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Introduction: ~ Abnormal skeletal muscle energetics and oxygen kinetics in vascular and metabolic disorders are often associated
with exercise intolerance (1) and other musculoskeletal (MSK) diseases (2, 3). Existing techniques such as muscle BOLD (blood
oxygen level dependent) functional MRI (mfMRI) (4) and near infrared spectroscopy (NIRS) lacks either the specificity or the
spatial/temporal resolution. Previously proposed MR-based MSK quantitative BOLD (gBOLD) technique (5) provided a
physiologically relevant assessment of the skeletal muscle oxygenation in the baseline state. However, the measurement during
isometric or dynamic muscle contraction is still inconclusive due to limited temporal resolution (~20 sec). To resolve rapid changes on
intracellular muscle water content and acidity, as well as separate changes on intra- and extra-vascular signal contribution during
mfMRI (6), single-voxel gBOLD technique will be used to investigate muscle hemodynamics during muscle exercise.

Methods: All experiments were performed on a 3T Siemens Trio scanner using standard 8-channel knee coil. Three healthy
volunteers were scanned in multiple sessions. Subjects were asked to perform isometric or dynamic dorsiflexion muscle contraction,
followed by muscle relaxation during recovery. For dynamic muscle exercise, subjects were instructed to synchronize the muscle
movement with MR acquisition. Two exercise protocols were used. The first was a 3 minutes maximal intensity exercise. The second
was 45 second exercise followed by 75 second relaxation. MR parameters for single voxel gBOLD acquisition were: fat saturation;

TR of 3 or 2.5 sec; bandwidth of 2000 Hz; spin echo at 70 ms (FID acquisition starts at 20 ms before SE); voxel size of 10x12x20
mm?. In addition to standard R2, R2', muscle frequency 1 T BOLDSignal R TYT—
shift Af, we measured changes in oxygen extraction ,
fraction (OEF) and deoxygenated blood volume (DBV)
during and after isometric or dynamic knee dorsiflexion.
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Muscle OEF increased (2 - 4%), followed by a post-exercise hyperemia (4 - 8%). During a short isometric exercise (45 s), DBV
increased two to three fold.

Conclusion: This study demonstrated that the single voxel gBOLD technique facilitates the assessment of skeletal muscle oxygen
kinetics during static or dynamic muscle exercises. While the BOLD response is mainly dominated by the deoxygenated blood volume
and deoxy-hemoglobin concentration, changes on muscle OEF by exercise as well as post-exercise hyperemia can be detected.
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