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Summary 

We investigated changes in joint mechanics and metabolic rate 

due to walking with the trunk inclined at different angles. 

Participants walked with trunk angles from -15 to +60 deg. 

Metabolic rate increased with both forward and backward trunk 

angle, confirming that people habitually walk near the 

metabolic optimum. Hip and ankle power varied with trunk 

angle, but trends were unexpected and will be studied further. 

Introduction 

Models of dynamic walking suggest that powering gait with the 

ankle is much more efficient than with the hip [1]. Leaning the 

trunk forward should increase hip moment and power, which 

theory suggests could induce a reduction in ankle power and 

increase the energetic cost of gait. We tested these model 

predictions by measuring joint mechanics and metabolic rate in 

human subjects walking with different trunk lean angles. 

Methods 

Eleven healthy college age individuals walked with trunk 

angles of -15⁰, 0⁰, 15⁰, 30⁰, 45⁰, and 60⁰ on an instrumented 

treadmill while optical motion capture and indirect calorimetry 

were recorded. Subjects self-regulated their trunk angle using 

real-time visual feedback from a chest-mounted wireless 

orientation sensor, which was zeroed at each individual’s 

habitual trunk angle. Trials lasted five minutes at a speed of 

1.29 m/s and were randomized, with breaks between conditions. 

We computed standard lower-body inverse dynamics and 

metabolic rate using data from the last two minutes of each trial. 

We nondimensionalized metabolic rate using units of body 

mass, leg length and gravitational acceleration. We performed 

a quadratic fit to metabolic rate to estimate the optimal trunk 

angle, using common coefficients across subjects but individual 

vertical offsets for each subject.   

Results and Discussion 

Metabolic rate increased with both forward and backward trunk 

lean angles. The location of the curve fit minimum 

 

Figure 1: Metabolic rate vs trunk angle, with quadratic curve fit. 

occurred at an angle of 1.47⁰. Gross metabolic rate roughly 

doubled from the zero-lean condition (equivalent to normal 

walking) to the +60⁰ condition (dimensionless 0.11 to 0.22). 

These findings show that people naturally walk near their 

metabolic optimum. The increased metabolic cost in both 

directions is consistent with model predictions [1]. However, 

the increased cost in backward leaning is probably due to 

different factors than in forward leaning, as the hip moment and 

work should have opposite sign. A few participants commented 

that the biggest challenge of leaning backward was the 

coordination and stabilization involved. 

Preliminary motion analysis suggested hip extension moment 

and power output increased as forward lean angle increased. 

Ankle power output also increased with forward lean angle, 

contrary to predictions that hip and ankle power should trade-

off to maintain an energy balance [1]. Further investigation of 

joint and center-of-mass mechanics may elucidate the 

mechanisms behind this unexpected trend. 

Preliminary findings also show a correlation between an 

increase in trunk angle and stride frequency. This higher stride 

frequency is known to increase metabolic cost [2]. Increased 

frequency might be attributable to limits of the comfortable 

joint range-of-motion.  

 

Figure 1: Ankle Power curves at different trunk lean angles. 

Conclusions 

This study shows that humans habitually walk near the most 

energy-efficient trunk lean angle. Forward trunk lean induces 

increased hip moment and power, and appears to change ankle 

power in an unexpected way. Trunk lean could be used to 

influence the power output of both hip and ankle joints.  
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