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Abstract: Ground contact duration and stride frequency each affect muscle metabolism and help 

scientists link walking and running biomechanics to metabolic energy expenditure. While these 

parameters are often used independently, the product of ground contact duration and stride 

frequency (i.e., duty factor) may affect muscle contractile mechanics. Here, we sought to 

separate the metabolic influence of the duration of active force production, cycle frequency, and 

duty factor. Human participants produced cyclic contractions using their soleus (which has a 

relatively homogeneous fibre type composition) at prescribed cycle-average ankle moments on a 

fixed dynamometer. Participants produced these ankle moments over short, medium, and long 

durations while maintaining a constant cycle frequency. Overall, decreased duty factor did not 

affect cycle-average fascicle force (p≤0.001) but did increase net metabolic power (p≤0.022). 

Mechanistically, smaller duty factors increased maximum muscle-tendon force (p<0.001), 

further stretching in-series tendons and shifting soleus fascicles to shorter lengths and faster 

velocities, thereby increasing soleus total active muscle volume (p<0.001). Participant soleus 

total active muscle volume well-explained net metabolic power (r=0.845; p<0.001). Therefore, 

cyclically producing the same cycle-average muscle-tendon force using decreased duty factors 

increases metabolic energy expenditure by eliciting less economical muscle contractile 

mechanics. 

 
Figure 2. a) Experimental setup of a participant cyclically generating soleus muscle-tendon force 

to produce a plantar flexor moment that exerts an external torque on a fixed-dynamometer pedal 

following the cues of an audible metronome and visual feedback. b) Ankle torque versus time for 

three conceptual trials that yield the same average ankle torque. 


