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SUMMARY 
Unhealthy life style caused a lot of diseases. Walking or 
running is the most popular exercise for people. This study 
aimed to compare the muscle activities and the vertical 
displacement of body COM on different slopes (–10, 0 and 
10%) during walking and running. EMG activity recorded 
from four dominant leg muscles (rectus femoris, bicep femoris, 
tibialis anterior, and gastrocnemius). Vicon system with 10 
cameras was used to capture the human motion data. Twelve 
healthy males walked and ran at three speeds (75%、100%、

125% preferred transition speed). It was found when walking 
on the same slope, as the speed up, muscle activities were 
increase but running had no significant change. When 
changing slopes, only high speed walking,  the muscle activity 
of tibialis anterior on level and uphill were statistically 
significant larger than running (p <.05) and gastrocnemius had 
the same trend. The vertical displacements of body COM of 
walking are lower than running. It can be inferred walking had 
a lower impact on the joints. Walking at higher speeds is better 
than running. We can substitute or replace running by walking 
at higher speeds and coordinate with different slopes as a new 
training method. 
 
INTRODUCTION 
Walking or running is the most popular exercise for most of 
people, but recent researches found out that running would 
cause more impact injury of lower extremity than walking. 
Can walking replace running to be an effective exercise 
without injury? And what are the different factors between 
walking and running at same speed on different slopes? These 
series of questions can not be found in previous researches. 
Therefore, this study is to compare the muscle activities of 
lower extremities and center of mass between walking and 
running within the range of preferred transition speeds (PTS) 
and with different slopes. The results can be used to provide a 
guideline for people to choose a regular exercise properly. 
 
METHODS 
Twelve healthy male participants, average age 23.7±1.6 years, 
height 173.5±6.6·cm, and weight 70.5±8.2·kg, gave written 
consent to participate in this study. All of them were without a 
history of musculoskeletal, neurological, or cardiopulmonary 

disorders that would affect either walking or running.  
 
Participants were asked to walk and run on a treadmill at 
different slopes (–10, 0 and 10%) and different speeds (75%, 
100% and 125% PTS). The experiment consisted of two parts. 
The first part was to determine the PTS on different slopes. 
The second part of this study compared walking and running at 
these speeds on treadmill with different slopes using Vicon 
Motion System and four surface EMG.  
 
EMG signal recorded from four dominant leg muscles (rectus 
femoris, bicep femoris, tibialis anterior, and gastrocnemius). 
And thirty-nine reflective markers were affixed to the whole 
body segment to calculate the displacement of COM. Using 
paired t-test, significant changes were identified at a α= .05 
level. 
 
RESULTS AND DISCUSSION 
When walking on the same slope, as the speed up, the lower 
limb muscle activities were increase but running had no 
significant change. In addition to this, it was found that 
walking and running had significant interaction (Table 1).  
 
When walking on the same speed with the increase in slope, 
muscle activities of uphill were higher than level and downhill. 
It was found that high speed walking significant influenced by 
the slope change [1].  
 
When changing slopes, compared with walking and running, 
only high speed walking, the muscle activity of tibialis anterior 
on level and uphill were significantly larger than running (p 
<.05) and gastrocnemius had the same trend (Figure 1). That 
was because tibialis anterior and gastrocnemius have to control 
ankle movement [2,3]. Therefore, when slope was up, the 
muscle activities of tibialis anterior and gastrocnemius were 
increased. 
 
The vertical displacements of body COM of walking are lower 
than running (Figure 2). It can be inferred walking had a lower 
impact on the joints [4]. 



 

Figure 1:  Tibialis anterior – mean EMG (%MVC). The 
symbol * indicates a significant difference between walking 
and running during 125%PTS on level and uphill.  * p<.05 
 

 
Figure 2: COM displacement (d represents downhill, u 
represents uphill, w represents walking, r represent running, 
75,100,125 represent %PTS)   * p<.05 

 
CONCLUSIONS  
From this study, we found that different slopes and speeds will 
significant effect on lower limb muscle activities, especially 
on walking. In addition to this, running will have more impact 
to lower extremity joints. Walking at higher speeds is safer 
and more efficient than running. Therefore, we can substitute 
or replace running by walking at higher speeds and coordinate 
with different slopes as a new training method for exercise 
prescription on the treadmill. 
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Table 1:  Mean EMG on different slopes and speeds during walking and running (%MVC). The symbol * indicates a significant 
difference when on the same situation between walking and running. * p<.05 

 

EMG  (%MVC) 
RF BF TA GAS Speed (%PTS) Slope  

W R W R W R W R 
8.1 11.2 5.5 9.9 11.6 15.7 20.7 29.3 -10% 

(4.8) (8.6) (3.1) (4.4) (3.8) (4.6) (6.7) (7.6) 
5.9 9.0 7.3 10.9 12.8 14.7 27.9 35.8 0% 

(3.9) (6.2) (4.7) (5.6) (4.8) (6.9) (12.2) (12.4) 
5.9 11.3 10.0 11.7 13.6 17.0 32.4 52.4 

75% 

10% 
(3.1) (7.5) (4.8) (4.4) (3.6) (5.9) (10.7) (25.1) 
11.3 10.7 8.6 13.2 17.5 18.8 27.4 30.2 -10% 
(8.3) (6.1) (4.8) (8.5) (6.9) (3.1) (7.4) (10.1) 
11.4 11.7 14.1 13.4 21.9 17.8 35.4 39.7 0% 
(8.4) (7.1) (8.5) (4.4) (8.9) (7.5) (13.8) (14.0) 
10.6 12.7 16.1 13.7 22.9 18.9 45.0 49.6 

100% 

10% 
(4.2) (7.9) (6.9) (4.7) (7.8) (5.1) (18.7) (20.4) 
15.3 13.3 17.1 15.3 30.5 20.9 37.7 37.4 -10% 
(7.9) (7.5) (11.8) (7.3) (12.9) (5.8) (15.2) (13.7) 
19.7 11.2 24.6 16.1 38.0   16.1＊ 61.5 42.8 0% 

(11.2) (6.3) (22.0) (7.2) (17.9) (7.2) (33.4) (14.7) 
18.8 15.8 22.0 17.7 35.9   17.7＊ 71.5 50.1 

125% 

10% 
(7.1) (8.6) (13.1) (6.5) (13.6) (6.5) (35.0)   (17.8) 


