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Analysis of Barefoot Running

This experiment is designed to investigate the biomechanics of barefoot running, a running trend popularized by Christopher McDougall in the book Born to Run. Traditional running technique emphasizes a heel-to-toe foot strike during each stride. Without the padding provided by traditional running shoes, barefoot running tends to minimize heel strike. This leads to an increase in the stride rate of the barefoot runner. In contrast, the range of motion (ROM) of the knee during each step may or may not change when running barefoot. 
A Goniometer is a device that can be used to monitor the ROM of a joint. In this experiment, a Vernier Goniometer will be attached to the leg of a subject who will run for a brief period of time while wearing normal running shoes. The subject will then repeat the test while running barefoot. The dynamic ROM of the knee will be recorded during each test. ROM and stride period (seconds/stride) will be determined for both conditions. Stride frequency (strides/second) and cadence (strides/minute) will then be calculated. The subsequent data will then be analyzed to determine if barefoot running changes the cadence and ROM of the subject. 
Important: Do not attempt this experiment if physical exertion aggravates a health problem. Inform your instructor of any possible health problems that might be exacerbated if you participate in this exercise.

OBJECTIVES

In this experiment, you will

· Use a Goniometer to measure the range of motion (ROM) of a subject’s knee during normal running and barefoot running.  

· Determine the subject’s ROM when running with running shoes and barefoot. 

· Determine the subjects stride period (seconds/stride) when running with running shoes and barefoot.

· Calculate the subject’s stride frequency (strides/second) and cadence (strides/minute) when running with normal shoes and barefoot.

· Use the results to determine the effect of barefoot running on ROM and cadence.

MATERIALS

	Vernier LabQuest
	Two 24-inch elastic, hook-and-loop straps

	Vernier Goniometer
	One 14-inch elastic, hook-and-loop strap

	
	running shoes


PROCEDURE

Select one person from your lab group to be the subject. The subject needs to wear standard running shoes. 
1. 
Connect the Goniometer to LabQuest. 

2.
Attach the Goniometer to the subject. 

a. Thread two 24-inch elastic straps through the slots that can be found on the stationary arm of the Goniometer.  

b. Secure the stationary arm of the Goniometer to the upper right leg of the subject using the elastic straps. 

c. Center the dial of the sensor on the knee. Reposition if necessary, and secure the Goniometer.
d. Using a single 14-inch elastic strap, secure the flexible arm of the Goniometer to the foreleg.

e. Verify that the subject can hold the LabQuest and run at a normal pace with the Goniometer attached to the leg. 

3.
Set up data collection.
a. On the Meter screen, tap Duration. Change the data-collection duration to 120 seconds. 

b. Change the data-collection rate to 50 samples/second. Select OK.

c. Have the subject stand-up straight. Tap the angle reading in the meter tab and select Zero to zero the sensor. 

4.
Start data collection and have the subject run at a moderate pace for 120 seconds.  
5.
Once data collection stops, store the run by tapping the File Cabinet icon.
6.
Have the subject remove their running shoes. 

7.
Repeat Steps 4–5 with the subject running barefoot at a moderate pace.

8.
Save the file as directed by your instructor.
Processing the data

1. Determine the range of motion (ROM) for each condition.
a. Tap Run 2, and select Run 1.

b. Tap and drag over the last half of the graph (from 60 s to 120 s). 

c. Choose Statistics from the Analyze menu.
d. Record the maximum and minimum angle in Table 1.

e. Subtract the minimum from the maximum to get the full ROM.

f. Record the ROM for running shoes, in Table 1.

g. Tap Run 1, and select Run 2.

h. Repeat Steps b–h for barefoot running.

2.
Determine the stride period for each run.

a. Tap Run 2, and select Run 1.

b. Tap and drag over the last half of the graph. 

c. Choose Zoom In from the Graph menu. 
d. The running waveform contains both a large and a small peak. Full flexion of the knee occurs at the large peak. The small peak coincides with the landing of the foot. Repeat Steps b–c until you have a graph that contains 10–15 large peaks as shown in Figure 1. 
e. Examine the data pairs on the graph by tapping on any data point. As you tap each data point, angle and time values are displayed to the right of the graph. Record the times for the first and last large peaks of the waveform that are shown on the screen. 
f. Record the number of large peaks that occur during the time between the first peak and the last. 
g. Divide the difference, (t, by the number of peaks to determine the stride period.
h. Record the period for running shoes, in Table 2.

i. Tap Run 1, and Select Run 2.

j. Repeat Steps b–h for barefoot running.

2. Determine the stride frequency (strides/sec) for each condition. 

a. Take the inverse of the stride period for each condition to get stepping frequency.
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b. Record the stride frequency for each condition in Table 2. 

3. Calculate the cadence (strides/minute) for each condition. Record the cadence in Table 2.
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Figure 1
DATA

	Table 1 – Angle 

	Condition
	Maximum angle (º)
	Minimum angle (º)
	ROM (º)

	Running shoes
	
	
	

	Barefoot 
	
	
	


	Table 2 – Pace 

	Condition 
	Stride period (seconds/stride)
	Stride frequency (strides/second)
	Cadence (strides/minute) 

	Running shoes
	
	
	

	Barefoot 
	
	
	


DATA ANALYSIS

1.
What was the subject’s ROM when running with running shoes? Did the subject’s ROM change when running barefoot? 
2.
What was the subject’s cadence when running with running shoes? Did the subject’s cadence change when running barefoot? 

3.
How did ROM and cadence for both conditions compare with other students in the group or class? Is this what you expected? 
ExtensionS
1.
Repeat this study using different types of running shoes. 
2.
Determine if barefoot running produces a statistically significant change in cadence or ROM. Combine the data from the class and use a paired t-test to compare cadence when running barefoot to cadence when running with normal running shoes. 

3.
Determine if barefoot running produces a significant change in the running biomechanics of men and women. Use a paired t-test to compare the cadence and ROM of all the women in the class when running barefoot and with normal running shoes. Then use a paired t-test to compare the cadence and ROM of all the men in the class when running barefoot and then when running with normal running shoes. 
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