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Learning Objectives

ldentify new classifications of concussions
Analyze the field of play to better predict athletes “at risk”

Recognize signs and symptoms most predictive of
outcome

Evaluate sensitivity and specificity of various on the field
assessment tools

Analyze the evidence supporting rehab (early exercise) in
the concussed athlete

Understand which patients to refer for Balk-C versus
progressive Return to Play protocol




Overview

Video Analysis

On Field Assessment
— PCS

— SAC

— SCAT 5

— King-Devick

— Balance

— VOMS

Predicting Outcome
Exercise as Treatment

STEM
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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 (iritability, personality changes)

Cognitive Impairment (slowed reaction time)
Sleep Disturbances (change in sleep patterns, trouble falling asleep)

P



Post Concussive Disorder (>3 months)

Physiologic o
. Migraine
(Dysautonomia)

Vestibular/Ocular

_ Cervical
Affective




Overview

Concussion Subsets

On Field Assessment
— PCS

— SAC

— SCAT 5

— King-Devick

— Balance

— VOMS

Predicting Outcome
Exercise as Treatment

STEM
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NFL Video Analysis

*  While helmet-to-helmet concussions
remain frequent, helmet-to-body
(particularly shoulder) impacts and
helmet-to-ground impacts are
significant

Impact Source

Diving/Leaping 2% Other

* Tackling is the most common activity
of concussed players

Tackling
41%

Blocking
O 19%

Player Activity



NFL Video Analysis

Concussions by Player Position

(2015 + 2016, n=383)
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Relative Concussion Rate
Mormalized Concussions/position plays
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NFL Video Analysis

Front

Facemask Rear
(upper edge (upper)

Facemask Rear

(central) (lower)

Facemask Side
(side edge) (lower)

Side of the helmet is the most
common impact location

Helmet-to-ground concussive
impacts were notable for the high
prevalence of impacts to the back of
the helmet and their frequency
during passing plays



Overview

e Concussion Subsets
* Video Analysis

STEM

* Predicting Outcome
* Exercise as Treatment
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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?
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Diagnostic Tools:
How Good Are They?

| © SCATII
— > 3.5 decrease from baseline is 96% sensitive and 81% specific
— value < 74.5 associated with 83% sensitivity and 91% specificity

* PCS
— sensitivity 91-100%
— specificity 64-89%
* SAC score
— sensitivity 80-94%
— specificity 76-91%
* Neuropsychological test
— sensitivity 71-88%
* Deficits in BESS
— sensitivity 34-64%
— specificity 91%




Table 3  Psychometric properties of sideline assessment tests*
Test and/or Sensitivity Specificity = Test-retest
Author Type of athletes Athletes (n) Concussed Controls  criterion (%) (%) reliability AUC
Symptoms
McCrea et al"” College football 1631 94 56 89 100
Putukian et a2 College athletes 263 R 23 SCAT2 84 100
Chin et a”® High school and college 2018 166 164 0.88
athletes
Resch et al'® College athletes 40 40 Revised Head 9% 100
Injury Scale
Garcia et al*’ College athletes 733 SCAT3 93 97 0.98
Broglio et al”® College athletes 4360 0.40t
Total 3192 1065 283
Standardized Assessment of Concussion
Barr and McCrea' High school and college 1313 50 68 3-point decline 72 94 0.55%
football
McCrea et al"® High school and college 1325 63 55 3-point decline 78 95 0.488
foothall
McCrea et al'? High school and college 2385 91 <10th percentile 79
football of normative
McCrea et al™® College football 1631 94 56 ? 80 91
Echlin et a/'" Ice hockey (age 16-21) 67 21 - 1-point decline 54
Barr et al"® High school and college 823 59 31 7 3 87
foothall
Marinides et al”® College athletes 217 30 2-point decline 52 82
Galetta ef al™' Hockey/lacrosse youth/ 332 12 14 2-point decline 20 21 0.68
college
Putukian et a2 College athletes 263 Y] 23 <10th percentile 41 91
of normative
Chin et af” High school and college 2018 166 164 0.39t 0.56
athletes
Broglio et al*> College athletes 4874 039t
Total 15284 618 411
BESS
McCrea et al"® College football 1631 94 56 Modified BESS 36 95
Broglio et al'* Young adults 48 BESS 0,601
Barr et al'® High school and college 823 59 31 Modified BESS 3 n
football
Putukian et a2 College athletes 263 32 23 Modified BESS 25 100
Chin et ai”® High school and college 2018 166 164 Modified BESS 0.54t 0.56
athletes
E Broglio et al** College athletes 2894 BESS 041+
= Total 4735 351 274
Oculomotor (KD)
£ Galetta et al”’ Football, men'siwomen’s 219 10 Worsening of KD 100
E basketball time
- Leong et al'® Boxing Worsening of KD 100 100 0.9t
: >5s
T Galetta et al”' Hockey/lacrosse youth/ 332 12 14 Worsening of KD 75 93 0.92
(V] college time
= Leong et al*® College football, men's/ 127 n Worsening of KD 89 0.95%
=z women's basketball time
j King et al' Amateur rugby 94 100 0.92t
: Marinides et al™® Football, women’s lacrosse, 217 30 Worsening of KD 79
soccer time
Seidman et af** High school football 343 9 Worsening of KD 100 100
time
Dhawan et al*® Youth hockey 141 20 Worsening of KD 100 91
>5s
Fuller et al'® Elite English rugby 145 Worsening of KD~ 60 39 0.51
time




Overview

= Concussion subsets
= On Field Assessment “
SCAT 5 '
SCAT 5 Child
« PCS
King-Devick
Balance
VOMS

= NFL Sideline Assessment
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On Field predictors of protracted
recovery

TABLE 2
Frequencies of On-Field Sign/Symptoms and as Predictors of Protracted Recovery”®
On-field Sign/Symptom n Rapid Recovery Protracted Recovery X© P Odds Ratio 95% Confidence Interval
Dizziness” 87 45 34 6.97 01 6.42 1.39-29.7
eadache 100 58 35 0.64 A3 241 0.26-22.47

Posttraumatic ammesia 36 14 11 1.29 26 1.72 0.67-4.42
Sensitivity light/noize 53 24 18 1.19 28 1.58 0.70-3.63
WVizual problems (1] 25 a5 0.62 43 1.40 0.61-3.2
Retrograde amnesia 29 15 10 0.12 .73 1.18 0.46-3.00
Confusion 71 41 25 0.11 .74 1.16 0.48-2 82
Fatigue 66 31 19 0.04 85 1.08 0.48-2.47
Balance problems 55 31 16 0.28 B0 .80 0.35-1.83
Personality changes 26 17 7 0.86 A5 0.63 0.23-1.6
Vomiting” 15 11 2 2.73 A0 028 0.06-1.37
Numbness 20 15 5 1.34 25 0.52 0.17-1.59
Loss of consciousness” 13 11 2 2.73 10 0.28 0.06-1.37

4
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Recovery Prediction

Strongest and most consistent predictor of slower recovery from SRC
is the severity of a person’s initial symptoms in the first day, or initial
few days, after injury (PCS severity score)

Young adults with a pre-injury history of mental health problems or
migraine headaches appear to be at somewhat greater risk of having
symptoms for more than 1 month

Physical activity within 7 days of injury compared with no physical
activity was significantly associated with reduced risk (24.6% vs.
43.5%) of symptoms at 28 days (Grool et al. JAMA 2017 )

Degree of early exercise tolerance is a strong predictor of recovery
(p=0.0032): lower tolerance = longer recovery (Leddy et al. C/SM
2018)




Post Concussive Disorder

Unpublished data: John Leddy, MD

[]Physiologic
I Cervicogenic
CIMigraine

I Depression
BPTSD
LVisual




Clinical Subtypes
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Figure 1  Overlapping dinical profiles: an emerging concept to facilitate individualised management after sport-related concussion. Most patients
have features of multiple profiles. HA, headache; SCAT, Sports Concussion Assessment Tool.




Overview

e Concussion Subsets

* On Field Assessment
— PCS
— SAC
— SCAT 5
— King-Devick
— Balance
— VOMS

* Predicting Outcome
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Rehabilitation of Concussion and PCS

NO scientific evidence that prolonged rest is beneficial

* NO scientific evidence that medications speeds recovery

— SSRI’s, TCA’s may help with depression and insomnia

— Aricept, lecithin, CDP-choline may alleviate cognitive deficits ?

* Limited evidence that psychological interventions are beneficial

* Vestibular rehab has been shown to decrease vertigo and dizziness

STEM

* Neurocognitive rehab improves attention

ATLANTIC HEALTH 8Y
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Exercise as Concussion Rehab ?

Aerobic exercise 14 - 21 days after concussion upregulates
neurotrophins in association with improved cognitive performance

BEST available evidence suggests that complete rest exceeding 3 days
is probably not helpful

Brief period of rest during the acute phase (24-48 hours) after injury,
followed by gradual/progressive activity while staying below their
cognitive and physical symptom-exacerbation thresholds (ie, activity
level should not bring on or worsen their symptoms). (
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Autonomic Nervous System Dysfunction

* Ventilation is inappropriately low for the level of
exercise intensity

® Raising arterial carbon dioxide (PaCO2) levels

* Elevated PaCO2 increases cerebral blood flow | g
(CBF) out of proportion to exercise intensity e

* Increased CBF is associated with symptoms

(headache & dizziness) that limit exercise e .-
fomes I Pand
performance o |
e i FD e
. . PAF gl
* Sub-threshold aerobic exercise treatment i e —

increased CO2 sensitivity to normal, which
normalized PaCO2, exercise ventilation, CBF, and
exercise tolerance
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Benefit or No Harm of Moderate Physical Activity
or Controlled Exercise for Concussion

Physical Activity Aerobic Exercise
 Majerskeet al. (2008)-Retrospective * Gagnon et al. (2009)-Prospective case series
 Brown et al. (2014)-Retrospective.  Leddy et al. (2010)-Prospective case series
e Thomas et al. (2015)-RCT  Baker et al. (2012)- Retrospective
* Buckley et al. (2015)-Prospective cohort * Leddy et al. (2013)-Quasi experimental
e Silverberg et al. (2016)- analysis of RCT * Clausen et al (2015)-Prospective cohort
* Groolet al. (2016)-Prospective multicenter  Maerlender et al. (2015)- RCT in acute SRC

cohort  Dematteo et al. (2015)-Prospective X-sectional
 Howell et al. (2016)-Prospective cohort Cordingley et al. (2016)-Retrospective
* Taubmanet al. (2016)-Prospective cohort « Gagnon et al. (2016)-Prospective case series
» Sufrinkoet al. (2017)- analysis of RCT «  *Kurowski et al. (2017)- RCT in PPCS.

 Chrisman et al. (2017)-Retrospective
 *Leddy et al (2017)- RCT of assessment
exercise tolerance in first week after SRC.

* Chanetal (2018)-RCT in PPCS.
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M) Check for updates

Clinical Sports Medicine Update

The Effect of Physical Exercise
After a Concussion

(@)
5

A Systematic Review and Meta-analysis

Avtar Lal,*" MD, PhD, Stephanie A. Kolakowsky-Hayner,! PhD,
Jamshid Ghajar,** MD, PhD, and Maya Balamane,” MPH
Investigation performed at the Brain Trauma Foundation, Campbell, California, USA

AJSM Vol. 46, No. 3, 2018 Exercise After Concussions 747
Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Randomized controlled trial
Thomas 2015 13.95 16 43 21.51 16 45 11.6% -7.56 [-14.25, -0.87] —_—
Subtotal (95% CI) 43 45 11.6% -7.56 [-14.25, -0.87] -’—

Heterogeneity: Not applicable
Test for overall effect: Z = 2.22 (P = 0.03)

3.1.2 Non-randomized studies

Clausen 2016 6.5 6 6 19 6 9 12.3% -12.50[-18.70, -6.30] —_—
Gagnon 2009 6.7 5.7 14 30 20.8 14 6.5% -23.30[-34.60, -12.00] ———

Gagnon 2016 2.7 3.2 9 174 12.8 9 9.0% -14.70[-23.32, -6.08] —_—

Howell 2016 10.5 17.2 113 26.1 28.7 53 9.4%  -15.60 [-23.95, -7.25] e —

Howell 2016a 3.8 81 118 26.1 28.7 52 9.9% -22.30[-30.24, -14.36] e —

Kurowski 2016a 6 8.2 6 239 15.1 15 7.5% -17.90[-27.97, -7.83] e —
Kurowski 2016b 16.3 9.2 13 275 18.9 15 6.9% -11.20[-21.99, -0.41] e —
Leddy 2013 5.2 7.4 6 17.5 3.2 6 11.9% -12.30[-18.75, -5.85] ——
Majerske 2008b 17.29 24 57 23.19 26.59 25 5.9% -5.90 [-18.04, 6.24] I E—
Majerske 2008c 14.82 22 26 23.19 26.59 26 5.2% -8.37 [-21.64, 4.90] e —
Majerske 2008d 28.86 18.6 9 23.19 26.59 27 4.0% 5.67 [-10.09, 21.43]

Subtotal (95% CI) 377 251 88.4% -13.80[-17.45, -10.16] <

Heterogeneity: Tau? = 14.47; Chi? = 16.68, df = 10 (P = 0.08); IZ = 40%
Test for overall effect: Z = 7.42 (P < 0.00001)

Total (95% CI) 420 296 100.0% -13.06[-16.57, -9.55] <9
T 2 _ . 2 _ _ _ L2 = 449 } } :

Heterogeneity: Tau = 16.13; Chi* = 19.78, df = 11 (P = 0.05); I = 44% 30 1o ) o 20

Test for overall effect: Z = 7.29 (P < 0.00001) Exercise Control

Test for subgroup differences: Chi? = 2.58, df = 1 (P = 0.11), I = 61.2%

Figure 2. Effect of exercise on the Post-Concussion Symptom Scale (PCSS) score. /2, heterogeneity; IV, inverse variance; RCT,
randomized controlled trial.




Effect of Exercise on SCAT and ImPACT

Activity Rest Mean Difference Mean Difference

Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.12.1 Change in Verbal Memory

Maerlendar 2015 -0.87 0.75 13 -0.39 0.74 15 B6.8% =048 [-1.03, 0.07]

Majerske 20080 -0.9 2.49 57 -1.25 2.72 25 13.2% (.35 [-0.90, 1.60]

Majerske 2008¢ 1.28 2.2 26 =125 2.72 26 11.3% 0.03 [-1.37, 1.31]

Majerske 2008d -0 1.8 9 -1.25 2.72 7 B.4% 0,35 [-1.21, 1.91]

Themas 2015 3.5 186 43 4.2 19 45 0.3% -0,70 [-8.56, 7.16]

Subtotal (95% CI) 148 138 100.0% 0.25 [-0.70, 0.20]

Heterogeneity: Tau? = 0.00; Chi* = 2. 24, df = 4 (P = 0.69); I = 0%
Test for overal| effect: £ = 1.09 (P = 0.28)

3.12.2 Change in Visual Memaory

Maerlendear 2015 -1.43 1.45 13 -0.68 1.29 15 24.6% =080 [-1.82, 0.22]
Majerske 2008b 006 1.81 57 -0.08 202 25 25.8% (.14 [-0.78, 1.06]
Majerske 2008c 0.68 1.63 26 008 2.02 26 24 9% 0.60 [-1.60, 0.40]
Majerske 2008d -1.65 1.35 9 -0.08 2.02 27 2308 -1.57 [-2.74, -0.40] -
Thomas 2015 16.5 20.1 43 5.2 17.8 45 1.6% 11.300[3.35, 19.25] _—
Subtotal (95% CI) 148 138 100.0% 0.49 [-1.53, 0.56] "
Hetarogeneity: Tau® = 0,89; Chi® = 13,84, df = 4 (P = 0.008); I* = 71%
Test for overall effect: Z = 0.91 (P = 0.36)
3.12.3 Change in Visual Motor Spead
Maerlender 2015 0.2 1.45 13 036 1.57 15 19.7% -0.16 [-1.28, 0.96] -
Majerske 2008b 0.28 1.74 57 -0.42 193 25  31.8% (.14 [-0.74, 1.02]
Majerske 2008c -0.51 1.53 26 -0.42 1.83 26 27.6R -0.09 [-1.04, 0.86] E
Majerske 2008d -0.87 1.28 9 -0.42 193 27 20.5% -0.45 [-1.55, 0.65]
Thomas 2015 18 19.7 43 137 187 45 0.4% 4.30[-3.73, 12.33] -_—
Subtotal (95% CI) 148 138 100.0% =0.09 [-0.58, 0.41] [
Heterogeneity: Tau® = 0.00; Chi® = 1.84, df = 4 (P = 0.77); 1 = 0%
Test for overall effect: Z = 0.34 (P = 0.73)
3.12.4 Reaction Time
Maerlender 2015 -1.3 l.46 13 -1.15 1.25% 15 25.6% -0.15 [-1.16, 0.86] -
Majerske 2008b 0.25 2.19 57 047 237 25 25.0% (.22 [-1.31, 0.87]
Majerske 2008c 0.48 2 26 047 2.37 26 243K 0.01 [-1.18, 1.20]
Majerske 2008d 3.03 171 9 047 2.37 27 22.5% 2.56[1.13, 3,59] -
= Thomas 2015 149 19 43 254 20.2 45 2.8% -10.70 [-18.89, -2.5]] =———
w Subtotal (95% CI) 148 138 100.0% 0.21 [-1.17, 1.59]
-: Heterogeneity: Tau® = 1.67; Chi* = 18.35, df = 4 (P = 0.001); I = 78%
‘-I Test for overall effect: Z = 0.29 (P = 0.77)
= 3.12.5 Impulse score
r Thomas 2015 —26 10 43 -56 1LE 45 100.0% 3.00 [-1.56, 7.56] —t
L4 Subtotal (95% CI) 43 45 100.0% 3.00 [-1.56, 7.56] -
UJ':I Heterogeneity: Not applicable
u Test for overall effect: Z =129 (P = 0.20)
- P— —t
= 1i 5 5 1a
< Activity Rest
-
-
3

Figure 3. Effect of exercise on change in the Immediate Post-Concussion Assessment and Cognitive Testing {ImPACT) score. /2,
heterogeneity; IV, inverse variance.

Lal et al. AJSM 2018;46(3):743-752




Concussions ?

Physiologic C .
: Migraine
(Dysautonomia)

Cervical / whiplash Vestibular/Ocular




The Concussion Solution

-$100B
-Tau
Quantify exposure -NF-L
- Player positions
Linear acceleration - Helmet types and helmet fit Acute Dx
- Open-field vs. interior line plays R 5
Frequency - Special teams vs. off/def plays Sl r:e st

CONCUSSION

Neurocognitive
function

Impact
Biomechanics

]
I Balance
|
-Rule Changes? I
Angular -Behavior modification? I _
acceleration -Helmet design changes? I Chronic effects
v (PCS, depression,
> Location Acute Tx MCI)
: -Omega 3-FA?
= -Hyperbarics?
- -Progesterone?
X
= -Curcumin
z
S -Resveratrol
& -Creatine

-Memantine |
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Future Research

functional MRI (fMRI) * heartrate
diffusion tensor imaging (DTI)  measure of exercise performance
magnetic resonance spectroscopy e fluid biomarkers
(MRS) e transcranial magnetic stimulation
cerebral blood flow (CBF) (TMS)
electrophysiologv / QEEG

“ Duke Clinical &Translational HeadHealthTECH

Science Institute CHALLENGES

TECH Challenge | Winners TECH Challenge Il Winners

VYAIEK == _
Ny =2 2NDSKULL
ENERGY ABSORBING MODULES PROTECTIVE SKULL CAP
~ !
GUARDIAN N
e~ windpact
SOFT SHELL COVER YOUTH HELMET PADDING SYSTEM

TECH Challenge IV Submissions Due January 10, 2018

TECH Challenge lll Winners To Be Announced February 2018 u

H#HEADHEALTHTECH




) EETTER LARORATORY PERFORMANCE

TOP-PERFORMING GROUP

VICIS Zorol (2018)

Schutt F7 LTD (208400}

Riddoll SpeedFlex Pracision Diamond (R411061=

Riddoll SpoadFlax Procision (R41166F

Schutt Atr XP Pro VTD II (789902)
hute Atr XP Pro VTD (789901)

Schutt Alx XP Pro Q11 (7887001

Riddell SpeedFlex 2019 (R41195)

Xonith Shadow 2018

Schurt F7 VTD (2088008

Xonith Epics

Schurt F7 (208000)

Xenith XZE+

Schutt Vengeance Pro LTD (2044001

Xenith Epic

Riddell Speed (41190}

Schutt Atr XP Pro Q10 VTD (7889101

Riddoll Rovolution IQ (R41159)

Schurt DNA Pros (202201)

Schutt Vangoance DCT (204001}

Schurt Vengsanca Z10 LTD (204200}

Riddoll Spood Icon (R41197)

Xonith X2E

Riddell Foundation (R41179)

Riddell Revolution Spead Classic (R41167)

Riddoll Spoad Classic Icon (R41198)

Schutt Vengeance VTD (204800}

Riddell SpeedFlex 2017 (R41195)

(<

Biomechanical studies vs
On Field Performance

Schutt Vongeance Z10 (204101}

NFL) NrLpA

2019 HELMET
LABORATORY
TESTING
PERFORMANCE
RESULTS

THENFL, IN COLLABORATION WITH THE
NFLPA, THROUGH THEIR RESPECTIVE
APPOINTED BIOMECHANICAL EXPERTS,
COORDINATED EXTENSIVE LABORATORY
RESEARCH TO EVALUATE WHICH
HELMETS BEST REDUCE HEAD IMPACT
SEVERITY. THE RESULTS OF THOSE
TESTS, WHICH ARE SUPPORTED BY
ON-FIELD PERFORMANCE, ARE SET
FORTH ON THIS POSTER.

The helmet models are listed in
order of their performance in the
laboratory testing, with a shorter
bar representing better
performance. The rankings are

based exclusively on the ability of
the helmet 1o reduce head impact

= severity measures in laboratory
w Schutt Vengeanes VID II (204801) testing. ISsues with helmet fir,
[ Schute Alr XP Pro Q10 (788500) retention, and long-term durability
[ are not addressed in these
e . =raaal) rankings. Helmets in the
Riddell Revolution (R41123) Top-Performing Group perform
well, with no statistical difference
I in performance from the three
- top-ranked helmets. The
ad B Information presentad here Is
- Rawlings Impulse Schutt AtrXP based solely upon the results of
™ Rawiings Impuise Scrutt AIrXP Pro this research and the expert
== Rawiings Tacnyon ‘Schutt Vengeance Z10 204100) opinions of the scientists involved
:::::: ‘;z:::‘ :‘:ﬂmw The laboratory test conditions
= were Intended to represent
D et potentially concussive head
= Impacts In the NFL. The results of
- this study should not be
extrapolated to collegiate, high
: school, or youth football

NECK INJURIES A PLAYER MIGHT SUSTAIN WHILE PARTICIPATING IN FOOTBALL.
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