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Abstract 

Barefoot running leads to an increase in forefoot strikes which is accompanied by 

changes in gait and force; we wanted to know if there is also a difference in the activation of the 

gastrocnemius muscle, or calf muscle, between barefoot and shod running, also known as 

running with shoes.¹ ² ³ ⁴ We aimed to measure and compare muscle activation in barefoot versus 

shod running using an EMG device, which has been shown to be a reliable testing metric for 

muscle activation (in Volts) and which was verified in our previous study comparing muscle 

activation and load applied to muscle successfully finding a significant linear relationship (p = 

0.0001).³ ⁵ ⁶ ⁷ 17 college-aged subjects completed 6 trials of running for 1 minute at either 5 or 

6 mph: 3 trials were shod and 3 were barefoot. Subjects stood still the first 15 seconds of each 

trial as a control. EMG signals were acquired at 200 Hz, filtered, amplified, rectified, and 

smoothed. After acquiring data we performed a one-sided paired t-test between the two running 

conditions where, with a p-value of 0.2709, we failed to reject our null hypothesis that the 

amount of muscle activation in the calf were equal in the two running conditions. Since we were 

unable to find evidence indicating a difference, after performing other experiments, shoe 

companies could focus on making more minimalistic shoes and save money for themselves and 

the consumer.⁸ 

Introduction 



The purpose of our study was to measure and compare the differences in gastrocnemius 

muscle activation between barefoot and shod running. There has been some debate about 

whether or not barefoot running is more beneficial than shod running, and it has been shown that 

the gait is different between the two.¹ ² We expected there to be a change of muscle usage 

associated with this change in gait, which could indicate the best type of footwear for runners. 

Shod runners tend to exhibit heel impact during the landing phase whereas those who run 

barefoot naturally avoid heavy stress on the heel by landing on the ball or the middle of the foot. 

¹ ² ³ ⁴ Tam found there to be sagittal plane differences between barefoot and shod runners.¹ The 

sagittal plane is a vertical plane that divides the left and right side of the body.⁹ The focus on 

differences between barefoot and shod runners is usually on the moment of striking the ground 

since injuries tend to occur there, but by looking at muscle activation throughout the stride, we 

hoped to see whether there were more intimate differences that makes one stride physiologically 

better than the other.¹ 

In order to find a difference between barefoot and shod runners, we used an EMG device 

that we had already validated during a previous study which consisted of having subjects 

perform trials of bicep curls with increasing weights.⁷ The EMG in this experiment though, was 

connected to the calf of the subjects instead of the bicep. The goal of this study was to analyze 

the differences in muscle activation between the two running styles using our validated device.  

For this study, we had subjects run for one minute increments for each of the six trials. Three 

were done barefoot, while the other three were done in running shoes. Our null hypothesis is that 

the amount of muscle activation in the gastrocnemius muscle is equal when running barefoot and 



shod. Our alternative hypothesis is that the amount of muscle activation in the gastrocnemius 

muscle is greater when running barefoot than shod.  

 

Methods and Materials 

The subjects for this experiment were 17 students at Georgia Tech that were enrolled in 

BMED 3110. The demographic makeup of the subjects was 8 females and 9 males. All of the 

subjects were healthy, had no known muscle defects, and were comfortable running at a speed of 

5 or 6 mph. The subjects were situated on the stationary treadmill, then had electrodes placed on 

their left calf for consistency. The positive and negative leads were on the gastrocnemius muscle 

and the ground was connected to the ankle. The electrodes were connected to an EMG.  

To acquire the data, the subjects were asked to complete six trials: three shod and three 

barefoot. The subjects first stood on the unmoving treadmill for five seconds to establish a 

baseline, then started the treadmill. It took about ten seconds for the treadmill to get up to the 

correct speed. The speed used was 5 or 6 mph, depending on the subject’s comfort and 

experience with running. Data was acquired for 60 seconds, then the subject stopped running. A 

minute rest was given to the subject before conducting another trial. During this rest period, we 

used the time to complete the trials of other subjects. 

The EMG consisted of an amplifier and a bandpass filter as seen in Figure 1. The 

amplifier had a gain of 100.9 and the bandpass filter gain was 100. This caused the total gain of 

the circuit to be 10090. This gain was required to reach the desired range of 0 to 3V. The signal 

from the electrodes first went through the amplifier and then to the bandpass filter, made up of a 

high pass and a low pass filter. The frequency cutoff for the high pass filter was 48.23 Hz and the 



cutoff for the low pass was 4823 Hz. The circuit utilized a 5V power supply, that was then 

divided into a 2.5 V by the voltage divider. The circuit was constructed to reduce the noise of the 

signal from the electrodes. The signal that was filtered with the circuit was collected by a NI 

myDAQ. It was then converted from an analog signal to a digital signal to be used with 

MATLAB. MATLAB retrieved the data at a sampling rate of 200 Hz. 

 

Figure 1. Electromyography circuit amplifier and filter. The circuit diagram illustrates the 

instrumentation amplifier with a gain of 109 and bandpass filter with a gain of 100, for a total 

gain of 10090.  

The data was filtered post-acquisition to fortify the quality of the data. First, the baseline 

was removed from the overall signal and the signal was rectified. Afterwards the signal was 

placed through a 20 Hz low pass Butterworth filter to remove additional unwanted artifacts. 

Post-filtering, the data was smoothed using a moving root mean square window of 20 data 

points. Between these methods of filtering, rectifying, and smoothing, we were able to remove 

noise from the data. After acquiring the average peak to peak voltage during the running trials 

for each individual, a one-sided paired t-test was conducted to test the significance of the 

relationship between the amount of muscle activation. 

Results 



The one-sided paired t-test comparing the average muscle activation between the two 

running conditions yielded a p-value of 0.2709 as can be seen in Figure 2. The average 

difference in muscle activation (barefoot - shod) was 0.0195 V, which a standard deviation of 

0.1292 V. The results of the t-test were compared to an alpha value of 0.05 and failed to provide 

evidence in favor of the alternative hypothesis. 

 

Figure 2. Average Muscle Activation in Gastrocnemius Muscle of 17 Georgia Tech 

Students (n=17) during Shod and Barefoot Running. A one-sided paired t-test was used to 

determine a positive difference in muscle activation, measured in volts, between barefoot and 

shod running conditions. The t-test yielded a p-value of 0.2709, which is greater than the 

compared alpha value of 0.05, thus we fail to reject the null hypothesis. 

Discussion 



Our paired t-test yielded a p-value of 0.2709, therefore we fail to reject our null 

hypothesis and cannot provide evidence in favor of our alternate hypothesis. For nine out of 

seventeen subjects, the average muscle activation was greater for the barefoot running condition 

than shod, which is only about 53% of subjects. In addition, as stated before, the average 

difference between barefoot and shod muscle activation averages is 0.0195 V and standard 

deviation is 0.1292 V, showing that the paired data was random. While the two running 

conditions had similar medians, as indicated by the red lines on Figure 2, the two groups differed 

in range. The barefoot data had a much greater range than that of the shod data, further 

supporting the randomness of the data. This randomness can be explained by inconsistencies in 

the materials and methods used during the experiment. 

The purpose of the experiment was to determine the difference in muscle activation 

between shod and barefoot running, however, the differences in conditions were not controlled 

throughout the experiment. Due to lack of financial resources, we did not provide a specific pair 

of shoes for running, therefore the variety in footwear during the shod condition influenced the 

results. The differences in landing kinematics between shod and barefoot running may not be as 

assumed for every subject, since we did not account for the differences in the contour of their 

footwear. In addition, unlike a natural surface, the treadmill provided more cushioning, reducing 

the natural fear of heel injury when running barefoot, thus increasing the likelihood of heel 

strikes instead of forefront stikes. We did not want to influence the running styles of the subjects, 

so while many reported to run on the front of their feet when running barefoot, this was not 

guaranteed. The treadmill was small and therefore altered the natural stride of the subjects, which 

could have negatively influenced our data as well. 



More importantly, while our device was previously validated, it was not appropriately 

configured for this application. Typically, surface EMG activity occurs between 5 Hz and 500 

Hz, with an output of 1 to 50 mV.¹⁰ Our device acquired data at 200 Hz and required a gain of 

10000 to obtain a readable signal ranging from 0 to 2 V. By acquiring data at 200 Hz, instead of 

the recommended 1000 Hz, the nyquist frequency, we introduced significant errors and lost a lot 

of data. This is known as aliasing. Between our chosen sampling rate and bandpass filter, we 

only acquired signals between 50 and 100 Hz, a small portion of the total range of frequencies, 

which potentially explains the necessity of an unusually large gain. This device also differed 

from the validated device since it required the use of electrode wires instead of alligator clips. 

When using electrode wires, the baseline EMG readings were less consistent and higher in 

amplitude than the baseline readings when using alligator clips. For the purpose of this 

experiment, long wires were required, which moved uncontrollably as the subjects ran. This 

could have made unwanted changes to the data as well. In addition, electrodes would fall off of 

subjects’ legs as they ran voiding the trial and causing the subjects to run more, introducing a 

larger possibility of fatigue. 

In the future, it would be most beneficial to conduct the experiment again sampling at the 

Nyquist rate and with more subjects. In our original experiment, we were only able to gather data 

from 17 subjects, instead of the 23 subjects suggested by a G Power analysis. In addition to 

measuring the difference in lower leg muscle activation, it would be interesting to observe the 

differences in upper leg muscle activation (specifically the quadriceps), and even compare the 

percentage of time spent activating lower leg and upper leg for both conditions. The different 



mechanics associated with each should show some difference in muscle activity, using EMG and 

gait cycles we should be able to pinpoint this difference. 

In addition, further research should be conducted regarding the type of shoe, especially if 

our results are repeated with a lack of evidence for a difference between the two results. If 

barefoot running is better or equal to shod running, than shoe companies could perform more 

research on developing a cheaper, minimalist shoe.⁸ 

Conclusion 

Since we were unable to reject our null hypothesis and since we could not find evidence 

of a difference between the two running states, assuming the errors stated in the discussion did 

not significantly affect our results, there is a case for more minimalistic shoes. Without a change 

in muscle activation, the extra padding in shoes that affect the landing of runners may not be 

necessary. Therefore, shoes can be made to accommodate the more natural running form. This 

would be significantly cheaper since running shoes are $5.60 more expensive for every ounce of 

weight.⁸ While there are more studies to be done to back up this conclusion, this study takes a 

step in the direction of revolutionizing running ware. This study, however, does not conclude 

which state of running is better, since we were unable to find a difference between the two states.  
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