercise maximal voluntary 
contraction) were fitted to linear regression equation, the slope 
of which was adopted as an index of the stiffness [14]. 
 
Changes in stiffness of the tibilais anterior aponeurosis before 
and after the eccentric exercise were compared using a 
Wilcoxon test at a significant level of a = .05. 

 
 

RESULTS AND DISCUSSION 
In the present study, it was observed that stiffness of the 
tibialis anterior aponeurosis decreased 14 (± 8) % immediately 
after eccentric exercise (p < .05) (Figure. 1 and Table 1). 
In respect to long term effect of tendon stiffness following 
eccentric training, significant increase in gastrocnemius 
tendon stiffness was reported as a result of 7 weeks of 
resistance exercise [8]. It suggests that structural adaptation 
controls mechanical properties of tendon, and thus induces an 
increase in tendon stiffness [8]. In addition, it was reported 
that both tendon CSA and stiffness increased in knee extensor 
as a result of resistance exercise [15]. On the other hand, an 
increase in tendon stiffness without change in the tendon CSA 
was shown as a result of isotonic and isometric knee extension 
exercise [7, 16]. Also, during the habitual exercise, no 
significant changes in the tendon CSA were found [17]. 
Although we did not measure tendon CSA, assuming no acute 
change in the CSA of the tibilais anterior aponeurosis, it seems 
the observed decreases in the tendon stiffness may result from 



intrinsic structural changes, rather than changes in the tendon 
CSA.  
 

 
Figure 1: Muscle force-elongation of tibialis anterior 
aponeurosis before and after the eccentric exercise. 

 
 
 
Table 1. Tendon stiffness during isometric contraction 

  
Pre(N/mm) 

 
Post(N/mm) 

Differences 
between  

pre and post(%) 
Subject 1 75.4 64.8 14.0 
Subject 2 76.0 65.1 14.3 
Subject 3 67.0 56.5 15.7 
Subject 4 88.4 68.8 22.1 
Subject 5 64.2 63.0 1.7 
Subject 6 47.1 45.5 3.4 
Subject 7 167.8 124.1 26.1 
Subject 8 115.4 96.2 16.6 
Subject 9 85.9 74.0 13.9 

mean 87.4 73.1* 14.2 
S.E.M. 35.56 23.52 7.78 

*p < 0.05 
 
 

CONCLUSIONS 
The current study showed that a single bout of eccentric 
exercise decreased the tendon structure stiffness. It is different 
result to long term effect of eccentric exercise. Therefore, it is 
necessary to investigate changes in muscle and tendon 
properties during eccentric exercise over the period of exercise 
for further understanding of tendon adaptation to exercise.  
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