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SUMMARY 
The purpose of this study was to provide different sliding 
effect by using different constants of springs in order to 
further determine the ideal amount of sliding which can 
postpone the impact occurred and reduce both vertical and 
horizontal forces. A custom-made sliding plate was used to 
control sliding amount by changing its springs. Participants 
were asked to perform three kinds of gaits in three sets of 
springs (spring constant k=20.69, 24.56, 35.71kgf/mm.). The 
results shown that when k=20.69 kgf/mm, the spring could 
perform the best shear cushioning effect and could be applied 
on shoe design. 
 
INTRODUCTION 
The modern running shoes have been invented since the 1970s 
and scientists have been focusing on developing cushioning 
system of running shoes to reduce vertical ground reaction 
force for years. However, it seemed the percentage of running 
injuries remained no differences comparing two studies across 
two decades [1, 2]. Most runners were shod runners but 
studies suggested that more than 30% of runners were injured 
every year during running even though they wore shoes [3]. It 
indicated that not only the vertical forces, but other factors 
should be considered in running biomechanics. 
 
In fact, the average moment arms of the horizontal forces 
across the lower extremity are 3.8 times lager than those of the 
vertical forces. Although the anterior-posterior horizontal 
force is significantly smaller than vertical force, the moment 
arms for horizontal forces are relatively longer [4]. To reduce 
the horizontal force, some researchers noticed sliding surface 
may reduce lower extremity joint torque [5]. Moreover, 
horizontal forces will impact our surface skin, soft tissue 
compartments and lower extremity joint torque; however, few 
sports shoes have cushioning system for reducing horizontal 
force and the benefits are still underestimated. 
 
Chan created a shear cushioning interface by cutting the 
outsole of shoe. By doing so, the maximal vertical loading rate 
could be decreased and the impact peak of vertical and 
horizontal forces could be postponed and absorbed by 
musculoskeletal system [6]. Previous study found out that 
sport surfaces which allow a few millimeters of horizontal 
movement during ground contact may reduce joint loading at 
the ankle joint, but increase joint loading at the knee joint, and 
thus may influence the prevalence of knee injuries [5]. 
Therefore, the purpose of this study was to provide different 
sliding effect by using different constants of springs in order 

to further determine the ideal amount of sliding which can 
postpone the impact occurred and reduce both vertical and 
horizontal forces. In addition, to investigate the influence on 
lower extremity in future study. 
 
 
METHODS 
A custom-made sliding plate was used in this study (Figure 1) 
of which a linear displacement sensor was settled to determine 
the displacement of anterior-posterior(y) and medial-lateral(x) 
axes. Three sets of compression springs which can be 
disassembled are placed around each side of the plate to 
control sliding amount, the spring constants (k) are 20.69, 
24.56, and 35.71 kgf/mm respectively.  
 
Four participants volunteered for this study, each participant 
was asked to perform all three sets of springs in randomized 
order. Two sets of photo gate were used to determine the 
running speed. The trajectory of displacement is shown in 
Figure 2. The plate will slide forward during heel strike and 
then slide more backward during push-off, especially when 
spring constant k=20.69 kgf/mm. 
 

 
Figure 1:  Custom-made sliding plate. Springs are placed 
around the plate. Each spring can be disassembled. 
 
 
 RESULTS AND DISCUSSION 
The average displacement in y-axis of each trial during heel 
strike is shown in Table 1. The springs can be more 
compressive when the spring constant k is relatively smaller 
which means more sliding amount occurred. In other words, 
when spring constant k=20.69 kgf/mm, the effectiveness of 
shear cushioning may be more obvious. 
 
On the other hand, the force during push off may be reduced 
because of the larger amount of backward slide. Therefore, the 
variation of force should also be observed in further study.   
 



                   (a) Walking (1.5m/s) 

  
(b) Jogging (2.5m/s) 

 
 

(c) Running (3.5m/s) 

 
Figure 2:  The trajectory of displacement of Participant 1. (a) 
Walking (1.5m/s). (b) Jogging (2.5m/s). (c) Running (3.5m/s). 
 
 

 
CONCLUSIONS  
Three kinds of spring sets were used in this study. According 
to the results, the sliding plate could perform more sliding 
amount when spring constant k=20.69kgf/mm. Previous study 
found out the maximal vertical loading rate could be decreased 
and the impact peak of vertical and horizontal forces could be 
postponed because of sliding surface [6]. Therefore, we are 
going to apply our findings on investigating the effects of 
different sliding amounts on kinematics and kinetics on lower 
extremities and also the ground reaction forces when foot 
contact on the sliding plate in further study. The ideal sliding 
amount can be found and can be used to design shoes in the 
future, in order to provide better cushioning, prolong sports 
performance and decrease injury risk. 
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Table 1: The average displacement in y-axis of three sets of compression springs (spring constant k=20.69, 24.56, 35.71kgf/mm) 
during heel strike by walking (1.5m/s), jogging (2.5m/s) and running (3.5m/s). 

 
displacement(cm) Walking (1.5m/s) Jogging (2.5m/s) Running (3.5m/s) 
k=20.69 kgf/mm 4.55±1.99 1.25±0.69 0.88±0.32 
k=24.56 kgf/mm 3.17±1.10 1.33±0.48 0.96±0.41 
k=35.71 kgf/mm 2.69±2.30 1.26±0.56 1.02±0.42 
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