2020 2023

Analysis of the neural control of the whole-body coordination required for
butterfly stroke swimming.
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The aim of this research project was to elucidate the neural control
involved in butterfly stroke swimming, to clarify the characteristics of skilled swimmers in terms
of muscular coordination, and to obtain specific suggestions for effective coaching and training
methods. We investigated the characteristics of neural control for skilled and unskilled swimmers
during butterfly stroke swimming using the muscle synergy analysis method. The main result suggested

that skilled swimmers may dare to down kick with independent synergies to produce effective
acceleration by kicking. Based on this finding, it was suggested that training to perform
appropriately timed kicks is important to perform butterfly stroke swimming like skilled swimmers.



2018
Martensetal., 2015
3
8
8
25 m 12
9
25 m 50m 100 m 200 m
12
9
25 m 2
1
12
2
(2021).
, 24(1), 1-6.
(2022). . , 25(1),

13-17.



VAF (%)

Muscle synergy vector (a.u.)

Activation coefficient (a.u.)

Muscle synergy vector (a.u.)

Activation coefficient (a.u.)

1

0.5

0

VAF

VAF
90%

8§ 9 10 11

7
A

VAF

Activation coefficient

Synergy #1 *: p< 0.05

*
1

hmmm|f¥$|ﬁ“

BB TB DA DP PM LD RA ES RF BF TA GAS

n AikE 0 JRARAE

A b o — & E5f(%)
= HEE - JEREE

#1

Synergy #2 #:p<0.05

BB TB DA DP PM LD RA ES RF BF TA GAS
" GhigE 0 IERREE

Z k0 —7 BEw)
— BfhE - FRMuEE

#2

Muscle synergy vectors



Synergy #3 *: p<0.05

Muscle synergy vector (a.u.)

05 ] ) )
| \
0

BE TB DA DP PM LD RA ES RF BF TA GAS
"o U FRERE

Activation coefficient (a.u.)
-

0 10 20 30 40 50 60 70 8 90 100
A b o—2 EfE(%)

T omigE T dkRE

Synergy #4  *:p<0.05

Muscle synergy vector (a.u.)

BB TB DA DP PM LD RA ES RF BF TA GAS
" omdRE U SRERME

9
;31.5
5 1
én.s
< 0 10 20 30 40 50 60 70 80 90 100
Z b O—2 Bi(%)
— BEE - JERAERY
5 #4
#1 25 49 % BB PM RA BF
#2 36
69 % TB LD
#3 64 92 % TB DA DP
#4 0 30 % 48 70%
95 100 % RF TA
#1 0 3% 30 58% 89 100 %
BB PM RA BF
#2
0 21 % 41 68 % 97 100 % LD RF TA

#2

#3 8 16 % 65 91 %



BB DA DP
#4

#1 #3
#2

#4

#4
#4

2023
Journal of Applied Biomechanics

100 m
ISBS 2024 conference

) , (2018)
, 6, 9-23.
Martens, J., Figueiredo, P., & Daly, D. (2015). Electromyography in the four
competitive swimming strokes: A systematic review. Journal of electromyography and
kinesiology, 25(2), 273-291.



3 1 0 2

Keisuke K. Yamakawa, Rena Nishiwaki, Yasuo Sengoku Ahead of Print

Muscle Coordination During Maximal Butterfly Stroke Swimming: Comparison Between Competitive 2024
and Recreational Swimmers

Journal of Applied Biomechanics 110

DOl
10.1123/jab.2023-0186

25

2022

13 17

Dol
10.2479/swex.25.13

24(1)

2021

1,6

Dol
10.2479/swex.24.1

2022

2022




2023

2023

(Sengoku Yasuo)




