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Abstracts
The aim of this study was to investigate the longitudinal relationship between performance improvement 
and changes in run-up speed, jumping distance, and jumping ratio of each phase in a case study of 
female triple jump athletes who broke the Japanese national record. The subject was one female triple 
jumper who achieved the Japanese national record in the triple jump (14.16 m) and participated in the 
World Championships in the year 2023. The run-up speed and jumping distances of each phase were 
measured using a laser distance measurement device (LAVEG) and a high-speed camera. The subject in 
this study improved her personal record in the triple jump from 12.91 m to 14.16 m during the research 
period (2016-2023). The subject improved her triple jump performance by increasing the jumping 
distance of the hop and step phases from 2017 to 2020 without improving maximum run-up speed. In the 
years 2021 and 2022, she maintained her maximum run-up speed and decreased her jumping distance of 
the hop phase. However, her performance was improved by increasing the jumping distance of the jump 
phase from 2021 to 2022. In the year 2023, her performance was improved by increasing the maximum 
run-up speed and by maintaining the jumping distance of the jump phase while increasing the jumping 
distance of the hop and step phases.

【原著論文】
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SD 0.24 1.3 0.8 0.64 0.45 0.50 0.50 0.20 0.30 0.32 0.14 0.14 0.17 0.23 0.48 0.40

SD 0.20 0.9 0.7 0.41 0.41 0.20 0.28 0.19 0.22 0.14 0.13 0.14 0.26 0.34 0.54 0.32

SD 0.58 1.3 1.0 0.64 0.45 0.50 0.50 0.13 0.21 0.37 0.13 0.20 0.37 0.48 0.45 0.47



SD 0.27 1.2 0.5 0.46 0.12 0.52 0.11 0.14 0.26 0.33 0.15 0.19 0.32 0.35 0.56 0.42

SD 0.21 0.6 0.4 0.19 0.17 0.43 0.15 0.16 0.26 0.29 0.13 0.11 0.21 0.15 0.37 0.36

SD 0.40 1.6 0.9 0.47 0.13 0.56 0.11 0.15 0.24 0.39 0.17 0.26 0.43 0.33 0.42 0.54
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Comparison of ground reaction forces of world elite Japanese male race walkers between measured from 
force platform and estimated from acceleration and angular momentum of whole body
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Abstracts
This study aimed to evaluate the estimation method of ground reaction force (GRF ) and center of 
pressure (CP ) of support foot during race walking.  Seven world elite Japanese male race walkers, 
contained medalists in Olympics and World Championships, participated to the experiment of present 
study, walking along 50m-walkway on their own speeds of each personal best in 20kmW.  Force 
platforms (1000Hz) which were mounted on the walkway measured GRF  and CP  during walking.  
Vicon-system (250Hz), set up on the walkway, captured three dimensional coordinates of body marks 
in order to calculate the position of the center of gravity of whole body (CG ) and other parameters of 
kinematics and kinetics.  From the estimated center of pressure of support foot (eCP ), the acceleration of 
CG  and the angular momentum about CG , the ground reaction force (eGRF ) was estimated by using the 
methods of Hoga-Miura (2022).  To evaluate the in uence of estimation to other valuables, joint torques 
in lower extremities were compared between measured (TRQ ) and estimated (eTRQ ).  Statistical 
parametric mapping (SPM) were used to conduct non-parametric paired t-test between measured and 
estimated variables (GRF  vs eGRF , CP  vs eCP , TRQ  vs eTRQ ).  Along with the practical quick 
feedback methods on the training of elite athlete in Japan, this study focused on the parameters in sagittal 
plane.  Although the length of phase where there were signi cant differences between CP  vs eCP  of 
anterior-posterior component (p < 0.05) was about 20% of the support phase, GRF  and eGRF  were 
signi cantly different during the almost entire support phase (p < 0.05) both in anterior-posterior and 
vertical component.  However, in the joint torques at ankle, knee, and hip in sagittal plane (about lateral-



medial axis), there were not signi cant difference between TRQ  and eTRQ  during almost entire support 
phase.
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Step 

length (m)

Support 

length (m) 
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n Mean ± SD n Mean ± SD n Mean ± SD n Mean ± SD
85 173.4 ± 5.4 b 108 160.7 ± 5.4 85 62.8 ± 5.3 bc 106 51.2 ± 4.4
17 172.1 ± 5.4 ab 14 161.9 ± 5.1 17 57.5 ± 4.3 a 14 49.5 ± 5.9
2 166.5 ± 6.4 ab 1 154.5 2 53.3 ± 1.1 ab 1 43.0

55 176.1 ± 6.0 c 66 161.6 ± 4.6 55 64.2 ± 6.0 cd 66 51.4 ± 3.8
126 173.2 ± 5.4 b 107 161.5 ± 5.1 124 62.2 ± 6.1 b 106 51.7 ± 3.8
85 174.5 ± 5.4 bc 79 162.7 ± 5.7 86 82.8 ± 11.7 e 76 65.1 ± 8.7
16 175.4 ± 4.1 bc 22 161.7 ± 4.0 16 66.5 ± 5.8 d 22 54.3 ± 4.5
29 168.8 ± 5.5 a 25 158.1 ± 5.0 29 55.8 ± 5.4 a 23 47.0 ± 4.7

415 173.6 ± 5.7 422 161.3 ± 5.2 414 66.4 ± 11.4 414 53.8 ± 7.6
p <0.001 p <0.001



TDS 

1 2 3 4 5 1 2 3 4 5
1. n 49 147 108 78 34 45 160 117 80 26

% 11.8% 35.3% 26.0% 18.8% 8.2% 10.5% 37.4% 27.3% 18.7% 6.1%
2. n 128 138 99 35 16 156 125 101 32 14

% 30.8% 33.2% 23.8% 8.4% 3.8% 36.4% 29.2% 23.6% 7.5% 3.3%
3. n 227 113 53 19 4 174 152 70 23 9

% 54.6% 27.2% 12.7% 4.6% 1.0% 40.7% 35.5% 16.4% 5.4% 2.1%
4. n 158 162 68 20 8 164 155 64 31 14

% 38.0% 38.9% 16.3% 4.8% 1.9% 38.3% 36.2% 15.0% 7.2% 3.3%
.5 n 229 116 55 10 6 251 106 45 19 7

% 55.0% 27.9% 13.2% 2.4% 1.4% 58.6% 24.8% 10.5% 4.4% 1.6%
6. n 309 69 26 9 3 337 59 25 4 3

% 74.3% 16.6% 6.3% 2.2% 0.7% 78.7% 13.8% 5.8% 0.9% 0.7%
7. n 250 97 49 15 5 264 102 44 10 8

% 60.1% 23.3% 11.8% 3.6% 1.2% 61.7% 23.8% 10.3% 2.3% 1.9%
8. n 281 100 24 9 2 236 143 39 8 2

% 67.5% 24.0% 5.8% 2.2% 0.5% 55.1% 33.4% 9.1% 1.9% 0.5%
9. n 189 165 47 11 4 159 177 67 20 5

% 45.4% 39.7% 11.3% 2.6% 1.0% 37.1% 41.4% 15.7% 4.7% 1.2%
10. n 217 115 58 17 9 176 167 62 17 6

% 52.2% 27.6% 13.9% 4.1% 2.2% 41.1% 39.0% 14.5% 4.0% 1.4%
11. n 235 103 47 23 8 245 113 41 21 8

% 56.5% 24.8% 11.3% 5.5% 1.9% 57.2% 26.4% 9.6% 4.9% 1.9%
12. n 337 56 18 4 1 352 57 15 3 1

% 81.0% 13.5% 4.3% 1.0% 0.2% 82.2% 13.3% 3.5% 0.7% 0.2%
13. n 188 136 59 27 6 155 162 70 30 11

% 45.2% 32.7% 14.2% 6.5% 1.4% 36.2% 37.9% 16.4% 7.0% 2.6%
14. n 345 54 11 5 1 309 93 21 2 3

% 82.9% 13.0% 2.6% 1.2% 0.2% 72.2% 21.7% 4.9% 0.5% 0.7%
15. n 318 67 27 4 0 282 104 33 4 5

% 76.4% 16.1% 6.5% 1.0% 0.0% 65.9% 24.3% 7.7% 0.9% 1.2%
16. n 251 102 40 18 5 256 115 35 12 10

% 60.3% 24.5% 9.6% 4.3% 1.2% 59.8% 26.9% 8.2% 2.8% 2.3%
17. n 296 71 35 14 0 285 93 31 16 3

% 71.2% 17.1% 8.4% 3.4% 0.0% 66.6% 21.7% 7.2% 3.7% 0.7%
18. n 340 51 21 4 0 337 62 21 4 4

% 81.7% 12.3% 5.0% 1.0% 0.0% 78.7% 14.5% 4.9% 0.9% 0.9%
19. n 230 126 41 15 4 204 154 49 16 5

% 55.3% 30.3% 9.9% 3.6% 1.0% 47.7% 36.0% 11.4% 3.7% 1.2%
1 2 3 4 5

0.376

0.735

0.475

0.002

0.173

0.296

0.283

p

0.910

0.965

0.098

0.001

0.004

0.426

0.271

0.438

0.681

0.005

0.059

0.006

PC C P A M PC C P A M

n 23 59 119 53 162 16 62 110 53 187

% 5.5% 14.2% 28.6% 12.7% 38.9% 3.7% 14.5% 25.7% 12.4% 43.7%

% 4.2% 19.3% 29.2% 10.9% 36.5% 2.5% 28.8% 32.5% 8.0% 28.2%

0.508

p



1 2 3 4 1 2 3 4
n 361 31 19 5 382 38 5 3
% 86.8% 7.5% 4.6% 1.2% 89.3% 8.9% 1.2% 0.7%
n 403 12 0 1 410 18 0 0
% 96.9% 2.9% 0.0% 0.2% 95.8% 4.2% 0.0% 0.0%
n 410 5 0 1 407 21 0 0
% 98.6% 1.2% 0.0% 0.2% 95.1% 4.9% 0.0% 0.0%
n 103 139 151 23 84 159 158 27
% 24.8% 33.4% 36.3% 5.5% 19.6% 37.1% 36.9% 6.3%

1 2 3 4

0.310

0.005

p

0.020

0.352

1 2 3 4 5 1 2 3 4 5
1.  n 341 51 14 5 5 310 87 21 8 2

% 82.0% 12.3% 3.4% 1.2% 1.2% 72.4% 20.3% 4.9% 1.9% 0.5%
2.  n 147 136 89 42 2 109 150 127 37 5

% 35.3% 32.7% 21.4% 10.1% 0.5% 25.5% 35.0% 29.7% 8.6% 1.2%
3.  n 51 55 121 126 63 28 44 132 124 100

% 12.3% 13.2% 29.1% 30.3% 15.1% 6.5% 10.3% 30.8% 29.0% 23.4%
4.  n 77 83 158 76 22 63 88 168 78 31

% 18.5% 20.0% 38.0% 18.3% 5.3% 14.7% 20.6% 39.3% 18.2% 7.2%
5.  n 47 45 133 126 65 34 51 133 128 82

% 11.3% 10.8% 32.0% 30.3% 15.6% 7.9% 11.9% 31.1% 29.9% 19.2%
6.  n 85 86 127 87 31 81 97 134 82 34

% 20.4% 20.7% 30.5% 20.9% 7.5% 18.9% 22.7% 31.3% 19.2% 7.9%
7. n 126 105 115 47 23 141 117 104 52 14

% 30.3% 25.2% 27.6% 11.3% 5.5% 32.9% 27.3% 24.3% 12.1% 3.3%
8. n 45 42 117 108 104 34 62 112 104 116

% 10.8% 10.1% 28.1% 26.0% 25.0% 7.9% 14.5% 26.2% 24.3% 27.1%
9.  n 60 49 154 93 60 39 66 167 95 61

% 14.4% 11.8% 37.0% 22.4% 14.4% 9.1% 15.4% 39.0% 22.2% 14.3%
1  2 2  3 1  4 1  5 1

1 2 3 4 1 2 3 4
n 63 158 108 87 117 177 92 42
% 15.1% 38.0% 26.0% 20.9% 27.3% 41.4% 21.5% 9.8%

1  2 3 4

<0.001

p

p

0.007

0.365

0.118

0.519

0.370

0.900

0.006

0.002

0.196



p
n 166 138 n 7 10
% 39.9% 32.2% % 1.7% 2.3%
n 84 113 n 83 117
% 20.2% 26.4% % 20.0% 27.3%
n 166 177 n 218 205
% 39.9% 41.4% % 52.4% 47.9%

p =0.030 n 160 174
% 38.5% 40.7%

0.515

0.499

0.012

0.190

n 35 6
% 8.4% 1.4%
n 0 14
% 0.0% 3.3%
n 137 73
% 32.9% 17.1%
n 30 17
% 7.2% 4.0%
n 18 5
% 4.3% 1.2%
n 117 125
% 28.1% 29.2%
n 6 4
% 1.4% 0.9%
n 36 97
% 8.7% 22.7%
n 20 20
% 4.8% 4.7%
n 62 43
% 14.9% 10.0%
n 10 6
% 2.4% 1.4%
n 29 14
% 7.0% 3.3%
n 16 7
% 3.8% 1.6%
n 51 56
% 12.3% 13.1%
n 1 1
% 0.2% 0.2%
n 171 175
% 41.1% 40.9%
n 8 9
% 1.9% 2.1%

0.436

<0.001

0.949

0.853

<0.001

<0.001

0.040

0.005

0.729

0.719

0.984

<0.001

0.927

0.033

0.286

0.015

0.049

3 n 12 3 n 125 67 n 108 34 n 23 6
%4.1%5.5%%9.7%0.62%%8.51%8.03%%7.0%9.2%

1 2 n 35 7 n 55 41 n 144 60 n 12 25
%9.5%9.2%%0.41%6.43%%6.9%5.31%%6.1%4.8%

1 3 n 124 28 n 112 26 n 164 334 n 214 62
%5.41%6.15%%0.87%4.93%%1.6%6.72%%5.6%8.92%

1 n 162 141 n 114 291 p <0.001 n 166 334
%5.86%1.82%%9.23%9.83% % 40.0% 78.2%

n 83 249 p <0.001 p <0.001
% 20.0% 58.2%

p <0.001



n 64 78
% 15.4% 18.2%
n 11 15
% 2.6% 3.5%
n 7 21
% 1.7% 4.9%
n 0 2
% 0.0% 0.5%
n 5 3
% 1.2% 0.7%
n 101 50
% 24.3% 11.7%
n 54 80
% 13.0% 18.7%
n 22 9
% 5.3% 2.1%
n 5 2
% 1.2% 0.5%
n 147 168
% 35.3% 39.3%
n 0 0
% 0.0% 0.0%

<0.001

0.270

0.470

0.009

0.163

0.453

0.023

0.014

0.239

0.240

n 127 159
% 30.5% 37.1%
n 55 80
% 13.2% 18.7%
n 14 34
% 3.4% 7.9%
n 10 11
% 2.4% 2.6%
n 27 29
% 6.5% 6.8%
n 106 163
% 25.5% 38.1%
n 76 55
% 18.3% 12.9%
n 13 12
% 3.1% 2.8%
n 154 163
% 37.0% 38.1%

(YouTube) n 123 69
% 29.6% 16.1%
n 57 53
% 13.7% 12.4%
n 18 18
% 4.3% 4.2%
n 4 10
% 1.0% 2.3%

<0/001

0.042

0.030

0.004

0.877

0.868

0.118

0.030

0.783

0.749

<0.001

0.569

0.931

n 91 36
% 21.9% 8.4%
n 110 140
% 26.4% 32.7%
n 131 147
% 31.5% 34.3%
n 67 104
% 16.1% 24.3%
n 17 1
% 4.1% 0.2%

p <0.001

n 188 123
% 45.2% 28.7%
n 51 33
% 12.3% 7.7%
n 115 108
% 27.6% 25.2%
n 31 21
% 7.5% 4.9%
n 57 105
% 13.7% 24.5%
n 11 10
% 2.6% 2.3%

69nA
% 2.2% 1.4%

8102nB
% 4.8% 4.2%

2514nC
% 9.9% 12.1%

8101nD
% 2.4% 4.2%

87nE
% 1.7% 1.9%
n 37 28
% 8.9% 6.5%

EPA DHA n 4 1
% 1.0% 0.2%
n 5 3
% 1.2% 0.7%
n 13 18
% 3.1% 4.2%
n 145 167
% 34.9% 39.0%
n 13 12
% 3.1% 2.8%

0.200

<0.001

0.027

0.427

0.124

<0.001

0.774

0.402

0.673

0.287

0.144

0.838

0.168

0.453

0.404

0.210

0.783



1 2 3 4 1 2 3 4
n 384 21 5 6 417 10 1 0
% 92.3% 5.0% 1.2% 1.4% 97.4% 2.3% 0.2% 0.0%
n 372 30 7 7 404 21 3 0
% 89.4% 7.2% 1.7% 1.7% 94.4% 4.9% 0.7% 0.0%
n 386 18 5 7 417 9 2 0
% 92.8% 4.3% 1.2% 1.7% 97.4% 2.1% 0.5% 0.0%
n 384 21 4 7 413 13 2 0

% 92.3% 5.0% 1.0% 1.7% 96.5% 3.0% 0.5% 0.0%

1 2 3 4

p

0.003

0.010

0.015

0.006


























































































