
 

 

Entrainment of Gait Phase in Healthy Subjects during Rhythmic Electrical Stimulation of the Gastrocnemius 
 

Jenna E. Thorp1, Hannah Mrazsko1, Peter G. Adamczyk2,1 
1Department of Mechanical Engineering, University of Wisconsin-Madison, Madison, WI, USA 

2Faculty of Mechanical Engineering, University of Wisconsin-Madison, Madison, WI, USA 
Email: jlynne@wisc.edu 

 

Summary 
This study investigated whether the human gait cycle 
spontaneously entrains to rhythmic electrical stimulation of 
the gastrocnemius muscle with phasing that aligns the stimuli 
with ankle push-off. Rhythmic stimulation was applied at the 
natural stride frequency, with random initial phasing. Some, 
but not all, participants entrained their gait to the stimulus. In 
stable entrained trials, stimulus phase was near push-off in 
treadmill trials but not in overground trials. Prevalence of 
entrainment appeared related to stimulus amplitude. Rhythmic 
gastrocnemius stimulation shows promise as a means of 
manipulating gait when amplitude of stimulation is adequate.  

Introduction 
Rhythmic bursts of ankle torque added by an exoskeleton can 
influence gait timing while walking on a treadmill and during 
overground walking [1]. When the perturbation period is close 
to the stride period, the gait cycle entrains to the pulse rhythm, 
with spontaneous phase alignment such that the torque burst 
adds to ankle push-off (roughly 50% of the gait cycle) [1]. 
Rhythmic electrical stimulation of the calf and hamstring 
muscles also causes some level of timing entrainment during 
treadmill walking [2]. This study investigated whether gait 
phase entrainment with biomechanically beneficial phasing 
can also be elicited using rhythmic electrical stimulation of the 
plantarflexors during treadmill and overground walking.  

Methods 
Subjects walked on a treadmill and overground at their 
preferred walking speed while rhythmic electrical stimulation 
was applied to the gastrocnemius muscle. Stimuli (350 µs 
pulses at 40 Hz for 0.1 s; RehaStim, Hasomed GmbH) were 
applied at each subject’s natural stride frequency, determined 
from stimulus-free treadmill and overground trials. Stimulus 
amplitude was tuned to elicit ankle movement during quiet 
standing without causing pain. Subjects wore an inertial 
measurement unit (IMU) on each shoe to reconstruct the foot 
trajectory [3] and determine the timing of the gait cycle.  
Stimulation was initiated with random gait phase to enable 
observation of phase entrainment. The phase of each stimulus 
was determined relative to ipsilateral footfalls (0% and 
increments of 100%). A trial was considered entrained if it 
contained 20 successive strides with gait phase within ±3%. 

Results and Discussion 
For the 5 subjects, the stimulation amplitudes ranged from 16-
30 mA. 12 out of 22 treadmill trials and 4 out of 12 
overground trials entrained at some point. Of these, 7 treadmill 
and 1 overground trials also experienced phase drift after 
entrainment, indicating the entrainment was not always stable. 

Figure 1 shows examples of entrained and non-entrained 
treadmill and hallway trials, and the mean phases during 
entrainment. The converged gait phase of stimuli was 34.6 ± 
14.0% in stable entrained treadmill trials and 79.9 ± 4.9% in 
the stable entrained overground trials. Most trials that 
entrained were from subjects whose stimulus amplitude was 
greater than 25 mA (9 out of 14 treadmill trials and 4 out of 4 
overground trials). The observation of phase entrainment to 
rhythmic electrical stimulation of the plantarflexors builds on 
prior observations of period entrainment [2].  
The timing of the entrained stimulus during treadmill trials 
suggests that the stimuli may have a biomechanical benefit, 
and not merely act as a sensory cue. If only sensory effects 
were important, no specific phase of entrainment should 
occur. However, stimuli near 30-40% may increase muscle 
force near 50% after an electromechanical delay – roughly the 
time of ankle push-off. The apparent relationship between 
amplitude and entrainment also supports this idea, as primarily 
motion-inducing stimuli caused entrainment.  
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Figure 1: Examples of stable entrained, unstable entrained, and non-

entrained treadmill and hallway trials.  

Conclusions 
Rhythmic stimulation of the gastrocnemius has the potential to 
cause entrainment of gait to the period and phase of 
stimulation, subject to an amplitude threshold. Future work 
includes testing more subjects; stimulating alternate sites such 
as dorsiflexors, the peroneal nerve and bilateral plantarflexors; 
measuring the stimulus’ effect on muscle force; and exploring 
the limits of gait manipulation through stimulation. 
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