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SUMMARY 

The piper rhythm is a rhythmic change of an EMG signal, 

probably produced by the central control system. Recently, a 

rhythmic EMG signal was shown in the gastrocnemius during 

running with constant speed. Assuming that the piper rhythm 

is a controlling signal for the movement one would assume 

that the piper rhythm changes with increasing running speed. 

Thus, the purpose of this study was to quantify the change of 

the piper rhythm during running with different speeds (2.2 m/s 

to 4.9 m/s). The hypothesis to be tested was that the piper 

rhythm increases with increasing running speed. Results: 

There was no significant change of the piper rhythm as a 

function of running speed.  

 

 

INTRODUCTION 

A rhythmic characteristic of electromyography (EMG) signals 

was initially recognized in 1907 [1] and is called “piper 

rhythm”. It is generally accepted, that this pacing event 

represents a centrally generated coding of motor commands. It 

has been shown [2] that there is a coupling between the EEG 

(beta bands at 15-30Hz and low gamma bands at 30-60Hz) 

and the EMG signals. In most studies this pacing event has 

been shown in isokinetic tasks or during slow movements.  

 

The EMG signal recorded during movement can be separated 

into two parts, a muscle event and a pacing event. The muscle 

event represents a large portion of the energy within the signal 

and has an envelope containing low frequencies. The muscle 

event is superimposed by a pacing event (the piper rhythm), 

which carries a smaller portion of the energy within the signal.  

 

In periodic muscle events occurring during running the muscle 

event may consist of many changes over time. This reduces 

the visibility of the piper rhythm. With an appropriate filter 

method [3] using a modified wavelet transform [4] the piper 

rhythm signal was identified in the gastrocnemius medialis 

muscle during a one hour treadmill run with constant speed 

(3.1±0.3m/s). The signal appeared in every step and the time 

shift with respect to heel strike was constant for each subject 

[3]. 

  

It is assumed that the piper rhythm is a controlling signal for 

the movement. Consequently one may assume that the piper 

rhythm changes with increasing changing speed. Thus, the 

purpose of this study was to quantify the change of the piper 

rhythm during running with different speeds (2.2m/s to 

4.9m/s). The hypothesis to be tested was that the piper rhythm 

increases with increasing running speed.  

 

METHODS 

8 male recreational runners participated in this study (age 

25±6 years, mass 77±8kg, mean and SD). Subjects gave their 

written informed consent in accordance with the university’s 

policy on research using human subjects. The protocol was 

approved by the Conjoint Health Research Ethics Board at the 

University of Calgary.  

 

After a warm up phase of 10 minutes the runners were asked 

to perform a treadmill run at four different speeds for 30 

seconds per speed. The running speed changed from very slow 

(2.2m/s) over a normal speed (3.1m/s) to higher speeds (4m/s 

and 4.9m/s). EMG data were recorded from the gastrocnemius 

medialis (GM) muscle of the right leg. In preparation for the 

recording the skin over the belly of the GM muscle was lightly 

abraded and cleaned with alcohol. Bipolar Ag/AgCl surface 

electrodes (Norotrode, Myotronics-Noromed Inc. Kent, WA, 

US) were placed on the belly of the GM muscle in alignment 

with the direction of the muscle fibres according to SENIAM 

recommendations (seniam.org). The EMG signals were pre-

amplified (1000x) and band pass filtered (10-500Hz) during 

data acquisition. The heel strike was detected with an 

accelerometer attached to the heel of the running shoe. 

Accelerometer and EMG data were collected simultaneously 

at a sampling rate of 2400Hz. 

 

The data were analysed using custom made matlab software 

(®MATLAB 7.11.0). The heel strike of every step was 

detected by an automated algorithm. Single steps were cut out 

420 ms before and after the heel strike. The steps were filtered 

with a set of 13 non-linearly scaled wavelets [4]. The wavelet 

filtered EMG intensities were averaged over all steps within 

30 seconds of one velocity.  

 

The EMG amplitudes of the medium frequency bands (170, 

218, 271, 331) were summed for each running velocity. Lower 

frequency bands were excluded because of the long-time 

resolution of these wavelets and to reduce motion artefacts. 

Higher frequency bands were excluded to reduce the noise 

level within the signal.  

 

For the estimation of the frequency of the periodic function, 

the intensity pattern was low pass filtered, by subtracting a 

smoothed version of the intensity pattern (window size 20ms). 

A power spectrum of the remaining intensity pattern, 



representing only the fluctuations of the signal, was 

calculated. For each subject the frequency with the highest 

amplitude was identified. The full width half maximum 

(FWHM) around this frequency was used to estimate the 

frequency range of the rhythmic signal. 

 

 

RESULTS AND DISCUSSION 
With increasing speed of running, the total muscle activation 

time is reduced (Figure 1). Furthermore, with increasing 

running speed, the onset of the muscle activation is earlier, a 

result that has been shown before [5] and can precede the heel 

strike by more than 100ms. A periodic fluctuation is 

superimposed to the general EMG activation pattern of the 

muscle. If there are peaks in the EMG intensity, they appear at 

almost the same time for different velocities. Therefore, the 

signals have a similar modulation frequency for different 

velocities. We assume that this is the piper frequency. 

 
Figure 1: Filtered and averaged (over 30 seconds) EMG 

intensity for wavelets 7 to 10 for two subjects for the stand 

phase. The time “zero” corresponds to heel strike. The 

different lines represent different velocities (dashed blue: 

2.2m/s; solid green: 3.1m/s; dash dotted red: 4.0m/s; dotted 

black: 4.9m/s). For better visibility the four curves have an 

offset in vertical direction of 0, 1, 2 and 3 a.u., respectively. 

 

The averaged modulation frequency over all subject is 44±9Hz 

for 2.2m/s and 45±10Hz for 4.9m/s (mean and SD). No 

significant changes could be observed for the modulation 

frequency as a function of running speed. Subject specific 

changes of the modulation frequency were found especially 

for the highest velocity (Figure 2).  

 

Soft tissue vibrations due to impact forces during landing [6], 

which are typically between 10 and 30Hz, could influence the 

EMG signal and be the reason for the changes in the EMG 

signal. This seems, however, unlikely. Rhythmical changes of 

the EMG signal can be observed as soon as the muscle is 

activated, which is for some subjects or speeds up to 100ms 

before heel strike.  Thus, these rhythmical changes cannot be 

due to soft tissue vibrations. Additionally, soft tissue 

vibrations are damped 150ms [6, 7] after heel strike, whereas 

the modulations in the EMG signal last longer, and are visible 

up to 250ms after heel strike. Again, this suggests that these 

vibrations are not associated with soft tissue vibrations. We 

propose that these rhythmic patterns correspond to the piper 

rhythm and are the result of a central activation of the muscle.  

 

 
Figure 2: Subject specific modulation frequency. Error bars 

represent the FWHM (solid: subject 1; dashed: subject 2; 

dotted: subject 3). 

 

 

CONCLUSIONS 

A rhythmical signal could be observed in the EMG signal of 

the gastrocnemius medialis muscle. Similar rhythms were 

found in the EMG signals of all eight subjects running at 

different speeds. The time and frequency analysis provides 

support that the origin of the periodic signal is from the 

activation of the muscle and not from muscle vibrations. The 

signal might be the manifestation of a cortical rhythm, the 

piper rhythm, which has been shown for isokinetic 

movements. Further research should provide evidence for the 

connection between the piper rhythm frequencies and some 

central control and attempt to understand the function of piper 

rhythm frequencies during locomotion. 
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