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The total number of students used in this study was thirty-three (N = 
33) with each subject doing both treatments. The data was normally 
distributed. The eyes closed trials (M = 1.9603, SD = 0.7616) had a 
higher average than the eyes open trials (M = 1.8005, SD = 0.6897) 
which aligns with the assumption that sway increases with the loss of 
sight, previously held true by the biomedical community. The standard 
deviations of each trial were taken and used for calculations. This is 
because sway is the measure of variability in the CoP. Two paired-
sample t-tests were performed. One to compare the differences in a 
subject’s sway with eyes open on days one and twelve and another that 
compares the differences in sway with eyes closed during days one and 
twelve. There was not a significant difference in the sway for eyes 
open (t(32) = 2.0369 , p = .4368) or eyes closed (t(32) = 2.0369, p = 
.0861). Therefore, when a person does not have a TBI, sway baselines 
do not change.

Results (cont.)

As expected, a person’s sway did not change from trial to trial, since 
no traumatic brain injury was experienced. Since the baseline is 
consistent and doesn’t vary from day to day, we can assume that a 
concussed athlete will demonstrate an increased CoP. The Vernier®

force plate demonstrated effectiveness in measuring an athlete’s sway 
on repeated trials. It also detected unique variation between subjects. 
Next steps would be to determine if using the Vernier® force plate is a 
reliable tool to identify traumatic brain injury. If successful, athletic 
trainers and coaches can use this as a real time tool to determine if it is 
safe to allow a player to return to play to prevent a secondary 
concussion causing severe and more dangerous permanent effects. The 
final step for this project would be to implement this in schools to 
ensure that the athlete has recovered fully from their concussion.
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It is estimated that 3.8 million concussions occur per year in youth 
sports and are the leading cause of post-traumatic brain injury (TBI) 
(Harmon et al., 2013). If a concussed athlete returns to play too soon, a 
repeat concussion can occur, resulting in brain swelling or permanent 
brain damage. Athletes should not return to play if symptoms are still 
present. Symptoms include headache, nausea, disorientation, fatigue, 
loss of balance, and more. TBI affects balance because the central 
nervous system is unable to regulate and reposition the center of 
pressure, causing decreased stability and increased sway. As a result of 
the known dangers and symptoms, high school athletes are required to 
take baseline tests before participating in contact sports that evaluate 
cognitive function and balance. The assumption is that, if an athlete 
has TBI, cognitive function test results will decline, and balance will 
become less stable. Medical personnel evaluate cognitive function with 
a computer test, but the balance test is conducted on the sideline, using 
the Standard Concussion Assessment Tool (SCAT). The American 
Academy of Neurology deems the SCAT test unreliable because of the 
practice effect (muscle memory), subjectivity, and limited sensitivity. 
So, why not find a more reliable, less expensive, and more precise 
technique to determine the presence of traumatic brain injury? The 
purpose of this investigation was to determine if the inexpensive 
Vernier® force plate can measure postural sway differences in pre and 
post concussed youth athletes. In order to first determine if baseline 
sway is consistent, it was hypothesized that a person’s sway will not 
change from trial to trial.

Postural sway can be identified by oscillations in center of pressure 
(CoP) in the anteroposterior and mediolateral planes (see Graph 1). 
CoP can be defined as the point of application on the supporting 
surface of the ground reaction force vector. Sway was estimated by 
deviations of CoP measured in the low range setting (−200/850 N). 
With consent, 36 participants from Aberdeen High School volunteered 
height, age, weight, concussion history, and sports history. Thirty-three 
participants met the injury free and mass requirement to continue the 
study. Each participant removed shoes and concentrated in silence by 
staring at a wall marker 2.7 m away for 60 seconds. The force plate 
was zeroed between all trials and participants were instructed to relax 
with hands to the side and unlocked knees, while remaining on the 
force plate (see Figure 1). Then subjects were told to count backwards 
out loud, by threes, from a random 4-digit number. This step was 
included in order to share a neural resource between cognitive and 
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Sway was measured using the standard deviations of CoP. The differences 
(day twelve − day one) in standard deviations between days one and twelve are 
shown in Graph 2. The black and brown diamonds are the means for the eyes 
closed and eyes open trials, respectively.

Materials and Methods (cont.)

vestibular systems, controlling external variables that could affect sway. The 
force plate measured CoP in Newtons at a rate of 20 samples per second. The 
data was output to Logger Pro© software and exported to Excel for further post 
processing (see Graph 1). The subject did this with eyes open and closed, and 
order of treatment was determined by a coin flip. The process was repeated 
with the other treatment. The entire eyes open and eyes closed set of tests was 
repeated for two more trials, repeating every six days.

Results

Conclusion

Figure 1 (below): Volunteer 
is standing relaxed, focused 
on a poster to eliminate all 
outside distractions.

Graph 1 (above): A recreation of the output from the Vernier®

force plate. The oscillation of CoP is caused by the small 
contractions of the body in order to maintain an upright 
position.
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Graph 2 (left): The differences 
for the eyes closed trials had 
an average of 0.2669 newtons 
with a standard deviation of 
0.8658. The differences for the 
eyes open trials had an 
average of 0.0968 newtons 
and a standard deviation of 
0.7064. Averages are shown 
with black diamonds. The eyes 
closed trials gave a p-value of 
.0861 and the eyes open trials 
gave a p-value of .4368. Both 
p-values show that the days 
between data collections had 
no effect on sway.
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