
Figure 1. Tracked muscle fiber bundles in the VL derived from a (left) 
STEAM acquisition and (right) from a TRSE acquisition. Tracking from 
STEAM acquisition produced greater coherence of the fiber bundles. 
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PURPOSE:  There is growing interest in using diffusion tensor imaging (DTI) to define muscle architecture.   However the many 

significant differences between muscle fiber bundles and axonal fiber bundles mean that DTI techniques optimized for imaging the 
brain do not translate easily to imaging muscle. Additionally, there have been few comparisons of DTI techniques in muscle and such 
comparisons are needed to better define the strengths and limitations of each imaging technique so that researchers and clinicians 
can apply the most appropriate for their needs. The purpose of this study was to compare stimulated echo (STEAM) and twice-
refocused spin-echo (TRSE) diffusion tensor imaging techniques for tracking muscle fiber bundles. 

METHODS: We imaged ten normal volunteers with an average age of 25±7 years (7 females & 3 males). The volunteers had a wide 

range of physical fitness levels from sedentary to high level athletes. The right leg of each volunteer was imaged on a Siemens 
MAGNETOM Trio using, as a receiver, a flexible body coil which was wrapped tightly around the subject’s thigh.  A single set of 
eleven slices each 6 mm thick was acquired using both a STEAM and a TRSE prototype sequences provided by the manufacturer. The 
gradient tables and diffusion weighting (b=500 s/mm2) were the same while the TR was 4000 and 3000 ms and the number of 
excitations was 3 and 4 respectively for the STEAM and TRSE so that both acquisitions took the same total time of 6:00 min.  

RESULTS: In the STEAM sequence we extended the mixing time (TM) to 185 ms thus minimizing both the width, δ, of the diffusion 

sensitizing gradients and, consequently, TE which was reduced to 36.4 ms. As only longitudinal signal decay occurs during TM and 
because for muscle T1>>T2 there was little signal loss during TM.  The TRSE sequence had a much longer TE=64.8 ms. The SNR from 
the STEAM acquisition was approximately 25% larger than in the TRSE images. The muscle fibers as measured by STEAM also had a 
significantly higher FA (0.30±0.04 vs. 0.23±0.03, p<0.001) and smaller axial and radial diffusivity. Using the diffusion tensor images 
derived from both acquisitions we tracked muscle fiber bundles starting from the aponeurosis. The average muscle pennation angle 
derived from STEAM and TRSE DTI techniques (16.4° vs. 15.3° p=0.27) was the same although the standard deviation of the 

pennation angle derived within a given subject from the 
STEAM sequence was significantly less than that derived 
from the TRSE  images (2.10±0.64° vs. 3.09±0.58°, p<0.001) 
indicating tracking from STEAM produced more coherent 
muscle fiber bundles.  Measurements of the axial and radial 
diffusivity as a function of TM demonstrated they 
decreased at different rates leading to an increase in FA 
with increasing TM. The suppression of the signal from fat 
(which can confound the measurement when it overlays 
the muscle of interest) was much higher in the STEAM 
acquisition indicating a secondary advantage for STEAM.  

DISCUSSION:  The structure of the STEAM sequence allowed a much shorter TE. This difference was sufficient to overcome the 

factor of two reduction in SNR from the acquisition of a stimulated echo. The combination of the larger SNR and the larger FA 
enabled tracking more muscle fiber bundles further and more accurately. The differences in FA, ADC and radial diffusivity were 
largely explained by the difference in diffusion time between the two techniques. 

CONCLUSION: The STEAM acquisition produced diffusion tensor weighted images which had much more favorable properties for 

tracking muscle fiber bundles and deriving parameters about muscle structure. These features will give STEAM greater sensitivity to 
detect changes in muscle fiber bundle structure as a result of injury and treatment. This will make STEAM the method of choice for 
translational studies. 
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