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Abstract

Changes in deoxygenation and metabolism of lactic acid in the quadriceps femoris muscle were
induced by repeated isometric knee extension exercise at different muscular rest intervals.
Thirteen healthy male subjects continuously performed 10 sets of isometric extension exercise
of the right knee joint at a flexion angle of 60 degrees with maximal voluntary contraction
in the sitting position on isokinetic dynamometer. The time of contraction per set of exercise
was 6 sec, and two conditions were used for the rest time, 6 sec (condition 1) and 12 sec
(condition 2). As a parameter of deoxygenation in the right vastus medials muscle during the
isometric exercise under these conditions, the amounts of oxygenated and deoxygenated
hemoglobin were measured using a near-infrared spectrometer. As a parameter of the metabolism
of lactic acid in the quadriceps femoris muscles, venous blood was collected from the finger
tip before exercise and 1, 3 and 6 min after exercise, and the blood concentration of lactic
acid was determined using a blood lactate analyzer.

Significant deoxygenation was noted during the period of the exercise under both conditions,
but the oxygenation level remained 10%-15% higher under condition 2 than under condition 1.
During the rest period of the exercise, there was a significant difference in the oxygenation
level of the muscles between the two conditions. The oxygenation level of the muscles under
condition 1 was as much as 20% lower than that during the rest period, while under condition
2, the oxygenation level of the muscles recovered to a level comparable with that during the
rest period. On the other hand, the blood concentration of lactic acid increased significantly
under both conditions, indicating that lactic acid accumulated in the quadriceps femoris muscle.
However, the blood concentration of lactic acid after exercise was significantly lower under
condition 2 than that under condition 1, suggesting that the balance between the generation
of lactic acid and its removal by oxidative phosphorylation was closer to equilibrium under
condition 2 than under condition 1, which was probably closely related to the considerable
difference in the oxygenation level between the exercise and rest periods.

To reduce the accumulation of lactic acid induced by isometric strengthening exercise and
the resultant fatigue, it was considered important to maintain as much oxygen supply to the
muscles as possible and to suppress the decrease in the metabolism involved in the increase
in lactic acid production and its oxidative removal. Therefore, an appropriate rest period
must be included in isometric strengthening exercise, and further studies using models with

various intensities, durations, and repetition times of muscular contraction will be necessary.



