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ANALYSIS OF MOVEMENT AT LOWER LIMB DURING UPHILL AND DOWNHILL WALKING

K. Takahashi 1, T. Isaka 2, S. Noge 1, F. Kuki 3.and T. Mori. 1
1 Kanagawa Institute of technology, Kanagawa, Japan

- 2 Ritsumeikan University, Shiga, Japan.

3 Hoshi University, Tokyo, Japan.

INTRODUCTION
' Recently, many people of middle and advanced age are joining in the mountain-climbing for health and

enjoying. Many walking researches using the biomechanical approach have handled with the flat walking while uphill
or downhill walking in human are a few case. Understanding of the mechanism of lower limb movement at uphill and
downhill walking is needed for safe and joyful mountain-climbing. The purpose of this study was to clarify the difference
of mechanism of lower limb movement between uphill walking and downhill walking.

METHODS

Four healthymale college students participated in this study. The angles of hip, knee and ankle joint during
level, downhill and uphill walking were measured by using a electrogoniometer (P & G Co., Ltd.) sampled at 50 Hz.
In order to compare muscle activity among each slope walking, EMG activities of rectus femoris, biceps femoris, tibialis
anterior, gastrocuncmius and gluteus maximus were measured by using surface electrodes sampled at 1 kHz. The
walking phases, such as heel strike, mid-stance, push-off and swing phases, were defined with pressure sensors attached
on heel and toe. These obtained data were sent to personal computer through the A/D converter.  All walking were
performed on treadmill with a slope gradient from +25% to -25%. The walking velocity was adjusted by each subject,
which meant a preferred velocity ina given slope. The used walking velocity in level was 80.03.5 m/min, andin
uphill decreased in proportion to up slope gradient (ex. 25%: 56+ 4m/min) and increased in proportion down slope

gradient (ex. -25%: 99 +4m/min).

RESULTS AND DISCUSSION :

In comparindg with relative duration of each walking phase in normalized walking cycle, the push off phase
increased and the mid-stance phase decreased with proportion to uphill slope gradient, in downhill walking these were
appeared to the contrary tendency. It is considered that the longer push off phase of the uphill waking was useful for
lifting up their body weights, and the extended mid-stance phase in the down hill walking worked to prevent the fall
of the body against the downhill.

The patterns of hip and ankle joint angles during a normalized welking cycle were similar between up and
down slope walking. However, the difference of the pattern of knee anFle between uphill and downhill slope walking
was obtained in mid-stance phase. The knee and hip joints in uphill slope extended simultaneously during mid-
stance phase, on the other hand, in downhill slope the knee joint waskeeping at a given angle and hip joint extended
during same phase. :

Figure 1 showed the example of the relative IEMG during each phase. The values were normalized to IEMG
of level walking. In the uphill walking, the ratio of IEMG increased in the rectus femoris and biceps femoris during
mid-stance phase and gestrocnemius during push off phase. In the downhill walking, the ratio of IEMG in rectus
femoris, tibialis anterior and gastrocnemius increased drastically during mid-stance phase. In the rectus femoris, the
ratio was still higher until Suh off phase. We considered that liftung up their body weight was loaded in uphill walking,
knee extensor and planter flexor muscles were strongly involved. On the other hand, inthe downhill walking the body
position leaned backward with brace legs was performed to prevent the fall of body and reduce the downward acceleration,
therefore, the rectus femoris was activated eccentrically during mid-stance to push-off phase and the stronger co-
contraction between tibialis anterior and gastrocmemius was appeared during mid-stance phase.
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Fig.l The ratio of the IEMG in uphill/downhill walking to the IEMG of level walking at cach phase.
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