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The effect of subjective effort on speed,
stride frequency and length and leg movement in sprint running
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Yukito Muraki **

Abstract

The aims of the present study were: a) to examine the movement of sprint running performed with vari-
ous efforts by the kinematic analysis, and b) to show that how to utilize changing effort in the sprint training.
Eight men and eight women, track and field athletes, took part in this study. They randomly performed sprint
running from a standing start with five different levels of efforts, which were 602, 70%, 80%, 90 2% and
100 %, where 100 % was maximum effort. The distances of sprints were 50 m for 60 %, 70 % and 80 % efforts
and 60m for 90 % and 100 % efforts. The sprinting movement of the maintain phase (last 10m) was filmed
with a high speed video camera.

Results show that decreasing effort resulted in a decreasing relative running speed. The kinematic param-
eter for striding changed dramatically at 90 % for men and 80 % for women. Decreasing effort lead to a de-
crease in stride frequency. This resulted in increasing flight time and vertical velocity at the moment of foot
release and decreasing knee flexion velocity during the recovery phase. Hip extension velocity during the
support phase correlated positively and significantly with effort in both sexes. Leg extension velocity correlat-
ed with effort in men, but not in women. In women knee extension velocity correlated significantly and posi-
tively with effort. This is the reason why increasing hip extension velocity did not lead to increasing leg ex-
tension velocity. Therefore it is considered that sprint running with sub-maximal effort (90 % for men, 80 %
for women) has a potential for training methods that bring out better sprinting movement.

Key words: subjective effort, sprint running, kinematic analysis
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Table 1  Characteristics of the subjects

Best Record

Body mass (kg) Body height (m) Age (year) of 100m (sec)
Men 67.5+£6.26 1.75+0.05 22.0+1.41 11.3+0.47
Women 52.4+5.03 1.63+0.04 20.3£1.51 12.8+0.23
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014

Fig. 1 Kinematic parameters on support lég (top) and swing leg (bottom)

01, 2 and 3: Hip, Knee and ankle joint angle at the moment of foot contact respectively; 6 4 and 5: Minimal knee and ankle joint
angle during the support phase respectively; 8 6, 7 and 8: Hip, knee and ankle joint angle at the moment of foot release respectively;
w1, 2 and 3: Maximal extension velocity of hip, knee and ankle, respectively, during the support phase; w4: Maximal swing back

velocity of the leg T during the support phase.

0 9: Leg angle at the end of follow-through; 6 10, 11 and 12: Hip, knee and ankle joint angle at the end of follow-through
respectively; 813: Minimal joint angle during the recovery phase; 6 14: Maximal thigh angle during the recovery phase; 815: Maximal
leg angle during the forward reach phase (latter recovery phase) ;616, 17 and 18: Hip, knee and ankle joint angle at the maximal leg
angle respectively; w 5: Maximal flexion velocity during the recovery phase; w 6: Maximal lifting velocity of the thigh during the
recovery phase; w 7: Maximal knee extension velocity during the forward reach; w8: Touch down velocity of the leg.

t The “leg” is represented by a line from the hip to the ankle.
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Table 2 Kinematic characteristics of men’s (top)and women’'s (bottom) sprint running at various effort (mean+SD of

all subjects)

Effort Running speed (m/s) Stride length (m) Stride frequency (Hz)  Contact time (sec) Flight time (sec)
60 8.46+0.54 * 2.20+0.12 3.85+0.15 * 0.114+0.007 * 0.146+0.007 *
89.2+4.82 101.9+3.36 87.6+4.81 111.9+7.83 116.7£7.21
20 8.69+0.57 * 2.20+0.13 3.96+0.16 * 0.113+0.011 * 0.140+0.010 *
91.543.60 101.8+3.99 89.9+4.17 110.5+8.95 112.0+5.78
80 9.06+0.51 * 2.19+0.13 4.14+0.10 * 0.108+0.008 0.134+0.007 *
95.5+3.68 101.5+3.32 94.1£3.90 105.1+5.86 107.6+4.63
90 9.27+0.56 2.19+0.10 4.23+£0.21 * 0.106%0.006 0.131+0.009
97.6+2.30 101.6+2.45 96.1£2.89 103.9+£5.91 104.4+4.86
100 9.50+0.52 2.16+0.08 4.40+0.19 0.103+0.008 0.125+0.005
Effort Running speed (m/s) Stride length (m) Stride frequency (Hz)  Contact time (sec) Flight time (sec)
60 7.57+0.31 * 1.97+0.09 3.84+0.26 * 0.121£0.012 * 0.140+0.018 *
93.244.44 102.8+2.37 90.6£3.11 107.9+7.65 113.0£8.95
20 7.76+£0.34 * 1.97+0.08 3.96+0.26 * 0.119+0.010 * 0.134+0.018 *
95.5+5.05 102.4+4.40 93.3+£4.08 106.2+5.34 108.3£9.41
80 7.96+0.17 1.94+0.09 4.11+£0.22 * 0.114+0.010 0.129+0.017
97.9+2.67 101.0+2.87 97.0+2.62 101.8+5.67 104.4+8.36
90 8.03+0.15 1.94+0.08 4.14+0.21 * 0.112+0.009 0.130+0.016
98.8+1.95 101.2+2.18 97.7+£2.01 99.6+5.32 104.9+6.47
100 8.13+0.11 1.92+0.09 4.24+0.18 0.113+0.009 0.124+0.010

The value shown with the smaller size of font at the lower line of each effort indicates a relative value of each sub-maximal effort to

the maximal effort as 100% .

Asterisk (*) shows a significant difference from the maximal (100%) sprint running (» <0.05) as determined by multiple comparison

tests (Holm-Sidak method).
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Table 3-1 Rank correlation between effort and each kinematic item during the support phase

Men Women

Joint angle at the moment of foot contact

Hip joint (61) -0.422 * -0.333 *

Knee joint (82) -0.379 * -0.440 *

Ankle joint (83) -0.232 -0.233
Touch down distance -0.186 0.037
Minimal joint angle during the support phase

Knee joint (84) 0.240 -0.115

Ankle joint (85) -0.018 0.028
Joint angle at the moment of foot release

Hip joint (86) -0.104 -0.018

Knee joint (87) -0.101 0.182

Ankle joint (88) -0.198 -0.301
Maximal extension velocity during the support phase

Hip joint (w1) 0.347 * 0472 *

Knee joint (w2) -0.101 0.396 *

Ankle joint (w3) 0.115 0.032

Leg (w4) 0.537 * 0.276

Asterisk (*) shows significant correlation (p<0.05)

Table 3-2 Rank correlation between effort and each kinematic item during the recovery phase

Men Women

Joint and leg angle at the end of follow-through

Leg (89) 0.213 0.318 *

Hip joint (810) -0.198 0.186

Knee joint (811) -0.226 0.078

Ankle joint (812) 0.257 0.254
Minimal joint angle during the recovery phase (613) -0.514 * -0.020
Maximal thigh angle during the recovery phase (814) 0.248 0.021
Joint and leg angle at the maximal forward reach

Leg (615) -0.080 -0.261

Hip joint (816) -0.497 * 0411 *

Knee joint (817) -0.669 * -0.522 *

Ankle joint (618) -0.320 * -0.314 *
Maximal flexion velocity during the recovery phase (w5) 0.859 * 0.646 *
Maximal thigh lift velocity during the recovery phase (w6) 0.262 0.276
Maximal knee extension velocity during the forward reach (w7) 0.446 * 0.146
Leg touch down velocity (w8) 0.620 * 0.452 *

Asterisk (*) shows significant correlation (p<0.05)
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Fig. 2  Vertical and horizontal velocity of the body’s

center of gravity at the moment of foot release
in each effort (Filled Plot: men, Blank Plot:
women).
Asterisk (*) shows significant difference from the
maximal (100%) sprint running (»<0.05) as determined
by multiple comparison tests (Holm-Sidak method).
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Fig. 4 Relative angular velocity to the maximal effort
(100 %) of the lower limb during the supra-maxi-
mal sprint running with sub-maximal effort.

Asterisk (*) shows a significant difference from the

maximal (100 %) sprint running (p<0.05) as determined

by one sample ¢-tests (two-tailed, the hypothesized

mean = 100).
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