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INTRODUCTION 

An energy flow method for human movement was 
published in late 70’s. Its beauty lies in the capability 
to integrate kinematics and kinetics and it offers a 
natural and systematic tool to explore the 
biomechanical behaviour of human movement, the 
mystery of which would not be easily discovered 
otherwise.  However, the method involves linear 
algebra and abstract concepts, which becomes such 
a barrier that the application of the method has not 
been recognized. 

The objective of this research was to introduce and 
analyze a graphical model of a unilateral three-loop 
mechanical energy flow in a unique way to explore 
the biomechanics of the ankle push-off.  

METHOD 

Subjects: 10 able-bodied young subjects. 

Apparatus: A gait laboratory equipped with Optotrak 
motion system and two AMTI force plates.  

Procedures: Subjects were asked to walk with shoes 

along a 10-meter walkway at self-selected speed. 
Kinematic and kinetic data were collected. 

An Energy Flow Model: By taking the mean value, a 
mechanical energy flow diagram of the right leg at the 
peak instant of ankle push-off is shown in Figure 1.  
The Joints are marked with circled plus (power 
generation) or minus (power absorption) signs.  
Squared upwards (or downwards) arrows from bar 
are for the segments, where upwards direction means 
increase in energy change.  Joint powers (ground, 
ankle, knee and hip) and segmental energy change 
rate (foot, shank, thigh and pelvis) of the right leg 
during a gait cycle were computed and shown with 
numbers in Watt/Kg.  The arrows and numbers 
showing the amount of energy flow in Watt/Kg were 
used to depict energy flows either going into a joint to 
a segment (inflow) or the other way around (outflow).  
In Figure 1a, there are two rows of energy flows, 
upper one (rotational energy flows) and lower one 
(translational energy flow).   A simplified model is 
shown in Figure 1b where the thick arrows are the net 
energy flows.     

RESULTS 

There exist three biomechanical loops in a unilateral 
energy flow model, i.e., an ankle loop, a knee loop 
and a hip loop, each of which presents how the 
rotational and the translational energy flows are 
configured between two respective segments.  At the 
peak of the ankle push-off (Figure 1a), the ankle loop 

or the hip loop was characterized by a caudally 
directed power source and a cranially directed 
translational energy flow.  The caudally directed 
power source such as the ankle or the hip relayed the 
proximal segment outflow and reinforced it before 
transmitting it to the distal segment.  The knee loop 
was differentiated from the loops of the ankle and the 
hip by a confluent power sink.    
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Figure 1.  A unilateral energy flow model for human 
gait at the peak of ankle push-off power generation.  
a, A detailed model involving both rotational and 
translational flows and showing three biomechanical 
loops.  b, A simplified model showing net flows only. 

 

Within the ankle loop, the ankle accepted a shank 
outflow (4.11), boosted it with the generated ankle 
power (2.78), and produced a boosted foot inflow 
(6.89), which was about 2.5 times as much as the 
ankle power alone.  At the same time, the foot that 
kept only 0.13 Watt/Kg for itself, an almost perfect 
convertor, converted the boosted energy flow into a 
cranially directed translational flow of 6.72 Watt/Kg 
that mostly was used to push the shank to move 
cranially.   The shank tilted anteriorly, through which it 
used 4.11 Watt/Kg to resist against the ankle 
plantarflexor and also 1.05 Watt/Kg to resist against 
the knee extensor.   

The knee in its loop absorbed the power of the 
merging shank and thigh outflows.  The shank 
reserved a fair amount of mechanical power (1.29) 
but could only contribute very little amount of 
translational power (0.27) to the flexed thigh. 

The hip, a caudally directed power source, relayed a 
weak pelvis outflow of 0.08 Watt/Kg, boosted it with 
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its own power of 1.21 Watt/Kg to flex the thigh. While 
keeping 1.00 Watt/Kg for itself, the flexed thigh used 
0.47 Watt/Kg to resist against the knee extensor and 
0.36 Watt/Kg to push the pelvis cranially.  The pelvis 
received the inflow of 0.36 Watt/Kg but required extra 
power to store 0.42 Watt/Kg for itself, let alone outflow 
to the trunk. 

CONCLUSION 

The three essential loops in the energy flow diagram 
have told us an in-depth story about the push-off in 
human gait.  The foot might be more important than 
the ankle because it converts a rotational energy flow 
of the boosted ankle power into a cranially directed 
translational energy flow of a great amount.  The 
joints modify the movement of the shank and the 
thigh, and thus prevent detrimental effects in order to 
maintain human gait. 

CLINICAL APPLICATIONS 

The energy flow model of human gait can be used to 
analyze the pathomechanics of human movement for 
the design of prosthetic and orthotic devices. 
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