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Muscle oxygenation of a lower limb during electrical stimulation in healthy males

Satoshi HINATA, Tomoko KUTSUZAWA, Masaaki NAKAOKA and Satoshi IWAMOTO

Abstract

Background: Belt electrode skeletal muscle stimulation (B-SES), simultaneously stimulates the muscles of the entire lower
extremity and produces contraction of the lower limb muscles if applied to the waist, knees, and ankles. Recently, B-SES has
been applied to prevent muscle weakness in the intensive care unit (ICU). However, there are few studies on the muscle
oxygenation state during B-SES.

Purpose: This study aimed to investigate the muscle oxygenation state of the vastus lateralis and gastrocnemius during
B-SES in healthy men.

Methods: Fourteen healthy men (28.2 % 2.3 years) were enrolled. B-SES device was used to electrically stimulate all muscles
of the lower limbs for 15 min. The oxygenation status of the vastus lateralis and gastrocnemius muscles during B-SES were
measured by near-infrared spectroscopy. Kinetics of blood volume (total hemoglobin/myoglobin [Hb/Mb]), oxygenated Hb/
Mb, and deoxygenated Hb/Mb were qualitatively analyzed.

Results: The dynamics of changes in total Hb/Mb (Atotal Hb/Mb) were classified into the usual, increased, and irregular
groups. The usual group comprised those with similar dynamics of Atotal Hb/Mb during voluntary exercise. In the increased
group, Aoxygenated Hb/Mb was shown to increase from the start of B-SES.

Conclusion: Muscle oxygenation dynamics during B-SES and voluntary exercise may be different.

(Tokai J. Sports Med. Sci. No. 36, 27-38, 2024)
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Table 2 Changes in vital signs during belt electrode skeletal muscle stimulation (n=14)
FARAET FA5 % T T 59k
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gastrocnemius
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Fig. 1 Classification of muscle oxygenation kinetics
during B-SES
A: Atotal-Hb/Mb usual group B: Atotal-Hb/Mb
increasing group C: Atotal-Hb/Mb irregular group
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Fig. 2 Atotal-Hb/Mb usual group (Subject K, vastus lateralis

muscle)

A: NIRS recording (red line: Aoxygenated Hb/Mb, blue line:
Adeoxygenated Hb/Mb, black line: Atotal-Hb/Mb)
B: Tissue oxygen index (TOI)
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Fig. 3 Atotal-Hb/Mb increased group (Subject F, vastus lateralis

muscle)

A: NIRS recording (red line: Aoxygenated Hb/Mb, blue line:
Adeoxygenated Hb/Mb, black line: Atotal-Hb/Mb)

B: Tissue oxygen index (TOI)
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Fig. 4 Atotal-Hb/Mb irregular group (Subject B, vastus lateralis

muscle)

A: NIRS recording (red line: doxygenated Hb/Mb, blue
line: Adeoxygenated Hb/Mb, black line: Atotal-Hb/Mb)
B: Tissue oxygen index (TQI)
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