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mTBI Signs and Symptoms 



Newer Classifications: 

mTBI Signs and Symptoms 

 Symptoms 

• Somatic (HA, nausea, dizziness, fatigue, sensitivity to light and noise)  

• Cognitive (feeling slowed down, feeling mentally “foggy”)  

• Emotional (sadness, nervousness, feeling more emotional) 

 Physical Signs (vomiting, balance problems, LOC, amnesia)  

 Behavioral Changes (irritability, personality changes)  

 Cognitive Impairment (slowed reaction time) 

 Sleep Disturbances (change in sleep patterns, trouble falling asleep) 

 

Zurich Consensus statement. Clin J Sport Med .Volume 23, Number 2, March 2013 



Symptoms 

High School Concussions in the 2008-2009 Academic Year, The American 
Journal of Sports Medicine, Vol. 38, No. 12. 2010 



Major League Soccer:  ATC Survey 

Observation  % Response 
Head contact 88% 

Violent blow to body 80% 

Fall to ground w/o head contact 44% 

    

 Sign  
 

  

LOC/motionless 84% 

Unsteady/balance 84% 

Grab/clutch head 84% 

Dazed & confused 80% 

Slow to get up 76% 

Vacant look 72% 

Facial laceration w/ other sign 64% 

Fall to ground 40% 

    

 Symptom  
 

  

Blurry vision/vision problems 84% 

Headache 80% 

Dizziness/balance problems 80% 

Nausea 76% 

Neck pain 64% 

Light sensitivity 56% 

Noise sensitivity 52% 

Head contact 88% 

MLS Concussion Committee: Unpublished data 2014 



Understanding the Natural History and Symptoms Score 
Resolution: The NCAA Concussion Study  

JAMA. 2003;290:2549-2555.  
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Diagnostic Tools: 
 How Good Are They? 

Summary of evidence-based guideline update: Evaluation and management of concussion in 

sports. Neurology 2013; Published Ahead of Print on March 18, 2013 as 10.1212/WNL.0b013e31828d57dd  

• PCS (Multiple Class III studies) 

– sensitivity 91-100% 

– specificity 64-89% 

• SAC score (Multiple Class III studies) 

– sensitivity 80-94% 

– specificity 76-91% 

• Neuropsychological test (1 Class II, multiple Class III studies) 

– sensitivity 71-88% 

• Deficits in BESS (Multiple Class III studies) 

– sensitivity 34-64% 

– specificity 91% 

• Deficits in SOT (Multiple Class III studies) 

– sensitivity 48-61% 

– specificity 85-90% 

 



Sideline Testing 



·Which field are we at? 

·Which team are we playing today? 

·Who is your opponent at present? 

·Which quarter is it? 

·How far into the quarter is it? 

·Which side scored the last goal? 

·Which team did we play last week? 

·Did we win last week? 

Sideline Testing 







Br J Sports Med 2012; 46:365-370 



NY Jets Baseline PCS score 

Mellody J, Koch J and Zuffelato D: Unpublished 2013 



King–Devick Test 



Scatter plot and linear regression line showing the relation of baseline King–Devick (K–D) test time 
scores to SAC score. The regression line represents fitted values for the mean baseline K–D time 
score for each value of SCAT2 SAC Immediate Memory Score. Lower (worse) Immediate Memory 
Scores were associated with higher (worse) K–D time scores at baseline; on average, for every 1-
point reduction in SAC Immediate Memory Score, we found a corresponding increase (worsening) of 
K–D time score of 7.3 s (95% CI 4.9, 9.7, p < 0.001, R2 = 0.62, linear regression, accounting for age). 

 
Galettaa et al. Journal of the Neurological Sciences. Volume 328, Issues 1–2, 15 May 2013:28–31. 

 
 

King–Devick Test 



King–Devick Test 

Box plots show the median K–D scores for (A) baseline and sideline testing for athletes with 
concussion during the playing season (n = 10) demonstrating worsening of scores, (B) baseline 
and post-scrimmage (post-workout) testing for men's basketball players (n = 18) showing 
improvement of scores following 2 h of vigorous exercise, and (C) baseline and post-season 
testing for all athletes (n = 219) demonstrating improvement of scores likely consistent with 
learning effects.  
 
Galleta et al. Journal of the Neurological Sciences. 2011;309(1–2):34–39. 
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Balance Testing  

·Published studies using both force 

plate technology and Balance Error 

Scoring System (BESS), have 

identified postural stability deficits 

lasting approximately 72 hours 

following sport-related concussion 

 

·Postural stability testing provides a 

useful tool for objectively assessing 

the motor domain of neurologic 

functioning and should be 

considered a reliable and valid tool  

 

Evaluation and management of concussion in sports. Neurology 2013; Published Ahead of Print on March 18, 2013 as 
10.1212/WNL.0b013e31828d57dd  



Balance 

Assessment 

 

BESS 
(Balance error scoring 

system) 

 
 
 
 



BESS scoring system 



Theorized Reliabilities Using a Modified Protocol of 4 Conditions 

(Single-Leg Firm, Tandem-Leg Firm, Single-Leg Foam, and Tandem-

Leg Foam) With Increases in the Number of Trials Administered 

The Reliability of the Modified Balance Error Scoring System          
Clinical Journal of Sport Medicine. 19(6):471-475, November 2009. 

http://journals.lww.com/cjsportsmed/Fulltext/2009/11000/The_Reliability_of_the_Modified_Balance_Error.6.aspx


Summary of Baseline BESS score 

• Female Middle School- 2.6 ±2.1 

• Female High school- 3.6 ±3 

• Male Middle School- 4.75 ±3.5 

• Male High School- 4.35 ±3.8 

• D1 Football 

 

• NY Jets 

14 ±6.27 

range:  3 – 35 

 

Mellody J, Koch J and Zuffelato, D. : Unpublished data 2011 



Serial Administration of Clinical Concussion Assessments and 

Learning Effects in Healthy Young Athletes 

BESS scores within the practice group of the current investigation plotted against 

scores from a high school and collegiate populations. 

 

Copyright © 2014 Clinical Journal of Sport Medicine. Published by Lippincott Williams & Wilkins. 26 

 

               

Valovich McLeod, Tamara C.; Perrin, David H.; Guskiewicz, Kevin M.; Shultz, Sandra J.; 

Diamond, Robert; Gansneder, Bruce M. Clinical Journal of Sport Medicine. 14(5):287-

295, September 2004. doi:  
 



Ranked individual change scores for all participants. The score is calculated as PRE to 

POST such that a positive number indicated an improvement (fewer errors) in the POST. 
 

Copyright © 2014 Clinical Journal of Sport Medicine. Published by Lippincott Williams & Wilkins. 27 

 

               

Burk, John M.; Munkasy, Barry A.; Joyner, A. Barry; Buckley, Thomas A. Clinical Journal of Sport 

Medicine. 23(4):312-317, July 2013.doi: 10.1097/JSM.0b013e318285633f 
 

Balance Error Scoring System Performance Changes 

After a Competitive Athletic Season 



Computerized Balance Assessments 





BESS vs BioSway: 

 Height Comparison by Groups: Sway and BESS Test 

BESS was significantly different in the two height groups [mean ± SD for the height group of <=72 
inches was 15.31± 5.04 vs. 21.48 ± 7.53 for others, p = 0.004, based on the Two-Sample T test]. Total 
sway measures were not statistically different in the two height groups (p>0.05).  

Martins D, Padavan D, Monaco R, Kahn A. Unpublished data 2013 



History of Concussions 

NO 

(N = 20, 48%) 

YES 

 (N = 22, 52%) 

p-value* 

Sway Total Test 1 (Mean 
± SD) 3.41 ± 0.58 3.84 ± 0.93 

0.075 

                             
Median 3.27 3.80 

Sway Total Test 2 (Mean 
± SD) 3.15 ± 0.46 3.58 ± 0.75 

0.029 

                                
Median 3.17 3.62 

BESS (Mean ± SD) 17.55 ± 5.93 21.41 ± 8.19 0.087 

                                
Median 17.5 20 

BESS vs BioSway: 

 Total Sway and BESS by History of Concussions 

Total sway test 2 measure was significantly different by history of concussions status [mean ± 

SD for the group with no history of concussions was 3.15 ± 0.46 vs. 3.58 ± 0.75 for others, p = 

0.029, based on the Two-Sample T test]  

Martins D, Padavan D, Monaco R, Kahn A. Unpublished data 2013 
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Which On-Field Markers of Concussion Predict 

Poor SubAcute Outcome? 

• On-field retrograde amnesia were:  

• 10.0x more likely to have “poor” outcome at 3 days post-

concussion 

 

• On-field anterograde amnesia were:  

• 4.2x more likely to have “poor” outcome at 3 days post-

concussion 

 

• Brief LOC not predictive of outcome 

Collins et al, Clinical Journal of Sport Medicine, 13:222–229. 2003 



Markers that Predict Protracted Recovery 

(Post-Concussion Syndrome) ? 

Lau, Kontos, Collins, Lovell; Data Under Review 



On Field Signs and Symptoms 

 Predicting Recovery 

Lau et al, Which On-field Signs/Symptoms Predict Protracted Recovery From Sport-
Related Concussion Among High School Football Players? AJSM . June 28, 2011 

University of Pittsburgh Medical Center, Center for Sports Medicine. Used data 
obtained from male high school football players from Pennsylvania that 
suffered a concussion during 2002-2006 seasons.   



On Field predictors of protracted 

recovery 

Lau et al, Which On-field Signs/Symptoms Predict Protracted Recovery From Sport-
Related Concussion Among High School Football Players? AJSM . June 28, 2011 



Predictors of Early 
 Postconcussion Impairments 

Summary of evidence-based guideline update: Evaluation and management of concussion in 

sports. Neurology 2013; Published Ahead of Print on March 18, 2013 as 
10.1212/WNL.0b013e31828d57dd  

Moderate to strong evidence the following are associated 
with more severe / prolonged early cognitive impairment : 

• Elevated PCS (1 Class I study, multiple Class II & III studies) 

• Lower SAC score (2 Class 2 studies) 

• Reduction in neuropcychological score (3 Class I, 3 Class II studies) 

• Deficits in BESS (1 Class I study) 

• Deficits in SOT (1 Class I,  ! Class II) 



Predictors of Severe or Prolonged 
Postconcussion Impairments. 

Summary of evidence-based guideline update: Evaluation and management of concussion in 

sports. Neurology 2013; Published Ahead of Print on March 18, 2013 as 
10.1212/WNL.0b013e31828d57dd  

Probable risk factors for persistent neurocognitive 
problems or prolonged return to play (RTP) include: 

• Ongoing clinical symptoms are associated with persistent 
neurocognitive impairments demonstrated on objective testing 

 (1 Class I study, 2 Class II studies) 

 

• high likelihood that history of concussion is associated with 
more severe/longer duration of symptoms and cognitive 
deficits 

 (3 Class I studies, 2 Class III studies) 



Predictors of Severe or Prolonged 
Postconcussion Impairments 

Summary of evidence-based guideline update: Evaluation and management of concussion in  
sports. Neurology 2013; Published Ahead of Print on March 18, 2013 as 
10.1212/WNL.0b013e31828d57dd  

Probable risk factors for persistent neurocognitive 
problems or prolonged return to play (RTP) include: 

• early posttraumatic headache (1 Class I, 5 Class II studies) 

• fatigue/fogginess (1 Class I, 2 Class II studies) 

• amnesia/disorientation/mental status change (1 CI, 1 CII, 2 CIII 

studies)  

• younger age/level of play (2 Class I study) 

• peewee hockey, body checking (1 Class I study)  
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