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What

Barefoot running leads to an increase in forefoot strikes which is 
accompanied by different muscle activity. ¹ Therefore, is there a 
difference in the activation of the gastrocnemius muscle 
between barefoot and shod running?

Why

Why EMG? Validating our Device
Provides insight into muscle activation and muscle usage
Shown to be reliable testing metric by peer reviewed 
journals ⁴ ⁵ ⁶

We Predicted

We aimed to measure and compare muscle activation in 
barefoot versus shod running

H₀ : The amount of muscle activation in the gastrocnemius 
muscle is equal when running barefoot and shod

Hₐ : The amount of muscle activation in the gastrocnemius 
muscle is greater when running barefoot than shod

How

We Found Biggest Gains?

The data was acquired at a frequency of 200 Hz. The raw data was filtered in MATLAB 
with a bandpass filter to remove noise and DC offset. The signal was then rectified, 
filtered using a lowpass Butterworth filter, and smoothed using a moving RMS window.
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Fig 5. Average muscle activation in volts of 17 Georgia Tech 
students (n=17) for shod and barefoot running conditions.

Shod: Average of 0.3485V and standard deviation of 0.1238
Barefoot: Average of 0.3681V and standard deviation of 0.1557

Analysis:
• P-value of 0.2709 indicates that we cannot reject our null 

hypothesis
• No evidence that barefoot and shod running provoke different 

amounts of gastrocnemius usage

Conclusion:
• While there is significant evidence of different landing kinematic 

between the two conditions, there is no difference in muscle 
activity

• We did find some possible sources of error such as the treadmill 
having a softer surface than the ground, providing a cushion for the 
foot and preventing use of forefoot strike, or that our sampling rate 
was less than that of most EMGs

• Forefoot landing does not require more muscle usage, so shoes can 
be made to accommodate the more natural running form

• Running shoes are $5.60 more expensive for every ounce of 

weight ⁹
• More arch support, more expensive ⁹
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Fig 3. Testing our Device with 
electrodes placed on the calf and 
ankle

Fig 4. Circuit Schematic

⁸ ¹ ² ⁶

Fig 1. Landing kinematics in shod versus barefoot running
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The EMG consisted of an amplifier and a bandpass filter. 
The total gain of the circuit was 10090. The bandpass filter 
had a lower cutoff frequency of 48Hz and an upper cutoff 
frequency of 4820Hz.
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Fig 2. Example of results from study validating our device. Shows significant linearity 
between load and muscle activation with R² = 0.7932 and p = 0.0001

Our specific device verified by a 
repeatable study comparing muscle 
activation vs. load of our device with 
known isotonic linear relationships ⁷

⁹
Fig 6. Cost comparison of 
type of support on 
running shoes


