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Changes in walking speed and mechanical energy flow of

male race walkers during 20km race

Koji Hoga®, Michiyoshi Ae®, Toshiharu Yokozawa® and Norihisa Fujii®

Abstract

The purpose of this study was to investigate technical factors relating to the maintenance of walking speed in race

walking in official 20km races. Thirty-five elite race walkers were analyzed as subjects by using VIR camera (60 Hz) at

4-8km and 14-18km point during 20km official race. The results were as follows.

Decreases in the recovery hip and knee joint torques resulted in decreases in the backward joint forces at the hip

and knee, which decreased the joint force power at the recovery hip and knee and the mechanical energy flow from the

recovery leg to the torso during the second half of the recovery phase. Therefore, decreases in the joint force at the

recovery hip and knee decreased the mechanical energy flow, which might lead to decrease in the walking speed.

Key words: mechanical work, mechanical energy flow, joint force, joint torque
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Competition Date Course N of subjects
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Table 2 Characteristics of the subjects (N=35)
Mean SD Max - Min
Age (yrs) 23.1 4.3 34-18
Height (m) 1.71 0.05 1.83-16
Body Mass (kg) 57.8 4.4 68 - 50
Race time (h.m.s) 1,27,.55,1 4,.33.5 1,19,.50, - 1,34 .59,
Best time (h.m.s) 1,27,.47,1 6,469 1,18,27,-1,43,.24,

Performance Ratio (%) 99.8 6.1 119.0 - 88.0
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Table 3 Flight time of all subjects (N=35)

Mean SD Max - Min
First half (s) 0.032 0.010 0.058 - 0.017
Second half (s) 0.027 0.011 0.050 - 0.008
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1. L—RICBIFEHTEE, ATV 7R, EvFoO
P (d

20km L — 2B 2 L —AFPEB L TERICBT
LDENTNDOHTHEE L — X588k (mean = 1,27,
55,1, SD =4,33,5) ORERIZDNWTHLEET A, L—
Z A (mean =3.80m/s, SD =0.19m/s, r=0.67, p<
0.001) &% (mean =3.66m/s, SD=0.23m/s, »=
0.78, p<0.001) Ol TL — Ak & A E e W
MBS N £, L—XRHiE SR EOSRTHEE
(mean = -0.15m/s, SD =0.22m/s) &L — ZGCék DB
RICDNWTHREZEZ A, L—ARIELEOSITHEE L
L — Ziesk ORI AE BB A N> 72 (r
=-0.24). UL, BHCREGERREDRIITHERER
EOMENA SN (r=038 p<0.05. 2B, &K
MRTEL AP EBFEEBIIL—RTEITER
LM TOBRTIED T ZIT o720, L — XAk,
#BEEBIT, oS OERE Fi  mean = 5.54km,
SD = 0.78km ; % : mean = 15.43km, SD = 1.09km)
VR THE S A BRI A SN o7z G r=
-0.14 5 $¥ 1 r=-0.13). 7z, TNTHOHHTH
MO EEE nean =9.89km, SD =1.28km) F L — &
FLEk (r=-0.15) BRUBTHEEE &F RSB A
SNBMoTm (r=-022).

Table 41%, 2#HBREOHITHRELE AT v TR,
ATy THEOZDVIGE EEEREZRLZDOD
T, BITEEAITKT B RrERE & SRR, Sk
WpfH, JESCRERERT O EMEE AR R AL (B) HRLU .
L—ZRPE e oEEZEE OB T, A7y 7RO
254t (mean = -0.04m, SD = 0.05m, » = 0.89, p<0.001)
DH AT v THIE (mean =-0.02 steps/s, SD =
0.09 steps/s, 7=0.57, $p<0.001) EE~XT, EWLWAHE
BEMALNTZHDOD, ATy TEEXT Y THED
WA CHBRESWHENA SN,

X 7o, BEERNF R O EHE 13 FE S REERE (8 = 0.99)
M BOREL, ROTIEFFRERH (8=-0.95), ZRely
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Table 4 Difference of walking speed, step length and step frequency of all subjects (N=35) from the first
half of the race to the second half. Step length was divided into support distance and flight distance.
Step time, which was a reciprocal of the step frequency, was divided into support time and flight time.

7 to the difference 8 to the difference

Mean of walking speed of X’azll;igi;;é?ed
Walking speed (m/s) -0.15 0.22
Step length (m) -0.04 0.05 .89
Support distance (m) -0.01 0.05 0.32 0.70%3*
Flight distance (m) -0.02 0.06 0.59%#* 0.99
Step frequency (steps/s) -0.02 0.09 0.57%%*
Support time (s) 0.01 0.01 -0.69%* - (.87
Flight time (s) -0.01 0.01 0.49%* -0.95

M (B=-0.87), ZFFEHE (B=0.70) DJET, ZH 5D
WERE (P 130998 THH7/-. LrL, ThEhod
BB OAREZRET 572012, ThZhiC
DNWTHEZHEHLZEZA, HEHEE (1=9.92),
LR (1=7.82) ITDWTIZ 5B DHEEKNEE (1=
2.04) Z EE->TWAE=H00D, JEZEFERE (+=2.01),
JEZFRIERT (4 =1.86) X FlEl> Tz,
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Figure 1 (a) 1320km L — Z1ZBF 3 L — X i ¥
DBATHEZE L2 H DI FHIEE Wy Z=OBR
Z, () 3BT HEE EIIEN TRV F—EE (T)
ZOBBRZERLIZBDTH S, L —RRHiEEOSHTH
BRI Wi 2 (mean = -0.37 J/kg, SD =0.90 J/kg) &
BEBMBEZRIBN 7N (r=-007), T,7%
(mean = -0.46 J/kg, SD =1.02 J/kg) B E/XIEDH
BZE/RL (r=0.76, p<0.001), L —ZAHLITHBITS
T, DEDMRENE, FTEREDREFEPSL TN
7z.

Figure 21X I B X UDHITHBIT 5 L —XaiE &%
FIZBTDWy @ &ET,0) OFHE & EHERZEE
RLEZEDTHD., Wi 3BTRS THREL 28
T — D&, T,EIFEEE L 7287 — O B ARG 5T
DIZZEBEDORMZ, TNTNET. Wl DWTIE,
IBHEDHED L —AFIB L TCHEREZTA SN
Mo, LML, T,IZDWTiE, L—RAiE Tl I#E
(mean = 6.35 J/kg, SD=0.73 J/kg) ED#E (mean =
7.27 J/kg, SD=1.01]J/kg) DMICHELEENALN
(+=2.30, p<0.05), DEEDOFMKENS/=. £z, 1
HTRL—ARPEEBRETOT,OFRLREIA SN

#9<0.05, ** p<0.01, ***p<0.001

Temo/=m, DEETL — A% (mean =5.94 J/kg,
SD=0.77 J/kg) WHEBRBRT,OEVLNHA SN (1=
6.81, $<0.001).

(@) Wy
0) N=35
e 2 [ r=-0.07
ﬁ | | n.s.
] O O
S o Q0% %oo,‘ .
SN @) o 0O O
2 8
-3
®) T,
3
2 I o)

T, difference (J/kg)
o)
A
) c&u

O

-1
O N=35
O r=0.76
2 + -
O@ p<0.001
-3

-0.6 -0.4 -0.2 0 0.2 0.4 0.6
Walking speed difference (m/s)
Figure 1 Relationships of the walking speed difference to

the Wy, (a) and T, (b) between the first and
second halves of the races.
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@) Wy,

10 O First
@ B Second
=
> 5
S
" mm Cwm

0 .

Increase Decrease
(b) 7,
* Hkok

10 r L 1T L 1
e
=4
Z
< 5
=}
=

0
Increase Decrease

* p<0.05, *** p < 0.001

Figure 2 Changes of Wy, (a) and T} (b) between the first
and second halves of the races for Increase (N=
11) and Decrease (N=11) groups.

Phase 1 Phase 2
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D \/
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Figure 3 1%, [# & DO &R 12 BT 2 1 D B
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T/,
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Bl L Tz,

CBWTREICE
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Figure 3 Mean joint force powers (straight arrows) and segment torque powers (curved arrows) of the recovery (right) leg in
which the difference between the first and second halves of the races was significant for Increase (black arrows) and
Decrease (white arrows) groups (N=11, p<0.05). Arrows are indicated in the mean magnitude of the second half of

the races for each group.
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Figure 4 Mean horizontal component of joint force (a) and joint torque (b) at the recovery (right) hip for
Increase group at the first and second halves of the races.
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Figure 6 {3 D T 45 & [a145 1 C o [l 15 iR B &ii ()
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Tl, R-off EFEDJEEI MV Y (1=3.22, p<0.0D) &
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ZBETHEEICED L T BEEETH, R-off[E
BOME NIV Z (t=3.08, p<0.01) &EIEHEED
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Figure 5 Mean horizontal component of joint force at the recovery (right) hip (a) and knee (b)
joint for Decrease group at the first and second halves of the races.
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Figure 6 Mean joint torques at the recovery (right) hip (a) and knee (b) joint for
Decrease group at the first and second halves of the races.
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WRICR T DAY — S OEEHISTEEEORE
TRMBE RN o 7. ETz, TR ORISR TR
EEBIUIL — Ak EAREBMHEBEEA SN 2
ZEMmS, BIELZHNHEATOT —% OfRNDEE
IFEHTEDIFENEINOREBZEADIENTES.

BITHEE L — AR EDBERIIDNTA D &,
L — A& OBRTHEA L L — AR OMICITAE R
AR A NN, L L, HOEREERR
(Table 2) EIFHAERECHBEMNALN, L —AFiE
ERFOBITHEEDEN NI WFE L —ARTOH T
FRICH T 2EREBENE NS ELEVWA D, FDRD,
L — A T OB THE QMR- ING, Bl b



BT 20km FAD L — AREMIT & B2 S BITEE LI EN TRV F— DR DLk 149

WZBRR <, BilE DR EHEN T +—< > XD
BT DRBERFHTHIEEZENS.

Abbiss and Laursen (2008) 1%, 27U > b, E
PHEEAE, HEREBE, ik EICBIT 2308 LNT
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