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Summary 
We used predictive simulations to explore the effect of 
unilateral muscle weakness on step length asymmetry and 
metabolic cost of transport. 90% unilateral plantar flexor, 
dorsiflexor, and knee flexor weakness, but not knee extensor 
or hip flexor/extensor weakness, led to step length asymmetry. 
Imposing step length symmetry increased the cost of transport 
for all simulations. These results suggest that walking with 
asymmetric step lengths after stroke may be more economical 
than imposing symmetric step lengths. 

Introduction 
Post-stroke hemiparetic walking is often characterized by step 
length asymmetry, which is associated with an increased 
metabolic cost of transport compared to able-bodied walkers. 
Research suggests that reducing step length asymmetry may 
reduce the cost of transport [1], but the different underlying 
impairments in muscle function, motor control, and sensory 
function and their interactions complicate investigation of the 
relationship between improving step length symmetry and 
cost of transport post-stroke [2]. With predictive simulations 
based on neuromusculoskeletal models [3], we can study the 
isolated effects of different impairments on walking 
symmetry and energetics. Here we study the isolated effects 
of muscle weakness of the hip, knee, and ankle flexor and 
extensor muscle groups on step length asymmetry and cost of 
transport. In addition, we impose step length symmetry on the 
simulations, to investigate the effect of reducing asymmetry 
on the cost of transport in hemiparetic walking. 

Methods 
We used an existing neuromusculoskeletal model with 31 
degrees of freedom and 92 muscles. Gait mechanics and 
energetics were predicted by minimizing a multi-objective 
cost function containing muscle effort, metabolic cost, and 
joint accelerations while imposing gait speed (1.33 m s-1) and 
periodicity as described in [3]. First, we performed a control 
simulation without weakness. Then, we simulated 90% 
unilaterally (left side) reduced maximal isometric force on six 
muscle groups (Fig. 1). Second, we added step length 
symmetry constraints to the simulations where a substantial 
asymmetry (>0.03) occurred in the initial simulation. Third, 
we imposed a step length asymmetry constraint on the control 
simulation, which matched the largest asymmetry from the 
weakness simulations. We compared step length asymmetry 
(SLleft – SLright / SLLeft + SLRight) and cost of transport (J kg-1 
m-1) between simulations. 

Results and Discussion 
The results (Fig. 1) show a substantial step length asymmetry 
with a longer paretic step in the simulations of unilateral 

plantar flexor (0.26) and knee flexor (0.03) weakness and 
shorter paretic step in dorsiflexor weakness (-0.06). 
Furthermore, we found an increase in the cost of transport in 
simulations of unilateral plantar flexor (7.2%), dorsiflexor 
(3.6%), and hip flexor weakness (6.4%). When we imposed 
step length symmetry upon the plantar flexor, dorsiflexor, and 
knee flexor weakness simulations, this led to a further increase 
in the cost of transport in all three simulations (resp. 5.9%, 
2.1%, 1.1%). Finally, imposed step length asymmetry (0.28) 
in the control simulation led to a 6.4% increase in the cost of 
the transport. 

 
Figure 1: A) Step length asymmetry and B) cost of transport 

outcomes of predictive simulations of symmetric and asymmetric 
walking with weakness of different muscle groups.  

Conclusions 
Unilateral weakness of the more distal, but not proximal, 
muscle groups leads to step length asymmetry. Walking with 
asymmetric step lengths after hemiparesis may be more 
economical than walking with imposed symmetric step 
lengths. Further research is necessary to understand the effect 
of muscle weakness on walking stability and the interaction 
of muscle weakness with other impairments after stroke. 
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