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Relationships between movement as well as joint torque during

sprint running and isokinetic maximal strength

Nobuaki Watanabe'?, Yasushi Enomoto’, Keigo Ohyama Byun®,
Ken Miyashita®, Mitsugi Ogata‘ and Shigeru Katsuta’

Abstract

The purpose of this study was to investigate the relationships between kinematics and kinetics
during sprint running, and isokinetic maximal strength of the lower limb. Sixteen male sprinters
(100 m time: 10.88 + 0.26 s) ran 60 m at maximal effort and their movements were recorded with a
high-speed video camera in order to obtain the kinematic data. Ground reaction force was measured,
and the joint peak torque and torque power at the right hip, knee and ankle were calculated. Isoki-
netic maximal strength was measured during concentric and eccentric flexion/extension of the hip,
knee and ankle joints at 30, 180 and 300 deg/s. The results were as follows:

1) There were significant correlations between sprinting speed and maximal knee extension ve-
locity during the support phase (r=—0.52, p<0.05), joint torque of hip flexion during the recovery
phase (r=0.55, p<0.05), joint torque of hip extension during the recovery phase (r=0.55, p<0.05), joint
torque of knee extension during the support phase (r=0.58, p<0.05), and joint torque of ankle plan-
tarflexion during the support phase (r=0.59, p<0.05).

2) There were significant correlations between isokinetic strength of hip flexion (concentric: all
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angular velocities, eccentric: 30 deg/s) and joint torque of hip extension during the recovery phase
(r=0.53-0.64, p<0.05-0.01). Isokinetic strength of knee flexion (concentric: 180 deg/s, eccentric: all
angular velocities) and joint torque of knee flexion during the recovery phase were also correlated
significantly (r=0.50-0.64, p<0.05-0.01). Furthermore, there were significant correlations between

isokinetic strength of plantarflexion (concentric: 180 and 300 deg/s) and joint torque of plantarflex-

ion during the support phase (r=0.56 and 0.64, p<0.05 and 0.01, respectively).

3) There were significant correlations between sprinting speed and isokinetic strength of flexion
and extension at the hip and knee (r=0.50-0.72, p<0.05-0.01).

From these results, it is suggested that isokinetic maximal strength of the lower limb influence

kinematics and kinetics during sprint running. Therefore strength training is one of the keys for

changing the sprinting movement subsequent to high sprint running performance.

Key words : sprinting speed, kinematics, kinetics, muscular strength, lower limb
(Japan J. Phys. Educ. Hlth. Sport Sci. 48: 405-419, July, 2003)
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Table 1 Physical characteristics and kinematic
variables of subjects in experimental sprinting

Mean SD
Age (yrs.) 20.6 1.4
Height (cm) 1756 51
Weight (kg) 69.0 6.3
Personal best of 100m 10.88 026

(sec.) (n=15)
Kinematic variables of experimental sprinting

Sprinting speed (m/s) 9.86 0.26
Stride frequency (Hz) 431 1018
Stride length (m) 2.29 0.11

Number of subjects : n=16
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Fig 1 Definition of kinematic variables.
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Fig2 Typical patterns of joint torque and torque power about hip. knee and ankle during sprint running.
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Table 2 Correlation coefficients between sprinting speed and kinematic as well as kinetic variables

Sprinting Sprinting
speed speed
Stride length 0.36
Stride frequency 0.22
Recovery phase Support phase
Angle Angle
Max. thigh lift (6 1) 0.09 atfoot contact  Hip (9 4) - 0.14
Min. knee (8 2) - 0.09 Knee (6 5) 0.20
Max. leg (8 3) 0.16 Ankle (6 6) 0.38
minimal Knee (6 7) 045
Ankle (6 8) 0.30
Hip (8 9) - 041
at take off Knee (6 10) - 001
Ankle (0 11) 0.12
Angular velocity Angular velocity
Max. thigh lift (w 1) — 040 Max. Extension Hip (w 5) - 0.19
Max. knee flexion (w 2) 0.20 Knee (w 6) - 052"
Max. knee extension (w 3) - 0.08 Ankle (w 7) 0.01
Max. leg touch down (w 4) 0.32 Leg swing (w 8) 0.19
Joint torque Joint torque
Hip flexion 0.55" Hip flexion 0.29
Hip extention 055" Hip extension 0.20
Knee flexion 0.45 Knee flexion 0.38
Knee extension 0.38 Knee extension 0.58"
Ankle dorsiflexion 041 Ankle plantarflexion 0.59"
Ankle plantarflexion 0.04

p <005
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Sprinting speed (m/s)

Joint torque of hip extension during recovery phase (Nm)
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Table 3 Isokinetic maximal strength of subjects

Concentric Eccentric
30 180 300 30 180 300
Hip flexion mean 167.2 1259 919 179.7 1629 170.1 1

SD 28.7 183 13.0 36.8 304 31.0

extension mean 3306 258.6 206.7 3840 71 3506 11 349111
SD 93.7 457 336 63.3 476 65.7
Knee flexion mean 156.5 120.4 99.9 1747 1844 1795
SD 30.4 17.1 16.3 420 31.7 25.3
extension mean 226.5 1609 1185 281.3 259.9 271.2
SD 46.3 25.0 215 80.7 61.0 59.1
Ankle dorsiflexion mean 248 9.8 6.1 39.3 39.3 414
SD 33 29 09 6.8 7.2 6.0
plantarflexion mean 103.9 52.0 299 121.1 109.2 98.8
SD 28.1 127 89 319 30.2 31.3

1. 30, 180, 300: Angular velocity (deg/s)
2. Number of subjects: n=16

T Eccentric hip flexion at 300 deg/s: n=15

T'T Eccentric hip extension at all angular velocities: n=14
3. Value shows mean * SD (Nm)
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Fig 4 Relationships (a) between concentric strength of
hip flexion at 180 deg/s and joint torque of hip exten-
sion during recovery phase. (b) between eccentric \Y] % =
strength of knee flexion at 180 deg/s and joint torque
of knee flexion during swing phase and (c) between
concentric strength of ankle plantarflexion at 300 deg/s
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Table 5 Correlation coefficients between sprinting speed and isokinetic maximal strength

sprinting sprinting

speed speed

Hip flexion con. 30 0.62* Hip extension con. 30 0.41
180 0.72* 180 0.52

300 0.70* 300 045

ecc. 30 0.58" ecc. 30 0.01

180 0.31 180 0.29

300 - 0.10 300 0.25

Knee flexion con. 30 0.31 Knee extension con. 30 0.28
180 051" 180 0.50"

300 047 300 0.37

ecc. 30 0.29 ecc. 30 0.35

180 052" 180 0.31

300 0.34 300 0.37

Ankle dorsiflexion  con. 30 0.29 Ankle plantarflexion con. 30 0.18
180 0.02 180 0.37

300 0.06 300 0.34

ecc. 30 0.33 ecc. 30 0.15

180 0.35 180 0.28

300 0.33 300 0.22

1. 30, 180, 300: Angular velocity (deg/s)
2. con.: concentric. ecc.: eccentric
3."p < 0.05, *p < 001
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