Functional imaging of muscle fiber contraction
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This study tested the hypothesis that single muscle contraction can be visualized using diffusion-
weighted magnetic resonance imaging (DWTI). Muscular contraction is caused by the sliding of actin
and myosin filaments into each other. This sliding may cause movement in the water molecules sur-
rounding these filaments. DWI is sensitive to the random motion of these water molecules and may
detect skeletal muscle contraction by detecting the intravoxel incoherent motion of the water mole-
cules in the muscle. DWI is also sensitive to material strain resulting from tissue deformation. Since
skeletal muscle tissues cause material strain during isotonic contraction, DWI may be able to visual-
ize isotonic contraction.

Seven healthy volunteers were examined in the study. A single-shot dynamic DW-EPI was per-
formed. After resting, the middle finger was extended slowly. This is regarded as isotonic contrac-
tion. Subsequently, extension of the middle finger was maintained. This is regarded as isometric con-
traction. The signal intensity of DWI in the muscle was specifically and drastically decreased only
during isotonic muscle contraction. In contrast, the signal intensity in the muscle during isometric
contraction was close to that at rest. The temporal reduction in DWTI intensity during isotonic muscle
contraction may be caused by incoherent movement of the water molecules within the muscle tissue
associated with tissue deformation.
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