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Evaluation of Skeletal Muscle Function

Site of

Measurement Muscle Cell Capillary - Artery Respiration
Specific Function Energy Oxygen Hemo- Oxidative
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Figure1 Noninvasive procedure for evaluation of muscle metabolism.
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Figure2 Typical 3phosphorus magnetic resonance spectroscopy (*:P-MRS) spec-
tra at rest (top) and after strenuous exercise (bottom). Both spectra have 5-Hz line
broadening and are presented in arbitrary units of intensity on the Y-axis.

Pi, inorganic phosphate; PCr, phosphocreatine.
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Figure 3 Power output as a function of the ratio of inorganic
phosphate to phosphocreatine.
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Figure4 PCr recovery rates in subjects with varied muscle function.
PCr, phosphocreatine; Sprint, sprinter; Dist, distance runner; Mito, mitochondria disease;
Hrt, heart failure; Renal, renal dysfunction; PVD, peripheral vascular disease.
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Figure5 Muscle oxygenation kinetics in arterial occlusion
during rest and at 3 minutes of exercise. Oxygen consumption
at 3 minutes of exercise was 8.3 times higher than that at rest.
The muscle oxygenation level at rest was defined as 100%,
while that of the minimum value during arterial occlusion was
defined as 0%.
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Establishment of Noninvasive M easures of Skeletal M uscle Circulation
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Muscle biopsies that have been used in the field of analytical biochemistry have provided meaningful information
about muscle energy metabolism. However, obtaining a biopsy specimen requires an invasive procedure and includes
information on the less biochemically active forms. Magnetic resonance spectroscopy (MRS) can detect free forms of
phosphate compounds and provides the gold standard for noninvasive evaluation of skeletal muscle bioenergetics, both
during exercise and recovery from exercise. MRS has afforded not only evaluation in the area of training status but also
diagnosis and therapy for peripheral vascular disease and mitochondrial genetic deficiency. Near infrared spectroscopy
(NIRS) can be used to evaluate the kinetics of oxygenation in working human muscle. The oxygenation level measured
by NIRS reflects the relative difference between oxygen (Oz) supply to the muscle and O= consumption in the muscle.
NIRS can also evaluate muscle oxygen consumption through the rate of decline in the HbO: level during arterial occlu-
sion. Simultaneous monitoring of muscle bioenergetics by MRS and Oz kinetics by NIRS can provide a comprehensive,
noninvasive evaluation of muscle energy metabolism. (J. Jpn. Coall. Angiol., 2003; 43: 239-244)
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