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ABSTRACT

The purpose of this study was to compare muscle activities of the lower limb during
treadmill running under five different conditions (Level, Left, Right, Down and Up). All
slopes were of 14% grade and tilted toward the left (Left), the right (Right),
downward (Down), and upward (Up) directions of the runner. Nine subjects
participated in this study. Electromyographic activities of the following seven muscles,
gluteus maximus, bicepts femoris, rectus femoris, vastus lateralis, tibialis anterior, medial
gastrocnemius, and soleus, were measured using bipolar surface electrodes. Results
showed that Left and Right slopes had only little effect on the muscular activities.
However, for all of the muscles measured, the activities of the lower-positioned leg were
greater than those of the higher-positioned leg. During the Up trial, almost every muscle
showed greater activity than the other trials. The Down slope tended to give the anterior

muscles greater, and the posterior muscles less work, compared to Level running.
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1 Experimental setup of Up (left photo) and Right (right
photo) trials on a running simulator for uneven terrain
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2 Raw EMG data from the Left trial (subject A)
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B3 EMG activity of 10 strides in “Left” trial (subject A)
Individual strides were determined and synchronized at heel contact of the right foot
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4 Average EMG activity of 10 strides, synchronized at heel contact of the right foot (subject A)

%1 Peak values under each condition, relative to level running
muscle Level Left Right Down Up

gluteus maximus 100 103.9 100.7 78.9 287.6
(n=8) (28.3) (10.7) (19.1)- (72.0)

bicepts femoris 100 100.4 101.3 101.3 157.5
(15.2) (19.0) (28.8) (48.6)

rectus femoris 100 108.5 1156 134.7 1824
(n=T7) (14.5) (13.2) (23.0) (375)

vastus lateralis 100 97.8 100.6 100.1 175.3
(n=8) (16.6) (10.0) (19.9) (37.1)

tibialis anterior 100 92.1 99.7 132.3 107.7
(21.5) (25.0) (46.3) (24.9)

gastrocnemius 100 91.0 99.0 . ' 49.9 134.9
(10.3) (11.5) (83) (14.1)

soleus 100 96.0 98.0 48.1 188.0
(8.1) (13.7) (11.3) (50.0)

Values are mean and (SD) n=9, unless mentioned
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%2 Average values under each condition, relative to level running

muscle Level Left Right Down Up

gluteus maximus 100 101.7 108.3 78.2 2140
(n=8) (21.4) (22.4) (20.3) (64.8)

bicepts femoris 100 98.8 102.5 79.0 168.0
(16.1) (14.7) (20.3) (38.7)

rectus femoris 100 111.2 115.2 121.9 165.2
(n=7) (15.2) (15.6) (17.8) (25.3)

vastus lateralis 100 104.1 108.8 107.3 165.3
(n=8) (20.6) (18.5) (16.8) (30.6)

tibialis anterior 100 96.4 101.3 1184 1244
(23.1) (16.5) (354) (21.1)

gastrocnemius 100 94.2 103.9 61.5 143.4
(8.8) (12.5) (8.2) (12.6)

soleus 100 96.0 101.0 62.8 183.8
(6.6) (13.1) (13.5) (35.4)

Values are mean and (SD) n=9, unless mentioned
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