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SUMMARY 
The purposes of this study were to describe the interrelations 
among ankle, knee and hip joint kinematics, and to clarify the 
influence of the variability of step width on knee joint 
mechanics during running. Seventy runners (54 males and 16 
females) participated in this study. Subjects ran along a 25m 
runway at a speed of 4 m/s. Three-dimensional marker 
positions and ground reaction forces were simultaneously 
recorded with a motion analysis system. The results of this 
study showed that the peak knee abduction angle correlated 
positively with the peak hip adduction angle and negatively 
with the peak rearfoot eversion angle. These results indicate 
that the subjects with a large hip adduction and a small 
rearfoot eversion demonstrate a large knee abduction angle. 
The knee abduction impulse was predicted by the peak 
rearfoot eversion angle, hip abduction impulse, step width and 
the peak hip adduction angle in order of strength of 
standardized partial correlation coefficient. Furthermore, step 
width was related with the impulse of mediolateral ground 
reaction force and rearfoot mechanics. These results suggest 
that rearfoot and hip mechanics and step width have influence 
on the risk factors of running injury at the knee. 
 
 
INTRODUCTION 
The knee is the most common site of running injuries. 
Attainment of a large knee abduction angle during the stance 
phase of running has been reported as a kinematic risk factor 
of knee injuries, and ankle and hip joint kinematics are 
proposed to affect the larger knee abduction angle attained 
during the stance phase of running [1]. In addition, knee 
abduction impulse, determined as the time-integral of the 
abduction-component of the joint resultant torque at knee, has 
been reported as a kinetic risk factor of knee injuries [2]. 
These findings of the previous studies suggest that the lower 
limb movements in the frontal plane have influence on the 
knee joint injury. 
 
Only the foot on the stance side is in contact with the ground 
during the stance phase of running, the positions of the stance 
leg might influence the lower limb movements in the frontal 
plane motions. Previous studies reported that the step width 
affected the extent of rearfoot eversion attained during the 
stance phase and the magnitude of the mediolateral ground 
reaction force acted on the stance leg [3,4,5]. Based on these 
findings, it is hypothesized that (a) the step width influences 
the rearfoot eversion angle and, subsequently, the knee 
abduction angle, and (b) the step width is positively associated 

with the knee abduction impulse, by increasing the lever arm 
of the ground reaction force around the knee joint center. 
 
The purpose of this study was to describe the interrelations 
among ankle, knee and hip joint kinematics, and to clarify the 
influence of the variability of step width on the knee joint 
kinematics and kinetics during running. 
 
 
METHODS 
Seventy runners (54 males and 16 females; age: 22.3 ± 3.6 
years, height: 170.2 ± 7.2 cm, mass: 59.7 ± 7.6 kg) 
participated in this study. The subjects were asked to run 
along a 25m runway at a speed of 4m/s. All subjects wore 
identical running shoes (adizero Boston, adidas) with a 
moderate cushioning property.  
 
A motion capture system with eight infrared cameras (Motion 
Analysis Corp.) was used to determine three-dimensional 
marker positions at 240 Hz and a force plate (Bertec Corp.) 
was used to record the ground reaction forces at 2400 Hz. 
Reflective markers were placed on the pelvis, thigh, shank and 
foot. The data sets for ten acceptable trials were collected for 
each subject. Those trials in which the running speed fell 
within ±5% of the target speed and the subject contacted the 
force plate correctly with a natural running style were judged 
as acceptable and used for subsequent analysis.  
 
Kinematic and kinetic variables were determined for the 
stance phase of the right leg. Joint angles were expressed in a 
non-orthogonal joint coordinate system in accordance with the 
ISB recommendations [6]. The joint coordinate system 
consisted of the proximal segment’s flexion-extension axis, 
the distal segment’s long axis, and a third (floating) axis 
calculated as the cross-product of the proximal segment’s 
flexion-extension and distal segment’s long axes. The joint 
resultant torques, indicative of the muscular effort [7], were 
calculated with an inverse dynamics approach. Body segment 
parameters were estimated from each subject’s mass and 
height [8]. The joint resultant torques were expressed in the 
joint coordinate system and normalized by the product of the 
body mass and height. The joint angular impulse of a given 
joint was quantified by time-integrating the joint resultant 
torque determined for the joint. With a similar method, the 
impulse of the mediolateral ground reaction force was 
determined. Step width was defined in the frontal plane as the 
distance between the perpendicular lines drawn from the 
marker placed on the sacrum and ankle joint center at instant 



at which the peak vertical ground reaction force was attained. 
The step width determined for each trial was normalized by 
the subject’s ASIS width. 
 
The kinematic variables of interest were the peak values 
attained during the stance phase for the rearfoot eversion angle, 
knee abduction angle and hip adduction angle and the step 
width. The kinetic variables of interest were rearfoot inversion 
impulse, knee abduction impulse, hip abduction impulse and 
the impulse of mediolateral ground reaction force. The 
Pearson’s correlation coefficients were determined to examine 
the associations among the peak values for the rearfoot 
eversion angle, hip adduction angle and knee abduction angle, 
and between step width and kinematic and kinetic variables of 
interest. In addition, two separate stepwise regression analyses 
were conducted to identify the factors influencing the knee 
abduction angle and knee abduction impulse. 
 
 
RESULTS AND DISCUSSION 
There was a significant positive correlation between the peak 
knee abduction angle and the peak hip adduction angle (r = 
0.411, p < 0.001), while there was a significant negative 
correlation between the peak knee abduction angle and the 
peak rearfoot eversion angle (r = -0.724, p < 0.001; Fig.1). 
The stepwise multiple regression analysis indicates that the 
peak knee abduction angle could be predicted by the peak 
rearfoot eversion angle and the peak hip adduction angle 
(adjusted coefficient of determination: r2 = 0.574). Also, the 
peak rearfoot eversion angle was the strongest predictor of the 
peak knee abduction angle (Table 1). These results indicate 
that the subjects with a small rearfoot eversion angle and a 
large hip adduction angle demonstrate a large knee abduction 
angle. The distinctive lower limb kinematics of the stance 
phase characterized as a large hip adduction angle and a small 
rearfoot eversion angle, therefore, might be an indication of an 
increased knee abduction angle [1].  
 
Step width was negatively correlated with the rearfoot 
eversion angle (r = -0.409, p < 0.001), but not with knee and 
hip joint kinematics. These results indicate that those runners 
with a large step width tend to exhibit a small rearfoot 
eversion angle, but they do not necessarily exhibit a small 
knee abduction angle or a large hip adduction angle.  

  

Figure 1: The relationship between peak knee abduction and 
rearfoot eversion. 

The stepwise multiple regression analysis revealed that the 
significant contributors to the knee abduction impulse, in order 
of strength of standardized partial correlation coefficients 
(Table 1), were the rearfoot eversion impulse, hip abduction 
impulse, hip adduction angle and step width (adjusted 
coefficient of determination: r2 = 0.619). Moreover, step width 
was positively correlated with the impulse of mediolateral 
ground reaction force (r = 0.780, p < 0.001) and negatively 
correlated with the rearfoot inversion impulse (r = -0.243, p < 
0.05), but not with the knee and hip joint kinetics.  
 
The cross-sectional design of the current study limits causal 
inferences. However, step width was related with the peak 
rearfoot eversion angle. This result is consistent with the 
findings of the intervention studies [3,4]. Therefore, given the 
relationship between the peak rearfoot eversion angle and the 
peak knee abduction angle, step width may influence the 
rearfoot eversion angle and the knee abduction angle. Further 
study is needed to investigate the influence of the 
manipulation of step width on the knee joint mechanics. 
 
Table 1: The results of the stepwise regression analyses. 

Dependent varible Independent variable ! p

Knee abduction angle Rearfoot eversion angle    -0.664 < 0.001
Hip adduction angle     0.257    0.002

Knee abduction impulse Rearfoot eversion angle     0.579 < 0.001
Hip abduction impulse     0.532 < 0.001
Hip adduction angle    -0.361 < 0.001
Step width     0.343 < 0.001

!: Standardized partial correlation coefficient  
 
CONCLUSIONS 
It is concluded that the rearfoot and hip mechanics influence 
on the risk factors of running injury at the knee. Further 
studies will clarify if these mechanisms are operative through 
observations of step width intervention outcomes. 
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