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Background: Relief of persistent post-concussive symptoms (PPCS) following 
trauma is a problem that is pervasive in active duty military personnel, veterans, 
and retirees.  Several forms of treatment have been investigated with modest 
outcomes.  Concurrent with these research efforts has been the search for 
physiological biomarkers for trauma. There is an urgent need to identify effective 
treatments for PPCS.  
A physiological biomarker that can be measured through treatment may offer 
significant feedback to the provider as to the efficacy of any treatment.  The 
Flexyx Neurotherapy System (FNS), a novel variant of electroencephalograph 
(EEG) biofeedback, was used to treat OEF/OIF personnel suffering from PPCS. 
Event-related potentials (ERP) were chosen as a potential neurophysiological 
biomarker.  ERPs in response to a visual odd-ball protocol were recorded pre-
FNS treatment and post-FNS treatment. 
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B. Grand-average ERPs (n = 14) from electrode Pz for pre- and post-treatment. Post-treatment ERP showed 
increased P300 amplitude and shortened P300 latency compared to pre-treatment. Statistical tests using 
random permutation (5000 times) on pre/post conditions suggest that the shortened P300 latency (p < 0.0001) 
is significant but the increased P300 amplitude is not significant (p = 0.21). 

A. Patient self-report symptom severity scores before and after treatment. All the scores including SF-36, SCL-90, 
PHQ-9, Rivermead, and PCL were significantly improved (p ≤ 0.001) at the post-treatment assessment compared to 
baseline. The sample size for SF-36, SCL-90, PHQ-9, and PCL is n =14. The sample size for Rivermead is n = 11 
because of missing data. For SF-36, SCL-90, PHQ-9 and Rivermead, the data were obtained on the same day of 
EEG recording. For PCL, the data were obtained on the first day of treatment before treatment starts (pre-
treatment) and on the day after completed about 20 treatment sessions (post-treatment). 

Each score plotted in the figure is normalized into 0 to 1 by dividing its possible maximum value. For SCL-90, PHQ-9, Rivermead, and PCL, a high score indicates high severity of the 
symptoms. For SF-36, a high score indicated low severity of the symptoms. To make a consistent visualization, we used the inverted SF-36 score (100 minus SF-36) in the plot so that all the 
scores are in the same direction. Shaded areas indicate the 95% confidence interval.

Each of the five assessment instruments 

exhibited statistically significant shifts in a 

positive direction (p < 0.001). The peak latency 

of the P-300 ERP component recorded at Pz 

also exhibited a statistically significant shortening 

(p < 0.0001).  While the peak amplitude also 

increased it was not statistically significant (p = 

0.21). 

Five validated assessment instruments showed 

improvement in a pilot study of fourteen 

individuals after treatment with FNS, indicating 

that FNS may be an effective treatment for 

PPCS. The P-300 is a candidate neuro-marker 

for improved brain function in individuals 

suffering from PPCS.  Further testing is 

warranted.

Participants:
•14 OEF/OIF personnel (Active duty, reservists, civilian contractors) were 
consented for this USU and Chesapeake IRB approved study.
•Each participant reported to USU Traumatic Injury Research Program (TIRP) 
laboratory for electrophysiology assessment and self-report assessment.
Psychological Assessments:
Five validated assessment instruments were tested:
•SF-36 – Short Form 36 Item General Health Survey.
•SCL-90 – Symptom Checklist 90 general psychological screen.
•PCL – PTSD Checklist of symptoms.
•RPQ – Rivermead Post-concussion Questionnaire.
•PHQ-9 – Patient Health Questionnaire for depression.
Each instrument was administered Pre-FNS treatment and after completion of at 
least 20 FNS treatment sessions. 
Visual Oddball Task (ERP):
•Each participant was prepped with a 6-lead EEG.
•The standard stimulus was a vertical line presented for 40 msec.
•The target line was a horizontal line presented for 40 msec.
•125 stimuli in total.
•The participants were instructed to maintain a silent count of the number of 
target stimulus presentations and to report their count at the end.
P300 Measurement:
•A low-pass filter at 8 Hz was applied to remove alpha residuals.
•P300 amplitude was measured as the voltage of the largest positive peak of 
target ERP within 250-500 msec relative to stimulus onset.
•P300 latency was measured as the time of P300 peak.


