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INTRODUCTION 

Speculative information has existed for many years with claims 

that there are differences between the running styles of North 

American and Japanese populations. Differences between 

running styles may have implications on movements and forces 

exerted on the body that may be related to performance and 

injury. Such differences in running styles would also be expected 

to have implications on footwear design. 

 

However, there does not appear to be any data available that can 

corroborate these speculations and prove that differences actually 

exist. With the exception of one published abstract comparing 

Kenyan and Japanese runners [1], the authors could not find 

other more comprehensive examinations of how the running 

biomechanics of different ethnic populations can vary. 

 

Therefore, the purpose of this study was to test the null 

hypothesis that there are no differences in basic kinetic or 

kinematic variables during running between North American and 

Japanese runners. 

 

 

METHODS 

Sixty subjects were recruited for this study. Data were first 

collected on thirty Japanese heel-toe recreational runners at 

Waseda University, Japan, and then on thirty Canadian heel-

toe recreational runners at the University of Calgary, Canada. 

In order to minimize the influence of anthropometric 

differences on the data, each of the thirty Calgary subjects 

were matched as closely as possible for mass and height to 

each of the thirty Waseda subjects. Despite this effort, the 

Calgary group was 4.1% heavier than the Waseda group. 

 

 

Table 1: Average mass and height of the subject groups. 

 

 Calgary Subjects  Waseda Subjects  

Mass   [kg] 66.4 63.8 

Height   [cm] 175.0 174.7 

 

 

Each of the subjects performed ten heel-toe running trials at 

4m/s while wearing an off the shelf adizero Boston adidas 

running shoe. Right foot-fall kinetics were collected at 

2400Hz with a Bertec force plate in Waseda, and a Kistler 

force plate in Calgary. The motions of three spherical 

reflective markers attached to the shoe, shank, thigh, and 

pelvis during one stance and flight phase were collected at 

240Hz with eight camera Motion Analysis systems in both 

Waseda and Calgary. All data were analyzed using Kintrak 

software at the University of Calgary. Paired t-tests (=0.05) 

were used to identify any significant differences between the 

Calgary and Waseda groups.  

 

In addition, two subjects were collected at both the Waseda 

and Calgary labs to verify that the data collected at these two 

different sites could be compared. This validation showed that 

the kinetic and kinematic variables calculated from the two 

different data sets were not statistically significantly different 

(based on ten trials per subject at each site), and therefore 

could be compared with an acceptable degree of confidence. 

 

 

RESULTS AND DISCUSSION 
A summary of selected results found in this investigation are 

shown in Table 2. The identification of several statistically 

significant differences between the Calgary and Waseda 

groups showed a general difference in running styles.   

 

Although both groups were running at the same speed, the 

Calgary subjects had a significantly longer stance time, and 

significantly higher vertical, braking, and propulsive impulses 

compared to the Waseda subjects. The Calgary subjects were 

heavier on average than the Waseda subjects; however, while 

the difference in mass was 4.1%, the differences in the 

impulses were 20-24%, suggesting that these higher impulses 

were not purely due to the heavier mass. This increased 

loading therefore indicates that the Calgary subjects’ center of 

mass decelerated more during the landing phase, and 

accelerated more during the push-off phase of stance.  

 

The center of mass of both groups reached approximately the 

same minimum height above ground during stance phase. 

However, the Calgary subjects reached a 2.7cm higher 

maximum height on average above the ground during flight 

phase. This result agrees with the kinetic data; the larger 

vertical ground reaction impulse would be expected to raise 

the center of mass higher off the ground. 

 

The peak ankle, knee, and hip joint flexion angles were not 

significantly different between groups. These peak angles 

occur roughly in the middle of stance phase when the center of 

mass reaches its minimum height above the ground. As there 

was no difference in this minimum height between groups, it 

is not surprising that these peak flexion angles are also not 

different.  

 

It can be speculated from these results that North American 

runners have a longer flight phase and stride length and lower 

stride frequency; however, these variables were not directly 

measured in this investigation. It is important to note that 
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although the Calgary subjects did more mechanical work per 

push-off, this should not be interpreted as a difference in 

running efficiency between groups, as the Waseda subjects 

likely had a higher stride frequency. The data collected in this 

experiment cannot be used to determine which group 

expended more energy during running. 

 

 

CONCLUSIONS 

The results of this study suggest that North American and 

Japanese runners do exhibit different running styles. In 

general, North American runners are in contact with the 

ground longer, push off the ground with more impulse, and 

elevate their center of mass higher off the ground during flight 

phase than Japanese runners.  
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Table 2: Average values for the Calgary and Waseda groups. Statistically significant differences are indicated with bold font.   

 

 Calgary Subjects 

(n=30) 

Waseda Subjects 

(n=30) 

Percent Difference 

(Calgary wrt Waseda) 

    

Stance Time   [ms] 252.8 224.6 + 13% 

Vertical Ground Reaction Impulse   [Ns] 264.7 220.5 + 20% 

Horizontal Braking Impulse   [Ns] 17.5 14.2 + 23% 

Horizontal Propulsive Impulse   [Ns] 20.4 16.4 + 24% 

    

Minimum CoM Height (Stance Phase)   [cm] 89.3 88.7  

Maximum CoM Height (Flight Phase)   [cm] 100.5 97.8 + 3% 

Vertical CoM Displacement   [cm] 11.2 9.1 + 23% 

    

Peak Ankle Flexion Angle (Stance Phase)   [deg] 20.2 20.4  

Peak Knee Flexion Angle (Stance Phase)   [deg] 46.4 44.1  

Peak Hip Flexion Angle (Stance Phase)   [deg] 31.7 29.9  

    

 


