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It has been documented that eccentric muscle 
training is a very important stimulus for the lon-
gitudinal adaptation of the muscles. In particular, 
fiber length has a profound effect on muscle ex-
cursion range, maximum shortening velocity and 
maximum muscle power [1]. The magnitude of 
the muscle fiber lengthening during the eccen-
tric training may be an important parameter for 
the effectivity of the longitudinal adaptation. Due 
to tendon compliance, elongation of the whole 
muscle tendon unit (MTU) does not provide accu-
rate information on the level of the muscle fibers. 
Therefore the assessment of the fiber length dur-
ing eccentric contractions can be very important 
for the development of effective training inter-
ventions.

Hence the present study investigated the mus-
cle fiber behavior of the vastus lateralis (VL) dur-
ing an eccentric contraction in humans, by di-
rectly measuring the changes of fascicle length 
with ultrasonography in vivo. The tasks of differ-
ent force levels with 65% and 95% of maximal 
voluntary contraction (MVC) were compared.
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For statistical analysis 6 repetitions for each sub-
ject- and force level (65% and 95%) were select-
ed. Time and moment data were normalized, to 
movement duration and MVC values.

There were no statistical differences in the knee 
angle characteristics between both force levels.

Fig. 4: Mean and SD of relative fascicle length at the two differ-
ent force levels. SD is labeled in one direction only, to improve 
readability (* p<0.05). 

Methods

Fig. 1: Test environment, with Vicon marker (1), Biodex system 
(2) and Ultrasound probe (3).

The moment curves showed a similar shape 
on both force levels, but the magnitudes of mo-
ments were statistical significant (p<0.05) (fig-
ure 3).

The mean and standard deviation (SD) of fasci-
cle elongation at the 65% and 95% of MVC were 
42.71±8.54mm and 39.11±10.64mm respectively 
and did not show any statistically significant dif-
ference. The relative fascicle elongation (l/lstart) 
showed a similar behavior (figure 4). 

The fascicle length was increasing during the 
knee flexion, but not linear. At the beginning of 
movement both curves (figure 4) showed a pla-
teau or decrease in fascicle length until approx. 
15% of the movement cycle despite of a length-
ening of the muscle tendon unit. Thereafter the 
fascicle length increased until the end of move-
ment. The relative fascicle length at the 65% 
condition was slightly higher than at the 95%, 
between 45% and 68% of motion. However no 
significant differences between both conditions 
could be found over the whole range of motion  
(figure 4). It should be mentioned that four sub-
jects showed a small decrease in fascicle length 
at the beginning of movement, but three, showed 
a plateau. This was observable in both force con-
ditions.
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One 10cm linear array ultrasound probe (Es-
aote) was used to visualize the fascicle length of 
the VL muscle in vivo [2,3]. To determine the fas-
cicle length, the analysis of the ultrasound images 
was done, using custom MATLAB (Mathworks) 
software. The upper and deeper aponeuroses 
were digitized by tracking three points along 
these structures, which are then interpolated us-
ing cubic splines. Aponeuroses extrapolation be-
yond the field of view is performed in a linear 
manner. To determine the initial fascicle orienta-
tion clearly visible fascicle fragments in the best 
frame were digitized as straight lines. The initial 
fascicle length was then calculated as line integral 
between the deeper and upper aponeuroses (fig-
ure 2). Fascicle length was automatically tracked, 
frame by frame, over the entire ultrasound video.

Seven sport students participated in the study, 
their body mass was 79.7±22.7kg. All subjects per-
formed eccentric knee contractions (Knee angle 
25°-100°, angular velocity 90°/s) at 65% and 95% 
of their MVC, on one leg. Although the knee joint 
axis and the axis of the dynamometer were care-
fully aligned, the knee joint changed its position. 
This migth have a significant influence on the re-
sultant joint moments [3]. Therefore the knee and 
hip joint angles and their position were monitored, 
using a motion analysis system (Vicon 624). Re-
flective Vicon markers were placed on anatomical 
landmarks according to Arampatzis et al. (2004)
[5]. Figure 1 shows the experimental setup.

The exerted moments measured by the dyna-
mometer were synchronously registered to the 
kinematics by the Vicon system at a sampling 
rate of 1000Hz. The resultant moments around 
the knee joint were calculated according to Ar-
ampatzis et al. (2004) [5].
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Fig. 2: Ultrasound picture of VL, with deeper and upper aponeu-
rosis (red lines) and initial fascicle orientation (yellow line). 

*

Fig. 3: Mean and SD of knee angle (top) and moment (bottom) 
at two different force conditions. SD is labeled in one direction 
only, to improve readability. 
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