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Abstract

Clinicians managing sports-related concussions are left to their clinical judgment in making 

diagnoses and return-to-play decisions. This study was designed to evaluate the utility of a novel 

measure of functional brain networking for concussion management. 24 athletes with acutely 

diagnosed concussion and 21 control participants were evaluated in a research laboratory. At each 

of the 4 post-injury time points, participants completed the Axon assessment of neurocognitive 

function, a self-report symptom inventory, and the auditory oddball and go/no-go tasks while 

electroencephalogram (EEG) readings were recorded. Brain Network Activation (BNA) scores 

were calculated from EEG data related to the auditory oddball and go/no-go tasks. BNA scores 

were unable to differentiate between the concussed and control groups or by self-report symptom 

severity. These findings conflict with previous work implementing electrophysiological 

assessments in concussed athletes, suggesting that BNA requires additional investigation and 

refinement before clinical implementation.
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Introduction

Over the previous decade, sports-related concussions have become a significant concern 

among the public and sports medicine professionals. Injury incidence estimates from 2006 

suggest that 1.6–3.8 million sports- and recreation-related injuries were occurring annually 
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[32]. Since that time, every state in the United States and the District of Columbia has 

enacted concussion legislation, resulting in a 75–92 % increase in medical system utilization 

[21]. Despite increased attention and research on the injury, health care providers continue to 

struggle with injury identification [41], diagnosis, and post-injury management.

Concussion is described as a functional disturbance of the cerebral tissue [22] following the 

direct or indirect transmission of force to the head [43]. To aid in the assessment and 

diagnosis of injury, a number of sports medicine organizations recommend the clinician 

employ a multifaceted approach to both injury diagnosis and management that includes 

assessments of self-reported symptoms, motor control (e. g., balance), and neurocognitive 

functioning [4, 23, 25, 28, 43]. To date however, no single or combined set of measures has 

the requisite sensitivity to be implemented diagnostically, making the concussion diagnosis a 

clinical one based on patient history and the physical examination.

The use of symptom, motor control, and neurocognitive assessments are implemented 

collectively to reduce false negative findings, but their accuracy is largely predicated on the 

collection of, and comparison to, a valid baseline assessment [17, 48, 54]. Although the 

value of baseline measures is debated [48], when these data are available, collegiate athletes 

have been shown to typically return to pre-injury levels on symptoms (day 7), balance (day 3 

to 5), and cognitive functioning (day 5 to 7) [39]. Indeed, it is widely accepted that 90 % of 

concussed young adults will return to pre-injury levels of clinical functioning within 10 days 

of injury [40], with adolescents taking slightly longer [19, 57, 61].

Restoration of pre-injury levels of functioning, however, may not represent complete 

metabolic recovery of the cerebral tissue. Indeed, athletes are known to suppress symptom 

reports as they may be unaware they are related to concussion, or they have a strong desire 

to return to play prior to recovery [18, 34, 41, 44, 55]. In addition, the media has reported on 

athletes intentionally performing poorly on baseline assessments [33] to mask 

postconcussion deficits, and the reliability of both neurocognitive and postural control 

assessments may be less than optimal for clinical purposes [5, 9, 49, 53]. Most recently, 

investigations have demonstrated changes in brain functioning in the absence of clinical 

decline following head impact exposure [1–3, 36, 59], leading some to speculate that true 

metabolic recovery may extend past the point of clinical recovery on standard concussion 

assessment tools [38]. To further complicate injury management, athletes may present with 

concussion-like symptoms that are due to a condition other than concussion [29].

With growing public concern over sports-related concussions and increasing recognition of 

the limitations of standard concussion assessment tools, the need for sensitive, objective 

measures has increased. The ElMindA Brain Network Activation (BNA) algorithm is a 

novel assessment of functional brain connectivity that has been described in detail by Reches 

et al. (2013) [50]. In short, BNA is a combined analysis derived from electroencephalogram 

(EEG) readings of the brain activity spectrum across the scalp and over time. Unlike 

traditional analyses based on EEG or event-related potential (ERP), measurement sites (i. e., 

electrodes) are collectively analyzed in response to a cognitive demand and are thought to 

represent the networking capacity of the brain or how distinct regions of the brain interact in 

response to an event or to complete a specific task. The platform has the potential to inform 
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the medical provider with objective measures of brain functioning during concussion 

recovery. Previous investigations implementing this technology have reported its ability to 

differentiate between those with and without attention deficit hyperactivity disorder [56], 

document brain networking changes that coincided with improved working memory 

performance with donepezil administration [51], decreased networking with scopolamine 

administration that coincided with increased response times and suppressed response 

accuracy [52], differentiate between those with and without post-traumatic migraine 

following concussion [31], and a case study found BNA declines following concussion 

relative to pre-injury measures [30]. These findings suggest that BNA technology may have 

the ability to monitor brain networking changes associated with concussion and be beneficial 

to clinical concussion management. Therefore, the purpose of this investigation was to 

compare BNA scores in conjunction with standard symptom reports and neurocognitive 

assessments in concussed and control athletes.

Methods

A total of 45 athletes (n = 24 concussed) were enrolled in this investigation (20 males, 16.7 

± 2.5 years, 167.9 ± 19.7 cm, 68.9 ± 18.5 kg). Concussed athletes were recruited from a 

concussion clinic and all concussions were confirmed by a physician prior to enrollment. 

Control participants matched for gender, sport, age, height, and weight were recruited from 

local high schools and universities. Following the completion of a demographics form on the 

first visit, all participants completed the following assessments at 4 time points: EEG/event-

related potential (ERP) recordings during auditory oddball and go/no-go tasks, the Axon 

assessment of neurocognitive function, and a self-report symptom inventory (described 

below).

Following a clinical care model, concussed participants were evaluated at 4 time points: 

symptomatic, self-report asymptomatic, return to play (RTP), and one month post-

asymptomatic. The symptomatic time point was completed within 10 days of injury if the 

athlete continued to report symptoms. The asymptomatic time point was defined as within 4 

days of the athlete reporting complete concussion symptom resolution. The RTP time point 

was within 4 days of medical clearance to return to sport, and the one-month time point was 

at one month post-asymptomatic. Control participants completed the test sessions within one 

week of their matched injured athlete’s test sessions. Informed consent and/or assent was 

obtained based on the University of Michigan Institutional Review Board protocol prior to 

any data collection and ethical standards were maintained throughout the study [26].

BNA analysis

The Brain Network Activation (BNA) algorithm is a proprietary analysis applied to standard 

ERP data (ElMindA, Ltd., Herzliya, Israel). A sub-component of EEG, ERP, represents the 

patterns of neuroelectric activation that occur in preparation for, or in response to, an event 

(typically visual or auditory). In this investigation, data were collected using a 256-channel 

Ag-AgCl wet lead cap and 300-amp amplifier (Electrical Geodesics, Inc, Eugene, OR). Data 

were recorded at 256 Hz, bandpass-filtered at 0.1–100 Hz, and stored for BNA analysis at a 

later date. Eye motion and blinks were removed as previously described [50]. The BNA 
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score was completed in 2 separate stages (Fig. 1): the normative group pattern analysis stage 

(blue arrows) and the individual subject evaluation stage (red arrows). Separate from this 

investigation, normative group EEG data were collected and underwent a 5-step analysis: (1) 

data preprocessing, (2) bandpass filtering, (3) discretization, (4) normalization, and (5) 

network analysis to form a set of patterns that characterize the group. In this investigation, 

individual subject evaluation of the raw EEG underwent 5 steps of evaluation: stages 1–4 as 

performed in the group analysis stage and stage 5 based on a set of patterns collected during 

the group analysis stage. The individual patterns were then compared to group patterns 

derived. This process has been described in detail elsewhere [31]. BNA scores range from 0 

to 100, and represent the percent similarity between the individual subject’s BNA pattern 

and the normative group pattern.

Oddball task

During the auditory 3-stimulus oddball task, participants respond as quickly and accurately 

as possible with a right hand button press only to a randomly occurring, infrequent target 

stimulus tone while ignoring all other auditory stimuli. Target stimuli were presented as a 1 

000-Hz tone that occurred with a 10 % probability. Frequent stimuli were a 2 000-Hz tone 

occurring with 80 % probability. In addition to the target and frequent stimuli, novel stimuli 

(e. g., white noise, phone ring, knock on door, etc.) were presented with a 10 % probability. 

Stimuli were presented using a headset over a total duration of 16 min. A total of 5 BNA 

scores representing distinct activation networks were calculated: 2 associated with the 

frequent stimulus (OB-F1, OB-F2), 2 with the target stimulus (OB-T1, OB-T2), and one 

with the novel stimulus (OB-N).

Go/No-go task

Participants were presented serially with blocks of 200 tones through a headset every 1 000–

2 000 ms. Subjects depressed a button whenever a target (i. e., go) tone (2 000 Hz) was 

presented and inhibited a response to non-target (i. e., no-go) tones (1 000 Hz). Targets and 

non-targets were presented with probabilities of 80 % and 20 %, respectively. The go/no-go 

task took 18 min and yielded 2 BNA scores representing unique activation networks 

associated with the go (GNG-G) and no-go (GNG-N) stimuli.

Axon

The Axon Sports Computerized Cognitive Assessment Tool (CCAT) is a common clinical 

concussion assessment tool that measures the speed and accuracy of different cognitive 

processes: processing speed, attention, learning, and working memory. Each 15-min test 

features 4 tasks based on responses to playing cards presented on the computer monitor. The 

test has been implemented in a number of previous investigations on sports concussion [12, 

13, 58] and has demonstrated high sensitivity (71 %) to cognitive declines associated with 

concussion [37].

Symptom inventory

The SCAT2 symptom inventory [42] was used to track the presence and severity of 

concussion-related symptoms at each assessment time point. The symptom inventory asks 
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the athlete about 22 different symptoms that are commonly associated with concussion (e. 

g., nausea, dizziness, headache, etc.), and grades them on a scale of 0–6 (none to severe) 

with the values summed for a severity score.

Data analysis

The primary analyses for this investigation implemented group (concussed and control) by 

time (symptomatic, asymptomatic, RTP, and one month) analyses of variance (ANOVA) 

with repeated measures for each BNA score, Axon output variable, and the SCAT2 severity 

scores. Oddball and go/no-go data were unavailable for analysis. Because BNA is an 

emerging technology for concussion clinical care that may detect ongoing changes in 

functional brain networking in the absence of overt symptoms, a secondary analysis was 

completed to evaluate the relationship between SCAT2 symptom severity reports and BNA 

performance using Pearson correlations. Additionally, the concussed and control athletes 

were categorized based on symptom severity scores suggested by Lovell et al. [35] [0 (Low-

normal), 1–5 (Broadly Normal), 6–12 (Borderline), 13–26 (Very High), > 26 (Extremely 

High)] and the BNA scores were revaluated using group-by-time ANOVAs. Violations to 

sphericity were evaluated using Mauchly’s test and corrected with the Greenhouse-Geisser 

technique as needed. Significance was noted when p < 0.05 and posthoc analyses were 

corrected using the Bonferroni method. All analyses were performed using SPSS v22.

Results

24 athletes with acutely diagnosed concussion (11 males, 16.3 ± 2.2 years, 165.5 ± 25.1 cm, 

71.2 ± 18.5 kg, 1.2 ± 1.1 previously diagnosed concussions (range 0–4), n = 3 with migraine 

history, n = 1 with anxiety and depression) and 21 control participants (9 males, 17.1 ± 2.9 

years, 170.9 ± 9.7 cm, 66.0 ± 18.2 kg, 0.8 ± 1.1 previously diagnosed concussions (range 0–

5), n = 1 with migraine history, n = 0 with anxiety and depression) were enrolled. Concussed 

athletes completed the symptomatic time point assessment within 6.2 ± 2.4 days of injury, 

followed by the asymptomatic (20.0 ± 46.3 days later; 26.2 ± 43.8 days postinjury), RTP 

(23.0 ± 31.6 days later; 49.2 + 60.9 days post-injury), and one month assessments (30.3 

± 8.6 days following the RTP visit; 79.5 ± 60.1 days post-injury). Control athletes followed 

a similar schedule with the asymptomatic visit completed 21.4 ± 46.3 days following the 

initial visit, followed by the RTP (27.7 ± 33.4 days later) and one month (26.7 ± 11.3 days 

later) assessments. There were no significant differences between participant group 

demographics (i. e., age, height, weight, previous concussions, migraine, anxiety/depression) 

or assessment times (ps > 0.05).

BNA findings

In primary analyses, no significant group or time effects were present for the OB-N, OB-F1, 

OB-F2, OB-T2, GNG-G, and GNG-N BNA markers (ps > 0.05). A significant time effect 

(F(3,126) = 5.13, p = 0.002) was present for the OB-T1 marker, with post-hoc analyses 

indicating significantly higher scores at the symptomatic time point (58.2 ± 34.6) compared 

to the asymptomatic (45.6 ± 37.2, p = 0.03), RTP (42.0 ± 36.1, p = 0.03), and one month 

(39.9 ± 39.3, p = 0.01). No significant group effect was present for the OB-T1 marker (p > 

0.05). Mean BNA scores by group and assessment point are presented in Fig. 2.
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Axon findings

Evaluation of the Axon output scores did not reveal significant group or time differences for 

processing speed (ps > 0.05). Analysis of the attention output score revealed a significant 

group effect (F(1,43) = 4.88, p = 0.03). Additional attention analysis indicated concussed 

athlete performed significantly worse when compared to controls at the symptomatic time 

point (100.1 ± 5.9 vs. 104.5 ± 4.6, p = 0.01), but there were no differences at the 

asymptomatic (p = 0.15), RTP (p = 0.12), or one-month (p = 0.29) time points. Significant 

time effects were noted for learning (F(3,129) = 7.40, p < 0.0001) with performance at the 

symptomatic time point (101.1 ± 10.2) being significantly lower than RTP (106.8 ± 10.1, p < 

0.0001) and at one month (109.0 ± 10.8, p < 0.0001). There was no significant group effect 

(p = 0.35) for learning. Following a Greenhouse-Geisser correction for a sphericity violation 

(W(5) = 0.13, p < 0.0001), a significant time effect (F(1.38, 59.45) = 3.69, p = 0.05) was 

noted for the working memory- speed variable. Performance at the symptomatic time point 

(99.1 ± 6.8) was significantly lower than RTP (102.7 ± 6.2, p < 0.0001) and the one month 

(103.4 ± 6.1, p < 0.0001). There was no significant difference between the symptomatic and 

asymptomatic (p = 1.00) time points or a significant group effect (p = 0.22). Significant 

group effects (F(1,43) = 5.34, p = 0.026) were noted for the working memory – accuracy 

variable, with control athletes performing better overall than concussed (105.7 ± 8.17 vs. 

101.8 ± 10.75, p = 0.03). Additional analyses of the working memory – accuracy scores 

indicated control athletes performed significantly better than concussed at the symptomatic 

time point (105.8 ± 7.19 vs. 100.3 ± 9.42, p = .0.35), but there were no significant 

differences at the asymptomatic (p = 0.10), RTP (p = 0.61), or one-month (p = 0.51) time 

points. There was no significant time effect for the working memory – accuracy variable (p 

= 0.11). Mean Axon scores by group and assessment point are presented in Table 1.

Symptom findings

Analysis of the SCAT2 total symptom severity score revealed significant group (F(1,43) = 

36.83, p < 0.0001) and time effects (F(3,129) = 59.15, ps < 0.00). As expected, concussed 

athletes reported significantly greater symptom severity relative to controls at the 

symptomatic (31.4 ± 18.4 vs. 1.2 ± 1.5, p < 0.0001) and asymptomatic (3.4 ± 5.6 vs. 0.5 

± 0.9, p = 0.24) time points. Within the concussed athlete group, significantly higher 

symptom severity was reported at the symptomatic time point (31.4 ± 18.4) compared to the 

asymptomatic (3.4 ± 5.6, p = 0.004) and RTP (2.6 ± 4.7, p = 0.024) time points. The 

concussed group also had significantly greater symptoms at the asymptomatic time point 

(3.4 ± 5.6) compared to the RTP time point (2.6 ± 4.7, p < 0.0001). There were no 

differences between the RTP or one-month time points. Mean SCAT2 symptom scores by 

group and assessment point are presented in Table 1.

BNA symptom findings

In the secondary analyses, there were significant negative associations between total 

symptom severity and OB-F1 (r = − 0.49, p = 0.001) and OB-F2 (r = − 0.40, p = 0.006) 

BNA scores at the symptomatic time point. In addition, there was a positive relationship 

between the Axon Working Memory Speed and OB-F1 (r = 0.34, p = 0.02). No other 
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significant correlations were noted between symptom severity or Axon scores and BNA 

scores at the asymptomatic, RTP, or one-month time points (ps > 0.05).

Secondary ANOVA analyses compared BNA performance when the participants were 

divided by symptom severity reports at the first assessment point [Low-normal (n = 9), 

Broadly Normal (n = 13), Borderline (n = 3), Very High (n = 4), Extremely High (n = 14)]. 

Mean BNA scores by symptom group and assessment time point are presented in Fig. 3. 

Analysis of the OB-N marker revealed a significant time main effect (F(3, 114) = 3.77, p = 

0.01), but no group main effect (p = 0.25). Post-hoc analysis of the time effect indicated a 

significantly higher OB-N BNA score at the symptomatic time point (70.1 ± 20.2) compared 

to the return-to-play (62.2 ± 20.4, p = 0.02) and one-month (63.4 ± 17.5, p = 0.01) time 

points. A significant group × time interaction effect was found for the GNG-N measure 

(F(12,144) = 1.97, p = 0.033), however the main effects for group (p = 0.56) and time (p = 

0.27) were both non-significant, precluding additional analyses. No significant group or time 

effects were found for OB-F1, OB-F2, OB-T1, OB-T2, or GNG-G (Fig. 3).

Discussion

This investigation sought to compare BNA scores between concussed and control athletes as 

a step toward their potential use as a clinical management tool in athletes with sports-related 

concussion. The BNA scores evaluated in this investigation were unable to differentiate 

between concussed and control athlete groups (Fig. 2) or those with varying symptom 

severity reports (Fig. 3). OB-N scores were shown to differ over time, but with the highest 

scores reported at the symptomatic time point and declining performance moving forward, 

clinical utility is not implied. The OB-F1 and OB-F2 networks were negatively related to 

symptom reports, suggesting a link between symptoms and the cognitive networking 

associated with the oddball task. Interpreting the relationship between symptom reports and 

oddball performance, however, is not entirely clear. That is, the oddball test has traditionally 

been implemented as a means to elicit attention and response inhibition [7], which do not 

explicitly overlay with symptom reports, but the relationship does suggest a common 

underlying etiology that presents in both measures. Previous investigations implementing 

advanced neuroimaging and electrophysiological techniques have demonstrated functional 

brain changes associated with symptom presentation. Most germane to this investigation, 

Kontos et al. [31] reported on BNA performance among 37 concussed athletes (15 with post-

traumatic migraine (PTM) and 22 without) and 20 control subjects up to one month post-

injury. Using a go/no-go task, those with PTM were found to have significantly lower BNA 

scores relative to both the concussed non-PTM and control groups on the go and no-go 

components 3 weeks post-injury, as well as the no-go component at week 4. The weeks 3 

and 4 assessments also demonstrated impaired performance by the PTM group on the 

ImPACT visual memory, visual processing speed, reaction-time components, and symptom 

reports relative to the control group. Traditional ERP measures have also been implemented 

to evaluate concussion-related symptoms. Indeed, Dupuis et al. [16] found that concussed 

individuals who remained symptomatic 1.7 months post-injury had a smaller ERP amplitude 

relative to a non-symptomatic concussed group at 9.8 months post-injury and a non-

concussed control group. Similarly, ERP latency has been shown to increase in those with 

concussion reporting symptoms of ‘memory problems’ and ‘taking longer to think’ [20].
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Concussion-related symptoms were also evaluated by Chen et al. [10], who reported on a 

group of 18 concussed (mean 5 months post-injury, divided by low and moderate symptom 

score) and 10 control athletes who completed the CogSport assessment and functional MRI 

(fMRI) during verbal and non-verbal working memory tasks. The low symptom group 

performed equivalently to the controls on the CogSport battery, whereas the moderate 

symptom group demonstrated impaired performance relative to the other groups. The 

moderate symptom group also performed worse than the low symptom group on the verbal 

and non-verbal working memory task. fMRI findings indicated decreased activation among 

the low and moderate symptom groups during the verbal and non-verbal working memory 

task. In another investigation by Chen et al. [11], 15 concussed athletes (mean 4.8 months 

post-injury) with on-going concussion-related symptoms and 8 control participants were 

evaluated on a working memory task while fMRI was completed. The 2 groups performed 

equally on the working memory task, but the symptomatic concussed athletes displayed 

lower BOLD activity in the mid-dorsolateral prefrontal cortex, the area associated with 

working memory information monitoring. These results suggest the potential for cerebral-

level physiological changes that underlie post-concussion symptoms to be indexed by 

advanced neuroimaging and electrophysiological techniques. It is unclear then why similar 

results were not seen here, suggesting that the clinical application of BNA hinges on 

additional investigation and refinement. In the interim, because athletes displaying evidence 

of metabolic and electrophysiological alterations also reported concussion-related 

symptoms, the more prudent clinical measure is the continued implementation of a symptom 

checklist and other commonly implemented clinical assessments.

Should the BNA be refined and able to differentiate between those with and without a 

concussion shortly following injury, particularly when an athlete denies any concussion-

related symptoms, its use as a return-to-play decision-making tool will need to be carefully 

interpreted. As BNA is a measure of cerebral electrophysiology, it is unclear if scores should 

ever be expected to entirely return to pre-injury levels. A number of investigations have 

shown persistent deficits (i. e., decreased amplitude and/or increased latency) to various ERP 

components years after injury. For example, alterations in the P3b component have been 

documented following concussion at 5 to 15 weeks [16, 24], 20 to 59 months [20], and 31 to 

56 months [14]. Similar findings related to persistent changes in the P3a component have 

been reported in previously concussed participants 22 to 60 months [60], 3.4 years [8], and 

26 years [15] post-injury. To a lesser extent, suppressed Ne has been shown at 2.9 years [47], 

suppressed P1 amplitude at 6.7 years [45], and an altered N2 component at 7.1 years post-

injury [46]. While these findings were generated in response to the target stimuli during a 

visual task, compared to the auditory task implemented here, it is possible that ongoing 

deficits may need to be accounted for by clinicians when interpreting post-concussion 

results.

As with all investigations, this study is not without its limitations. Perhaps most notable is 

the protracted recovery period by our concussion cohort. Indeed, typical concussion 

recovery is estimated at less than 14 days [39], yet our sample did not report being 

asymptomatic until day 26. How this may influence BNA performance is not known, but the 

longer-than-expected recovery period may be interpreted as a more severe injury reported in 

other clinic based studies [27]. In addition, while individualized BNA scores are compared 
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to the normative dataset, there is research benefit in collecting pre-morbid information for 

direct comparison in the post-injury state.

Although higher symptom severity scores were associated with worsening OB-F1 and OB-

F2 networks, this investigation failed to show the capability of the BNA networks to 

differentiate between concussed and non-concussed athletes or between those with varying 

levels of self-report symptoms. While the BNA technology has strong underpinnings in 

electrophysiological science, its use in the clinical management of concussed athletes is not 

prudent. Indeed, the multi-faceted concussion assessment battery has been shown to have a 

high level of sensitivity to concussion in a prior investigation of 94 concussed collegiate 

football athletes where the individual sensitivities of a symptom scale (89 %), balance 

assessment (34 %), and Standardized Assessment of Concussion (SAC) (80 %) were found 

to increase to 94 % when considered in combination at the time of injury [37]. Another 

investigation of 75 collegiate athletes reported similar individual and combined sensitivities 

within 24 h of injury [symptoms scale (68 %), computerized postural control (62 %), pen-

and-paper or computerized neurocognitive assessments (43 to 78 %), combined sensitivity 

(89–96 % )] [6]. At this time, these standard clinical assessments are more cost-effective 

than advanced measures, but lose sensitivity as the athlete recovers [37]. It is conceivable 

therefore, that as the technology improves, more advanced measures may add information to 

the injury management process and better inform the return-to-play decision when signal 

detection of standard clinical tests diminishes. Indeed, additional BNA networks have been 

identified and are commercially available since the inception of this investigation that may 

provide additional information to the injury management process. Thus to better clarify this 

issue, investigations collecting pre-injury levels of BNA performance and functioning on 

clinical and structural measures (e. g., DTI) and protracted post-injury assessments should 

be conducted.
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Figure 1. 
The process by which standard EEG signals are processed to determine brain networks 

associated with a given task.
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Figure 2. 
Mean and standard deviation BNA scores presented by assessment point for each network. 

Dashed lines represent concussed athletes and the solid lines represent controls. No 

significant differences were noted (p’s>0.05).
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Figure 3. 
Mean and standard deviation BNA scores presented by assessment point and symptom 

severity group for each network. Symptom severity was determined by self-report on the 

SCAT2 symptom list with a report of 0 (Low-normal), 1-5 (Broadly Normal), 6-12 

(Borderline), 13-26 (Very High), 4 (Extremely High).
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