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TARGET AUDIENCE:  
Researchers interested in analysis of the skeletal muscle function using MRI, especially transverse relaxation, 
perfusion, and diffusion analyses of the lower-leg muscle.  
PURPOSE: 
 Transverse relaxation rate (R2), blood flow (MBF), and 
water diffusion of the lower-leg muscle under stress such as 
plantar flexion exercise are useful to assess the muscle 
functions.1-3 However, it is difficult to obtain all of them at 
one examination because skeletal muscle function after 
exercise changes quickly. Therefore, to simultaneously 
acquire information on R2, MBF, and restricted water 
diffusion in the lower leg under stress, we devised a method 
using spin-echo diffusion echo-planar imaging 
(SE-diffusion-EPI) with different echo times (TE), and 
compared these values before and after the exercise. 
METHODS:  
On a 3.0-T MRI, we obtained transverse diffusion-weighted 
images of the lower leg using SE-diffusion-EPI before and 
after plantar flexion exercise at one time per second for one 
minute in healthy volunteers (n=12). The SE-diffusion-EPI 
was consecutively performed using TE of 39.2 ms with b 
value of 0 s/mm2, and TE of 61.2 ms with b values of 0 to 800 
s/mm2 (0, 10, 30, 50, 100, 200, 300, 400, 500, 600, 700, and 
800 s/mm2). We then calculated R2 from different TE images 
with b value of 0 s/mm2 in each lower-leg muscle. Moreover, 
we also calculated the restricted diffusion coefficient (ADCr), 
perfusion-related diffusion coefficient (ADCP: corresponding 
to MBF3), and its fraction (Fp) from biexponential signal 
decay curves in each muscle.  
RESULTS AND DISCCUSSION:  
R2, ADCr, ADCP, and Fp of the tibialis anterior of the 
lower-leg muscle after the exercise were significantly higher 
than those before the exercise (Table 1, Fig. 1). On the other 
hand, there was no significant correlation among R2, ADCr, 
ADCP, and Fp of the tibialis anterior (Table 2). This result 
indicates that these values do not necessarily yield the same 
kind of information and are independent. 
CONCLUSION: 
 Our method makes it possible to simultaneously obtain R2, 
MBF, and restricted water diffusion in lower leg under stress, 
thereby increasing amount of the muscle functional 
information. 
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Table 2 Relations among R2, ADCr, ADCP, and 
Fp of the tibialis anterior before and after exercise 
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Fig. 1 Typical examples R2, ADCr, ADCP, and Fp 
maps of the lower-leg before and after exercise. 
*: tibialis anterior. 
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Table 1 R2, ADCr, ADCP, and Fp of the tibialis 
anterior before and after exercise  
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