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RELATIONSHIP BETWEEN THE ABILITY TO MAINTAIN JOINT
TORQUE AND MUSCULAR ENDURANCE OF LOWER
LIMBS DURING 400 m RUNNING

MiTsuGt OGATA, YOSHIAKI MANABE, MEGUMI TAKAMOTO and KiyoONoBU KIGOSHI

Abstract

A study was conducted to investigate the relationships among changes of joint torque of the
lower limbs, sprint ability such as sprint speed, stride length and stride frequency in 400 m running,
and muscular endurance of the lower limbs. Subjects were 11 male track and field athletes who had
a 400 m running time of 48.75%+1.32s. The experiment was composed of videotaping sprint form at
160 m and 360 m points during 400 m running, and measuring muscular endurance of hip and knee
flexion and extension using Cybex Norm™,

The main results were as follows :

1) There was a significant relationship between 400 m running time and ability to maintain a higher
running speed at the 360 m point.

2) Running speed, stride length and stride frequency decreased significantly at the 360 m point.

3) Subjects who showed a smaller decrease in stride frequency at the 360 m could maintain higher
running speed.

4) Subjects who showed smaller decrease in maximal joint torque of the lower limbs at the 360 m
could maintain a higher running speed.

5) There was a significant relationship between an increase in support time and decrease in max-
imal joint torque of hip extension for the recovery leg.

6) Ability to maintain joint torque during 400 m running was influenced by muscular endurance of
the lower limbs.

These results suggest that the ability to maintain torque needed for higher performance in 400 m
running is influenced by muscular endurance of the lower limbs.

(Jpn. J. Phys. Fitness Sports Med. 2003, 52 : 455~464)
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6 2:knee joint angle.
w2 hip joint extension.

Definitions of joint angle and angular velocity.

6 1: hip joint angle
w1 hip joint flexion
Fig. 1.
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160m : Date at the 160m point during 400m running.
360m : Date at the 360m point during 400m running,
Fig. 2. Model pattern for changes of torque during recovery phase.
Table 1. Comparison of sprint ability, sprint from and joint tprque between the

160 m and 360 m points during 400 m running.

Variables 160 m point 360 m point  Change ratio (%)

Sprint ability

Running velocity (m/s) 8.44+0.13 7.31+0.29 -134 ™"

Stride length ( m ) 2.26+0.10 2.05+0.09 -93 ™

Stride frequency (Hz) 3.74%0.14 357x0.14 -45 "™

Support time (s ) 0.119+0.010 0.136+0.007 143"

Non—support time ( s ) 0.149+0.015 0.138+0.015 -7.4
Maximal torque (Nm)

Hip flexion 204.8+36.2 189.5+28.1 -14

Hip extension 2005+284 1829+373 -8.8

Knee extension 51895 472111 -89

Knee flexion 1064+193 895+171 -159"
Joint angle (deg)

Minimal knee angle 31.2+50 35154 125™

Minimal hip angle 102.4+39 108.9+6.5 6.3 "
Joint angular velocity (rad/s)

Maximal hip flexion 16.05+2.79 13.08+0.83 -185 ™

Maximal hip extension 8.99+1.60 6.95+1.25 -227 "

Change ratio : (Value at the 360 m point-Value at the 160 m point)/(Value at the 160 m point) X 100
5 p<0.001, ** 5 p<0.01,* ; p<0.05
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Fig. 3.
stride length and stride frequency.
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Table 2. Correlation matrix among change ratio of torque, velocity, Stride length and
stride frequency.
Variables 1) 2) 3) 4) 5) 6) 7 8)
1) Running velocity -
2) Stride frequency 816 -
3) Stride length 454 -143 -
4) Support time -591  -818*™ 255 -
§) Non-support time 020 258 -359 -173 -
6) Maximal torque of hip flexion 698* 670* 165 -666* 082 -
7) Maximal torque of hip extension 626 * 895™ -307 -912** 232 647 * -
8) Maximal torque of knee extension 608 * 463 330 232 179 573 163 -
9) Maximal torque of knee flextion 659 * 742 -031 -487 ~126 432 530 352

Change ratio : (Value at the 360 m point-Value
Decimal points are omitted. *** ; p<0.001, **

at the 160 m point)/ (Value at the 160 m point) X 100

; p<0.01,*; p<0.05
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Table 3. Correlation among results obtained from the measurement of muscle strength,
and 400 m running time and change ratio of torque and sprint ability.

Coefficient correlation

400m Sprint ability Maximal torgue
Variables Mean+SD. running Running Stride Stride Hip Hip Knee Knee
time velocity length _frequency flexion _extension extension _ flexion
Maximal strength
(Nm/kg)
Hip flexion 2.11%£0.30 008 -245 024 -282 -334 -155 -166 014
Hip extension 360053 585 -636* -079 -651* -332 -525 -287 036
Knee flexion 1.61+0.16 -091 -177 -246 -033 -088 -097 -031 016
Knee extension 2.20+0.34 -060 438 -210 591 390 591 404 -388
Muscular
endurance (%)
Hip flexion 63.4+10.1 549 751 223 692" 675" 747* 105 574
Hip extension 737118 -449 651" 141 631" 423 554 282 275
Knee flexion 54.1+54 1 -356 202 -521 565 553 785" 077 297
Knee extension 552+ 6.6 -470 280 -378 552 229 681 177 232
Mean value of
work (J/kg)
Hip flexion 1.64+024 -155 -057 164 -162 -151 012 -001 -382
Hip extension 3.32+044 267 -342 449 -601 -467 -582 -308 -453
Knee flexion 1.24+0.13 -161 -135 -444 137 006 053 -082 360
Knee extension 1.74+0.24 -168 363 376 036 316 188 049 512

Change ratio : (Value at the 360 m point-Value at the 160 m point) / (Value at the 160 m point) X 100

Decimal points are omitted. > p<0.01, * p<0.05
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KITZEDRERN S, 400m EHRFIZBWT T
BIET bV 7 2 MEREC X BEENIE Y Y FHERRICE B
ICBR LERERBRICEEL RIZLTVwE Z
&, KRR B L OMHE bV s 2T B8
u,%%%ﬁiﬁ%%%@@%-@@ﬁ@ﬁ@%
TAHHOFAINEEAZITTVDE I EHTRE S
n7.

V. B #9
KOO HBYIE, 400m EFOREE bV 2y D%
{LeEHE, EvFBLUOANIA FOBLED

BItR, 400m EHFD bV o FIEOFELRE S & AT
ZRL L TOTRHOHREAT & DBRT IR 5

ZETHo7. 400m @ 48.75+£1.32s NA bED
BREETAIBRAEEN B HWME L L, 400m EIZ
BT HHF(160m Hhri), %4 (360m H ) DI
EEEOHRE, FEREEBICBI A0 - REEE
B AL lE L7

FLRERIUTOEY)TH D,

1) 400m EHRPFICBVWTHEEZHERL TV

X 400m £ 14 L3E - 72,

2) BEE, EvFBIURAIIA FEBIZHRE

THEIETL..

3) ERELRLE L RBEEEH - MRS L OHE

HifRE - MED PV Y BB L IZEE L IEOM

BRERICHD, ML oot cEsE T LER

FELHMRFTELLVHIERIRDO LN,

4) EREEAFRIE y FEAREGE L IEOM

BIRLRIC, v FEAEFRRIE v F 2R T 5

B OELER L OBICH Z 2B OMEEG

WZHo7z. Z09) bOXFERRELE, K

RAEI(RE - JEM MV o RILFR L ORMICEERIE

DEBIFBDOLNTZ. TREDT &6, %t

TOY v FOMFICIE, R bV 2 OFkihe

NN EBEERITTEEZEZIOSNS.

5) BEAEBfER bV 7 2 b & B B EN T B AR FRE A

1, WRBAERfRRE bV o 2 bR L EBAEIE M A+

AN E DM B LBER?EED LR, KT

BN TH 5 HEFATIVEBEOHTO MV 7 5

HORFHREIIZELYFHEODZIEFHEL MR-

7.

Doz &b, 400m HEEFO TR bV
7 DRHREE, v FHEFFRED B L OGRS
FREDICRELRIZL, RNERTH S THEOW
BANCEE ST TWA I EAREENT.
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