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1) Vicon motion system 

2) AMTI force plate 

3) Delsys Trigno surface electromyogram (EMG) 

4) Timing gates 

5) Heart rate monitor 



 

 

6) h/p/cosmos treadmill 

7) Experimental shoes 
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1st Thesis point 

Based on my experiments, the lower limb muscle forces and knee joint loading of 

runners were estimated by musculoskeletal modeling based on OpenSim (Figure 32). 

The results showed that novice runners had significantly bigger knee loading and 

muscle forces than the experienced group in most of the stance phases. Given that 

excessive and repetitive knee joint loading is strongly associated with the development 

of RRIs, particularly patellofemoral pain and tibial stress injuries, the increased muscle 

force may contribute to elevated compressive and shear forces at the knee joint. 

Therefore, we propose that the observed biomechanical pattern in novice runners—

characterized by increased muscle force and resultant knee joint loading—may 

underlie their potentially higher susceptibility to RRIs. This highlights a possible 

mechanistic pathway connecting neuromuscular control deficits with increased joint 

stress in early running adaptations. 



 

 

2nd Thesis point 

Based on my experiments (biomechanical data were collected from 15 novice and 15 

experienced runners), which I used both PCA with single-component reconstruction 

and a two-way repeated-measures ANOVA was conducted to explore the effects of 

runner and a 5 km run (Figure 33). I found that novice runners exhibited greater 

changes in joint angles and joint moments than experienced runners regardless of the 

prolonged running session, and those patterns may relate to lower limb injuries. I also 

found that the reduced ankle plantarflexion moment may be due to the decrease in 

energy absorption caused by sustained running, and the decreased knee extension 

moment during the middle stance and later stance may indicate that runners have weak 

extensor muscles after a 5 km run. The results of this study suggest that the PCA 

approach can provide unique insight into running biomechanics and injury 

mechanisms. The findings from the study could potentially guide training program 

developments and injury prevention protocols for runners with different running 

experiences.



 

 

3rd Thesis point 

 Based on my experiments, I investigated the gait pattern differences between males 

and females while running at different speeds and verified the relationship between 

GRFs and running speed among both males and females (Figure 34). GRF data were 

collected from thirty male runners and eighteen female runners while running at seven 

discrete speeds: 10, 11, 12, 13, 14, 15 and 16 km/h. The ANOVA results showed that 

running speed had a significant effect (p < 0.05) on GRFs, propulsive and vertical 

forces increased with increasing speed. An independent t-test also showed significant 

differences (p < 0.05) in vertical and anterior-posterior GRFs at all running speeds, 

specifically, female runners demonstrated higher propulsive and vertical forces than 

males during the late stance phase of running. Pearson correlation and stepwise 

multiple linear regression showed significant correlations between running speed and 

the GRF variables. These findings suggest that female runners require more effort to 

keep the same speed as male runners. This study may provide valuable insights into the 

underlying biomechanical factors of the movement patterns at GRFs during running. 
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