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Figure 1. Spring-mass model in running. The leg spring is
compressed during the first half of the stance phase and rebounds
during the second half. Maximal vertical displacement of the
center of mass during ground contact is represented by A yc.
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Figure 2. Changes in vertical stiffness and forward velocity as a
function of distance.

Table 1. Spring-mass characteristic for every 50 m interval.

S0m 100 m 150m  200m  250m  300m 350m  400m
I, ms 114 110 114 118 128 136 139 144
{1y, ms 146 158 160 164 154 149 145 151
Fosc o kN 253 270 2.67 2.65 243 233 2.26 228
Av.,m 0.031 0.031 0.033 0.035 0.036 0.038 0.038 0.041
Sanges Hz 1,98 1.96 1.92 1.87 1.95 1.84 185 1.77
Lovigesm 381 4.58 4.54 448 421 437 4.28 437
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Figure 3. Relationships between vertical stiffness and forward
velocity (A), stride frequency (B) and stride length (C).



400m BB B FHAT 4 7 4 2 DRBEEAL

Figure 3 42 Kvere £ B (A)\ fiwride (B) % & UF Locride
(C) LOMBERT o Kere LERER L — 22K Pl U
THRELIEOHBIYEPHERS NI (£=0561), MA T,
Kvere 1 firriae £ S HESHIBIBRIZH 5 2 EHRERRS Al
(r=0820) ZD—75\ Lide & DEYATLHIBIBIFRI
Ronih-1:(r=0.037).

I\

FHRDHMIZ, 400m It 5 T S (Ker)
ORISELEBEL, ET7+r—<= X LOHBIZO
T+ LPHWE LIc, REBRTIX, LEMES
N 723 53N (Morin et al, 2005. 2006) #FIH ¥ 5 2 L T,
il S ET 2 D 37U Koo T— S BICRINL 720 E1T0F
FETIEAIEAS 6.5-8.0 m/s (W% L BB L 7CHBEHIR)
DL 3 K DIHH70-100 KN/ mBETH Y . AHFIR
THONIH LRV TDH - o (Aramparzis et al., 1999;
Kuitunen et al., 2002; Morin et al., 2006) o £ 7o, ARIHER
TIXBBRE A SR ISR W 2555 U ICIns BT B ocic %
JLE Ml & TR R M2 RIE L Tc. AFERHOTRN
LIcHMm %, 7+ —R2AFv— b LU RAE—=F
A AT TR LICETHIROBE L BT L, v—RAD
fif2 (100 m %5 & 07160 m #47) k% (360 m & & 1400
m HA5) T2 N F kR »° 119-125 msH* 6 136-143
ms~EERETA LI ET—HL Ty 5 (Nummela et al,
1992, 1994; RS 2003)s 5 LR ALBRTHG
RS L CEERL > THHENIHVRYTH
BIEERIELTVA,

K LEMAEIX E 2R Z—PEEIGMML, SO-
100m [X M Tl KHEL 7128, v —ARBUEAIUT—
BB T3 aiiacd o7 (M2)o Z U T Kverr £ EMSE
L —ALfEiliC THELIEOH M MHE RS e
(K13-A)o 2% H, 400mEPIZ Kere EFIDH B 2 EIGE
ML ORI 23 U T 400miED/ 3T 4 —= Y ARMLTE
AUREMED H B, ZOFBIGEHEORHNLIH T
Ko KT 2 2 L 2HIELCERTHIRONA L —BT
% (Aramparzis et al., 1999; Blickhan, 1989; He et al, 1991;
Hobara et al., 2009a; Kuitunen et al., 2002; McMahon et al.,
1990; Morin et al., 2005, 2006; Slawinski et al., 2008), Ml
2Ty Kl frrride L ERLHBMBRCH 2 2 EAFERS
N7 (X3-B)o kDRI Farley and Gonzalez (1996)
L THRENTV B, & o THAWEDHRIL 400m 3
HUZ Koere ZRGD 5 2 LS firide DS € 5 2 & TRBE
PRIKS €, 400mED T —< A%H L3¢ I B2
ERRIELTV 5, Kvert 289 5 P LTk, OBk
Ex L rv—=r 2B L UBRBR N —= 7

2 HOWMICIT) 2 & (Hobara er al, 2008, 2009b, 2009¢)

- 95 -

QT BMHBBFOHEBL X vEiH 5 2t (Hobaraetal,
2007). QF MO TRMEAIEE & Y MPERLLCRFFT
% 2 L (DeVita and Skelly, 1992; Farley et al., 1998; Hobara
etal.,, 2009d; McMahon et al., 1987) #6575 5,

V FEH

ABFFREO B BIX. 400mEIZI51T B T SMFE (Kier)
DR ELPBREL., BWHT + —~ v 2DYHEIIOV
TRETHILTH-T FMRTHONTHRYOG,
400m FEFU Kiere ZHD 5 8L firrid DM E B L T
HEEPREEL, 400mED T+ —= AR EIEI B
I EARES NI,

BENM

Arampatzis, A., Bruggemann, G.P., Metzler, V. (1999) The effect
of speed on leg stiffness and joint kinetics in human running.
J. Biomech., 32: 1349-1353.

Blickhan, R. (1989) The spring-mass model for running and
hopping. J. Biomech., 22: 1217-1227.

DeVita, P, Skelly, W.A. (1992). Effect of landing stiffness on
joint kinetics and energetics in the lower extremity. Med. Sci.
Sport. Exerc., 24: 108-115.

Farley, C.T., Gonzalez, O. (1996) Legstiffness and stride
frequency in human running. J. Biomech., 29: 181-186.
Farley, C.T., Houdijk, H.H.P,, Strien, C.V., Louire, M. (1998)
Mechanism of leg stiffness adjusement for hopping on
surfaces of different stiffnesses. J. Appl. Physiol., 85: 1044-

1055.

He, J.. Kram, R., McMahon, T.A. (1991) Mechanics of running
under simulated low gravity. J. Appl. Physiol., 71: 863-870.

Hobara, H., Inoue, K., Gomi, K., Sakamoto, M., Muraoka, T., Iso,
S., Kanosue, K. (2009a) Continuous change in spring-mass
characteristics during a 400m sprint. J. Sci. Med. Sport, in
press.

Hobara, H., Inoue, K., Muraoka, T., Omuro, K., Sakamoto, M.,
Kanosue, K. (2009d) Leg stiffness adjustment for a range of
hopping frequencies in humans. J. Biomech., in press.

Hobara, H., Kanosue, K., Suzuki, S. (2007) Changes in muscle
activity with increase in leg stiffness during hopping.
Neurosci. Lete., 418, 55-59.

Hobara, H., Kimura, K., Omuro, K., Gomi, K., Muraoka, T., Iso,
S.. Kanosue, K. (2008) Determinants of difference in leg
stiffness between endurance- and power-trained athletes. J.
Biomech., 41, 506-514.

Hobara, H., Kimura, K., Omuro, K., Gomi, K., Muraoka, T.,
Sakamoto, M., Kanosue, K. (2009b) Diffcrences in lower



ORI H R

extremity stiffness between endurance-trained athletes and
untrained subjects. J. Sci. Med. Sport., in press.

Hobara, H., Muraoka, T., Omuro, K., Gomi, K., Sakamoto, M.,
Inoue, K., Kanosue K. (2009c) Knee stiffness is a major
determinant of leg stiffness during maximal hopping. J.
Biomech., 42, 1768-1771.

Kuitunen, S., Komi, PV,, Kyréliinen, H. (2002). Knee and ankle
joint stiffness in sprint running. Med. Sci. Sport. Exerc., 34:
166-173.

McMahon, T.A., Cheng, G.C. (1990) The mechanics of running:
How does stiffness couple with speed? J. Biomech., 23:
65-78.

McMahon, T.A,, Valiant, G., Frederick, E.C. (1987) Groucho
running. J. Appl. Physiol., 62: 2326-2337.

Morin, ].B., Dalleau, G., Kyrolainen, H., and Belli, A. (2005).
A simple method for measuring stiffness during running. J.
Appl. Biomech., 21: 167-180.

Morin, J.B., Jeannin, T., Chevallicr, B., Belli, A. (2006) Spring-
mass model characteristics during sprint running: correlation
with performance and fatigue-induced changes. Int. J. Sports.
Med., 27: 158-165.

Nummela, A., Rusko, H., Mcro, A. (1994) EMG activities and
ground reaction forces during fatigued and nonfatigued
sprinting. Med. Sci. Sport. Exerc., 26: 605-609.

Nummela, A., Stray-Gundersen, J., Rusko, H. (1996) Effect of
fatigue on stride characteristics during a short-term maximal
run. J. Appl. Biomech., 12: 151-160.

Nummela, A., Vuorimaa, T., and Rusko, H. (1992) Changes in
force production, blood lactate and EMG activity in the
400-m sprint. J. Sport. Sci., 10: 217-228.

REET, HMITW, WA, ARITE (2003) 400 m ERDT
IR b v 2 FEBEHES) L T IROMRAY: E OBt #H
Fhe, 52:455-464.

Slawinski, J., Heubert, R., Quievre, J., Billat, V., Hanon, C. (2008)
Changes in spring-mass model parameters and energy cost
during track running to exhaustion. J. Strength. Cond. Res.,
22: 930-6.

RS

BRE W

T 3598555 MEMBTiRTEA4-1

EVRHE Y Y F— a vt 2 —TER
TIGHRAE R B BT FE 85 (AR R AE RO T 78 58)
Tel: 042-995-3100 (PI#R 2526)

E-Mail; hobara-hiroaki@rchab.go.jp

— 96 —

Vol. 1





