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Abstract

Previous studies have reported that the endurance time was the same between ischemic and nonischemic
isometric handgrip exercises at over 50%MVC. However it is not clear whether the results were explained by
decreased oxygen supply elicited by increased intra-muscular pressure. There is also little information available
about muscle tissue oxygenation kinetics during such exercises at lower intensities. To further investigate these
details we observed tissue oxygenation kinetics during ischemic and nonischemic isometric handgrip exercises
by using near infrared spectroscopy.

A total of 15 healthy subjects performed isometric handgrip exercises at 20, 30, 40, 50%MVC both under
nonischemic (Free) and ischemic (Occl) conditions until exhaustion. In Occl, a tourniquet on the upper arm was
inflated to 200mmHg before exercises started, and no cuff inflation was performed in Free. Changes in Oxy- and
Deoxy- hemoglobin/myoglobin (Hb/Mb) in the superficial flexor muscle were measured with spatially resolved
near-infrared spectroscopy.

At 40 and 50%MVC, the endurance time was the same in the two conditions, however it was longer in Free
than in Occl at 20 and 30%MVC. On the other hand OxyHb/Mb in Free was higher than Occl at all intensities. At
exhaustion, OxyHb/Mb did not reach the lowest level even in Occl except at 20%MVC, and DeoxyHb/Mb had
plateaued in Free and continued to increase in Occl at all intensities.

Our results indicated that the same endurance time in the two conditions at 40 and 50%MVC was not explained
by decreased oxygen supply, and suggested that oxygen was supplied to the exercising muscles and consumed
there even at exhaustion. We conclude that oxygen supply and utilization is not a limiting factor of isometric

handgrip exercises at any intensity.
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Table 1. OxyHb/Mb at exhaustion and after postexercise occlusion and duration of postexercise occlusion

30%MVC

20%MVC 40%MVC 50%MVC
Number of Subjects (n) {PO=End) 4 2 3 6
{PO=End) 3 7 7 6
Duration of PO (min) {PO=End) 27 £ 03 29+ 02 27 £ 02 27 £ 01
{PO-<End) 23 = 02 22+ 01 26 = 02 27 = 01
OxyHb/Mb at end of exercise (AU) (PO=End) 02 = 14 41 05 18 = 16 64 = 19
(PO<End) 07 = 05 74+ 24 59 = 1.0 28 = 12
OxyHb/Mb after PO (AU) (PO=End) 17+ 13 43+ 04 51 + 20 104 + 2.
{PO=End) 14 = 11 04 =+ 1.1 02 £ 1.0 01 = 12

Values are means=SE OxyHb/Mb, Estimated oxyvhemoglobin/myoglobin concentration

PO, Postexercise Occlusion

PO=End, Subjects whose OxyHb/Mb at the end of exercise were larger than those of after postexercise occlusion;
PO=End, Subjects whose OxyHb/MD at the end of exercise were lower than those of after postexercise occlusion:

2 EBDREEER
20%MV C &30%MVC T D EB R IF 1 X Free 54
TOccl &M LB A BEITED ST-05, 40%MVC &
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O) and ischemic (Occl, W)

isometric hardgrip exercises at constant load of 20, 30, 40 and 50%MVC.

Values are means =+ SE.

* Significant (P<0.05) difference between Free and Occl conditions.
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Fig. 2. Changes in OxyHb/Mb and Deoxy/Mb during nonischemic (Free, O) and ischemic (Occl, H)

isometric handgrip exercises at a constant load of 20, 30, 40 and 50%MVC. Values are means =+ SE.
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Values are means =+ SE.
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Values are means £ SE.

* Significant (P<0.05) difference between Free and Occl conditions.
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