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ABSTRACT 
The purpose of this study was to investigate the biomechanical aspects in 

the running footwear with and without windlass enhancing feature on kinematic and 
kinetic changes in the late stance phase of running. Fourteen healthy participants were 
regular recreational runners at least 3 days per week with age 20+0.66 years old, body 
weight 64.56+5.79 kgs, height 171.79+4.66 cm. and BMI 21.87+1.62 kg/m2. Data 
collection was conducted by 3 dimensional motion analysis system with 8 infrared 
cameras and AMTI forceplatform. Visual 3D was used to calculate all parameters. 
Repeated measure analysis of variance was conducted with statistical acceptance at 
0.05 level. The results presented the significant differences of range of motion (ROM) 
of both Lt. and Rt. Metatarsophalangeal joints (MTPJs) when comparing between 
barefoot (BF), the running footwear with and without windlass enhancing feature (RW 
and RNW) throughout the last 40 percent of running cycle. BF and RNW had greater 
plantarflexion than RW. RNW had greater plantarflexion than RW between the 61st

and 66th percentage, BF had greater plantarflexion than RNW between the 83rd and 
98th percentage in Lt. ankle, BF had greater plantarflexion than RW between the 61st

and 64th percentage (p < 0.05). BF had greater extension than RW between the 61st and 
71st percentage (p < 0.05). As for the vertical ground reaction force (VGRF) revealed 
that BF had greater VGRF than RW between the 61st and 84th, and BF had greater 
VGRF than RNW between the 65th and 84th percentage in Lt. lower extremity, BF had 
greater VGRF than RNW between the 67th and 82nd percentage in Rt. lower extremity 
(p < 0.05). No significant difference was found in ROM of Lt. hip and both knee 
between BF, RW and RNW, VGRF between RW and RNW in lower extremity, 
between BF and RW, between RW and RNW in Rt. lower extremity throughout the 
last 40 percent of running cycle. In conclusion, the windlass enhancing feature effects 
on the movement of lower extremities, especially MTPJs. Although the significant 
difference was not found in VGRF, the propulsive force in RW was less than RNW 
and BF in the late phase. In addition, the movements of both lower extremities were 
different even it was the same movement pattern. 
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