AW RFEFTFERAE  Bull Health & Sport Sciences, Univ. of Tsukuba 14:189—199, 1991. —189—

ERMEDE R L —= > Jic b BN
——FB|HE ML=y ORISR ——

ok

& E 2~ K E A-F T & B-F T

Optimal towing force and the immediate post-training effect
in the isotonic towed sprint

Nobuyuki ITO, Yukito MURAKI, Michiyosi AE and Ken MIYASHITA

Some kinematic and kinetic variables of the sprint running at the maximun velocity were in-
vestigated with a high speed videography to obtain findings on optimal towing force and the im-
mediate post-training effect in the isotonic towed sprint training. Towing machine was specially
designed to pull a runner at various isotonic towing forces through a pulling cable during the
sprint running. Subjects were three male high performance sprinters and five male horizontal
jumpers.

The results were summarized as follows;

1) Optimal towing force was estimated between 1.5 and 3.0kg. Because the biomechanical
variables remarkably changed at 4.5kg, although the running velocity was increased with the in-
crease in towing force.

2 ) In the high performance group, the running veliocity and the stride frequency were in-
creased and the maximal negative power of the knee flexor in.the recovery phase was signifi-
cantly greater at 3.0kg and 4.5kg than normal running (P<0.05).

3 ) At the normal running after towing, the high performance group increased their stride
frequency, and the running velocity significantly increased than at the normal running before

towing (P<0.05).
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Table 1 Physical characteristics of the subjects (mean+SD).

Age(y) Height(m) Weight(kg) 100msprint record(sec)
All subjects N=8 21.1£1.1 1.76+0.03 67.8+5.41 11.0140.47
Upper group N=3 21.7+0.5 1.74+0.04 68.3+0.50 10.50£0.21
Lower group N=3 20.7+1.3 1.78+0.02 70.24+7.70 11.53+0.05
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@left foot contact, @midsupport of the left foot, @left toe-off
@the end of the follow-through of the left foot,

®right foot contact, ®midsupport of the right foot, @right toe-off
®the start of backward swing of the left foot

Phasel : @—@), Phase2 : @—®, Phase3 : @—@, Phased : ®—®
Phase5 : ®—®, Phase6 : ®—@, Phase7 : D—@®, Phase8 : ®—-O

Fig. 1 Division of one running cycle
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1 : Hip angle 3 : Thigh angle
2 : Knee angle 4 : Shank angle

Fig. 2 . Joint angles and segment angles k

Muscle torque :Knee

FX2= -ﬁ\zAXz' FX]
FYy = ~m2AY;* FY)-W»
Tz=-lwy T
(X1-X)FY] = (Y1-Y)F X
~(X2-X ) F¥y* (Y2-Y)FX,

Muscle power
AV, joint angular velocity

Muscle work

2
Wml = L]Pmi dt

Fig. 3 Planar link segment modle used to compute joint muscle torques, muscle powers, and mucle works.
(x, y, coordinates of segment endpoints and center of gravity; AX, AY, accelerations of the seg-
ment; W, segment weight; m, segment mass; FX, FY, joint forces; T, joint torque; I, segment moment
of inertia; AV, joint angular velocity; Pm, mechanical muscle power; Wm, mechanical work done by
muscles) '
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Table 2 Mean values of the running velocity, the stride length and the stride frequency (mean+SD).

Variables Maximal Towl.5 Tow3.0 Towd.5 Post-max.
Running velocity(m/s) 9.96£0.21 10.40%0.33% *x %  10.63+£0.38% * %  10.82+0.28% * % 10.01+0.28
(%) +4.44+1.83 +6.69+1.96 +8.70+1.72 +0.48+1.85

Stride length(m) 2.13+0.05 2.20£0.07 % 2.25£0.06 % * * 2.31+0.06% % %  2.12-+0.03
Distance of support phase(m) )

First half 0.46+£0.05 0.51+0.06 0.4940.04 0.50£0.03 0.46+0.02

Second half 0.51£0.05 0.48-:0.05 0.50+0.04 0.46+0.06 0.50+0.02
Distance of non-supprt phase(m) 1.16+0.07 1.21+£0.04 1.26+0.07 % 1.34+0.06 % * 1.164+0.03
Stride frequency (Hz) 4.67+0.13 4.74%0.17 4.72+0.19 4.70£0.15 4.7240.14
Time of support phase(ms)

First half 466 49+5 47+4 48+3 4714

Second half 49+5 43+4 44+5% 41+5% 46+2
Time of non-support phase(ms) 122+6 120+6 120+6 125+8 116£5

Significance was tested between towed runnings and maximal running, post-maximal running and maximal

running;

*P<0.05, * *P<0.01, % * *P<0.001.
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Fig. 4 Relative values of the running velocity, the stride length and the stride frequency of towed run-
nings and post-maximal normal running to the maximal running before towing.
Significance was tested between towed runnings and maximal running, post-effected running and
maximal running;
*P<0.05, * *P<0.01, * % *P<0.001.
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Table 3 Segment angles and angular velocities of the lower limb (mean=+SD).
Variables Maximal Towl.b Tow3.0 Tow4 .5 Post-max.
Hip
Angular velocity (deg/s)
Phase 4 -493.7454.8 -442.8+ 58.8 ~430.2+ 65.6 -441.01+ 62.9% -459.0+ 68.4
Phase 5 ~698.6£73.9 -756.4%+ 65.7 -715.2+£129.7 -715.4+ 98.7 . -715.8+ 90.3
Maximal velocity of extension 436.0+64.7 486.4% 61.9% 495.8+ 61.5 537.2+ 94.4% 570.7+ 84.6% *
Thigh
Angle(deg)
Touchdown 29.1+ 4.3 28.9+ 3.6 29.5+ 2.2 25.6% 2.2% 27.1% 4.3
take-of -25.9+ 3.5 -22.3+ 3.7% -22.8+ 4.4% -18.8+ 7.4x% % -23.3+ 3.5
Angular velocity(deg/s)
First half of support -524.31+42.6 -492.5+ 82.5 -478.84 54.4% -366.4% 94.5% % -467.0:£124.7
Knee
Angle(deg)
Touchdown 152.4% 6.5 156.7+ 5.5 154.7+ 5.6 162.7+ 4.6% % 154.5+ 6.4
Take-off 154.6+ 5.8 152.0+ 4.0 151.6+ 4.5 148.2+ 10.3% 152.2+ 5.6
Contralateral touchdown 74.4+10.4 63.6f 6.5% 60.7% 4.9% % 66.4+ ' 8.4% 60.24 10.4% *
Angular velocity(deg/s)
First half of support -220.4453.7 . -305.6+123.5 -330.0% 84.1% % -510.2+172.3% % * -323.5+130.8
Phase 7 1070.3+58.5 1127.5+ 65.6% * 1207.7£117. 1% % 1258.6+138.4% 1102.24111.0
Shank
deg(deg)
touchdown 1.5+ 3.7 5.6t 4.2+ 3.2 8.2+ 3.3% 1.6+ 3.0

Significance was tested between towed running and maximal running, post—maximal running and maximal

running;
*P<0.05, * *P<Q.01, * %k P<0.001.
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Fig. 5 Changes of the positive work at the hip joint and the negative work at the knee joint during the re-

covery phase of towed runnings.

Table 4 Mean values of the subjective intensity (mean+SD).

Maximal Towl.5 Tow3.0 Towd.5 Post-max.
Degree of effort(%) 100.0 86.91+9.0 91.3+6.5 92.5+7.1 90.6+£10.1
Easy/fearful (difficulty) 0.0 +2.3+0.7 -0.1+0.6 -1.8£1.8 0.8+1.27
Running form 0.0% 12.5% 37.5% 37.5%
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