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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 influence of estimation to other valuables, joint torques
in lower extremities were compared between measured (7RQ) and estimated (e7R(Q). 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 significant differences between CP vs eCP of
anterior-posterior component (p < 0.05) was about 20% of the support phase, GRF and eGRF were
significantly 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-

— 168 —



medial axis), there were not significant difference between 7RQ and e7TRQ during almost entire support

phase.
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Table 1 Properties of Subject W = 7)
Personal Best
World
Age (Yrs)  Height (m)  Weight (kg) on 20kmW Ranking Point (Pts)
Ranking
(h:m:s)
Mean 239 1.73 59.7 1:19:44 35.0 1195.0
+ + + + + + +
SD 1.1 0.04 4.5 1:57 29.6 96.7
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Table 2 Step Parameters V = 7)

Step
Speed Speed Support Flight Step Support Flight
Frequency
(m/s) (m:s/km) time (8) time (s) length (m) length (m) length (m)
(Hz)
Mean 433 3:51 3.60 0.22 0.06 1.20 0.93 0.27
+ + + + + + + +
SD 0.11 0:07 0.12 0.01 0.01 0.04 0.03 0.04
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Figure 1 Mean value of measured (CP) and estimated (eCP) center of pressure

during normalized support phase WV = 7)
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Figure 2 Mean value of vertical component of measured (GRF) and estimated (eGRF) ground

reaction forces during normalized support phase (V = 7)
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a) Y-component of Ground Reaction Force (right foot)
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Figure 3 Mean value of

measured (GRF) and angular—-momentum-estimated (eGRF)
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support phase W =17)
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7 DHEERGENZET HZ LIl d.

A OFEROTEE TR LIS B S 00T,
KFEHIH OBV RE CHRERENALNIZIET T
o727 (Figure 1), HiE I DOwIE TR, $hiHE
HEOES THIFEAEDRH CHERENE LN
7= (Figure 2, 3). ZOZ &I, 1ERATOIIAD
FOFIETIIREE L HETE D, Him ) oH
EICE L CIREOSELET LB Tho7e 2 &
ERLTNWD., HE~——DFERN L EH D HK
T NVERE L CTHETE LIZEDINEE L, ~—h—F
DEAEIN S H KT T IVOEMIEZHEE L, T ON
B 2 BEORFFID 21T ) Z L IC ko THEET D72
W, ~—H —(EEEEO G ORE DR EE 5 T
L. ABFETIE, ARSI L ik R HEE
DYEATHIZE (6, 2000 ; =J#I1EH, 2020, 2021 ;
Hoga—Miura lE7>, 2022) TG 7= B8 W & 5 5
LB REVEEIZAR D X O ITHER N E R E
L, G &iTo7ehy, A%ITEE OB E I HIC X
2 PR R 2t U CRHAINE & D — BB i & 7
D FIEORGDFREE 2D,

Fro, HeEHER I EAERHAP LR VR LT
i 3 BAf ML 7 13D T LB EHIME & O Fn 2 —
OFRNEZ TR LR, 2o i, HiEs o
filfl & HEEM O —FENMED > T-DIT K LT, & b
NZICEHLTCIRELISHEET IZ N TELLZ &
ZRLTWAS.

EAN Ry 7B S L DA o Hm EH &
REEN R /L7 ORI Hoga 1E7> (2006) R¥ETIEMN
(2010) IZBWTHEZNTWDN, ThO 350
BIFIC B W TR E 2 b7 MR SN2 R Tl
ML T DB DBRE L D DI TIERNZ L3R
SNTWD. L DbiF, RE7RBITHE DS LB
a3 2 K& 72 BE B L OWBEEI O kL7 SEHHIT,
WIS BEHIAT 2 O SR T H D W ITEEHIE AT T H
0, RWFFED Figure 2 B8 X N3 TR LEZEL D 7eéh
Bk X ORI Fatm 1o — 27 2 U5
M EIXER > TR, 207, BEfihvs ok
T E~OHEK I ORKE OGN ENEEZD
T, ARBFSEIC I\ CHlETE ) OHETE DR EE ARV
LD BT, BIE by CIREHAME & HEEME O — 3
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ERENoT-EBEZHND.

ARFZEIE, BHEEO ML —= 7 « a—F L JC
KT oA T A= AFEEZHWEFEE LT,
ANRFEH A b L —=2 7 O7p Y R O FHE
DN GPTCH ¥ X7 4 7 AR K HHiEE D
EEOFHTE 7 4 — RNy 7 21T 5 oD D FIEOKR
AR AW E LTIThN b D Th D, M )ITiE
R OFIRIC L - TR L TCRIES I A K
BL72bDTH D05, B bV 7 IXHENE O E
ATHRHEINTNWDINNZKM L TWDHTD, fF
ST L 51T, HEEEHOFML, AR—V7
EDRT g —~ A0 BIZT T2 E R dGEICmT T
FEFICHNREE L SvTWnd (BT, 2005 ; 7,
2017 ; BB, 2017 ; =JHIE7D>, 2021, 2023).

TD, RUEORRIT, DREICET HHi
fEH hy 7R EO L —= L LTI E
TIThbhi=FiE (ZiIED, 2021, 2023) Ok
ERLIELDOTHLEWVWRS.

5 FEH

AR A ARRE R 7 Z B 2IRENC X 25 bt 45t
FEADINAL AT =7 AR — MRV CTHEE#
BN INCE D 2T 2T 4 7 AEEEHMTDR
TWb. ABETIXZDOFEORGEEITH Z L % H
e L, HER—IRARAFEE LD L —AR—2
HATA Y — R CHAT O ) OFH & HIRE)E
DOEGEROUE 21TV, BEOLIEEB L 2T
BN R DHEE L 7o MmO & o bbilg,  F R
77 & HEEHNE S I K A FRKBEET h v OFH & b
a7 7.

SRIEL T [ 43 00 ML S VX ER D NG B & EE ik
FEDHEE 2TV, VR RO SRR R OB HIF i
AR XV 3em fT ONLE (7 FERE T HL T 0 & &)
7> O B U R S ¥ A & O A O S BRI AR & R
BT 5608 UTHEE LD, RIS O
H L, b 2008 E, S AEREE H
WTHEE R T o7, TERAHR LTI+ —A7 T v |
T A =L EoTEHAILZZb D L mWEEEZ R L
72y, B Z O W TITAERRENA LT, L
2L, FTEOBEHE Fv 2 O/ F — oW TiE
FHAME & HEEME OB TR WEBIEN A B 2 & )
O, TNETEHAN by THBEE~DONNAFAT1=2
AP E D XEOHR THW LN T E 7= TIEIIZY
LD THoT-E VN2 5.

AWEZ T, RIRENICBT 22807 % §5
L7228, AiAEmE N E L OVKERINOZEEIZ OV T

BN T —~ AL OBEMEN 2 E THE S
TWDHZEND, ZhbOEHOFHIMEE FZHIED
N A B OMBEE 70D, 85I, MK & EE
FLSHEET 2 FIEORFT A ZOMRE L L THET
boHrLEZLND.
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