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Investigation of the mechanism for muscle fatigue improvement using local
alternating heat and cold stimulation
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The purpose of this study was to examine the effects of local alternating
heat and cold stimulation on muscle fatigue induced by repetitive contraction and to understand the
mechanism of the muscle fatigue improvement of based on physiological evaluation parameters. As a
result, the local alternation of heat and cold stimulation improved not only subjective fatigue, but

also affected the following parameters that supported the improvement of muscle fatigue:
circulatory dynamics in the target muscle tissue using near-infrared spectroscopy, autonomic nervous
activity using heart rate variability analysis, and spinal excitability using the H-reflex.



Sawada et al., J Physiol Anthropol. 2022

H
(1)
20 13 7 21.4+3.2
PC Horikawa, Appl Ergon 2001 15
REON
POCKET NIRO-200NX
MWT-001
3 1 5 NEUTONE
TDM-Z2
OxyHb
DeoxyHb TotalHb
TOI QRS RR
HF
LF LF HF LF/HF
(2)
20 13 7 20.9+1.3
Vuillerme and Boisgontier, Eur J Appl Physiol. 2010
REON POCKET 3
1 5
DS7R Digitimer Ltd
Delsys trigno Delsys Inc H
H M Hmax Mmax H/M ratio



(1)

1.38+0.15
Nvs.1.31+0.14N p<0.01 d=0.97
OxyHb TotalHb TOlI la b
a) b)
8 - ok 80 -
£ 4 g 75
£ g
.2. 2 Opre %
g, , ] sl
2 2
E
-4 65
AOxyHb ADeoxyHb ATotalHb pre post
1.
LF LF/HF CVRR
2a b HF
a) b)
2000 - 12 s :
1500
8
&
g 1000 Opre 6 Opre
= @post ®|post
4
500
2
0 0
HF LF LF/HF CVRR
2.
TOI LF/HF r=0.50
p < 0.05
1)
Q) Sawada et al.: Local alternating heat and cold stimulation affects

hemodynamics and oxygenation in fatigued muscle tissue and autonomic nervous activity: a
single-arm interventional study. J Physiol Anthropol. 2024;43:11

(2)

Hmax H/M ratio 5a b



10

Numerical Rating Scale [/10]

o,

0.006

H-reflex amplitude [V]
o o o 9
s 5 o g
g 8 8 8
S &8 8 8

0.001

5.

H

a) Hmax b) Mmax c¢) H/M ratio

*:p<0.01 **:p<0.05

* % *
ll * L ”
_ 16
=
a
O Baseline 2
B
D After fatigue s 15
)
| After intervention E]
E]
=
*:p<0.001 14 *:p<0.01
'l 13 L
A aR Y B 5 Rk Baseline After fatigue  After intervention
b) 0
0.016 1 ok
S 0014 09
o 08 T
- 0012
- 3 0.7 v
£ o T T 2
E. o E 0.6
© 0.008 s 0.5 .4
1 < o °
@ 0.006 T X X
z o 03 5 -
s 0004 02 8 L
3 0.002 X 01 ki z
0 0
Baseline After fatigue After intervention Baseline After fatigue After intervention Baseline After fatigue After intervention



1 1 0 1

Sawada Tomonori Okawara Hiroki Nakashima Daisuke Aoki Kentaro Namba Mira lIwabuchi Shuhei 43
Katsumata Yoshinori Nakamura Masaya Nagura Takeo

Local alternating heat and cold stimulation affects hemodynamics and oxygenation in fatigued 2024
muscle tissue and autonomic nervous activity: a single-arm interventional study

Journal of Physiological Anthropology 11

DOl
10.1186/s40101-024-00358-3

33

2022

49

2022

34

2023




50

2023

28

2023




