WHREFBERFERAIE  Bull, Health & Sports Sciences, Univ. of Tsukuba 9 : 229—239, 1986.

BT —r bR T-EEIZHBITS
TRHEOKEES L URRE

fr . & R-® T Eem o &
AR BEE—EE-¥ I il = '

Mechanical powers and contributions of the lower limb
muscles during running at different speeds

Michiyoshi AE, Ken MIYASHITA, Takashi YOKOI,
Shoichiro OOKI, and Kanji SHIBUKAWA

The purposes of this study were to examine changes in mechanical powers and works at each of
the lower limb joints with increase in running speed, and to identify the functions of the lower limb
muscles and their contributions to running speed, stride length(SL) and stride frequency(SF).

Five male sprinters were instructed to run at different speeds(ca. 3 m/s to 10 m/s) and contact
with a force platform, and were filmed with a high speed camera. A link segment modelling was used
to compute joint torques of the lower limb. Mechanical absolute, positive, and negative works(ABW,
PW,NW) done by the muscles were calculated by integrating mechanical power(product of joint
torque and joint angular velocity) during each of eight phases(phase 1, right foot contact to mid
support of the right foot; phase 2, to right toe-off; phase 3, to the end of follow-through of the right
foot; phase 4, to left foot contact; phase 5, to mid support of the left foot; phase 6, to left toe-off; phase
7, to the start of backward swing of the right foot; phase 8, to right foot contact).

With increase in running speed, total ABW of the lower limb muscles increased and that of max.
speed was 3.1 times of slow speed. ABW done by the hip muscles most remarkably increased(5.2 times
of slow speed), while those of the ankle and knee were 1.7 and 2.8 times, respectively. With running
speed, the mechanical works remarkably increased at phases 1{(NW) and 2(PW) for the ankle, at
phases 1,4, and 7(NW) for the knee, and at phases 2(NW) and 4,7,8(PW) for the hip.

The major functions and the contributions of the lower limb muscles could be summarized as
follows;

1) Plantarflexors exerted both positive and negative mechanical powers and primarily did work
during support period.

2) Knee extensors absorbed energy at the former half of support period. Knee flexors decelerated the
shank rotating forward prior to contact and thereby helped to increase SF. »

3) Hip flexors played an important role in pulling the recovery leg in the former half of recovery
period. Hip extensors, especially at fast speed, swung the recovery leg backward prior to contact.

4) Plantarflexors contributed to SL during support period and to SF in the phases prior to contact.

The muscles about the knee and hip joints contributed to both SL and SF, exerting negative power

at the knee and positive power at the hip when increasing running speed.
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Planar link segment model used to
compute joint muscle torques, muscle
powers, and muscle works. (X,Y,
coordinates of segment endpoints and
center of gravity; AX,AY, accelerations
of the segment c.g.; @, angular
accelerations of the segment; W, segment
weight; m, segment mass; FX,FY, joint
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Average joint torques, joint angular
velocities, and muscle mechanical powers
at the hip, knee and ankle of the right leg
during one cycle of running at slow speed.
Numerals 1 to 8 represent movement
phases of running. Thick lines in the stick
pictures represent the right leg. Data
were normalized to the time of the
support period and by the body mass of
each subject.
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Fig. 3 Average joint torques, joint angular
velocities, and muscle mechanical powers
at the hip, knee and ankle of the right leg
during one cycle of running at medium-

slow speed. Presentation of figure is same
as Fig. 2.
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Fig. 4  Average joint torques, joint angular
velocities, and muscle mechanical powers
at the hip, knee and ankle of the right leg
during one cycle of running at medium
speed. Presentation of figure is same as
Fig. 2.
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Fig. 5  Average joint torques, joint angular
velocities, and muscle mechanical powers
at the hip, knee and ankle of the right leg
during one cycle of running at medium-
fast speed. Presentation of figure is same
as Fig. 2.
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Fig. 60 Average joint torques, joint angular
velocities, and muscle mechanical powers
at the hip, knee and ankle of the right leg
during one cycle of running at fast
speed(maximal sprinting). Presentation
of figure is same as Fig. 2.
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6.52, 7.86, and 9.59 m/s, respectively.

Average absolute, positive and
negative works done by the lower limb
muscles of the right leg during one cycle
of running at different speeds. Characters
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