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How did we get here?
The Retired Athlete Studies

» 758 retired professional American football athletes
* 53.8 (13.4) years old
* 6.6 ( 3.6) years professional career
» At least one concussion - 61%
* Three or more concussions - 24%

« Significant association between multiple concussions and
« MCI
* Memory impairments (self-report)
» Depression

« When compared to non-concussed, those with 3+ have:
» 5x prevalence of MCI
» 3x prevalence of significant memory problems

e Earlier onset of Alzheimer’s disease in concussed retirees

Guskiewicz Neurosurgery 2005
Guskiewicz Med Sci Sport Exerc, 2007

@ NeuroTrauma
Research Laboratory



Concussions and Chronic
Traumatic Encephalopathy

« Two case studies of cerebral
autopsies of retired athletes

« With recurrent concussion history |
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Football is not the only culprit

Overall Concussion Rate
(per 10,000 AE)

Men's Wrestling

Men's Ice Hockey
Women's Ice Hockey
Men's Football
Women's Soccer
Women's Basketball
Women's Lacrosse
Women's Field Hockey
Men's Basketball
Women's Volleyball
Men's Soccer

Women's Softball
Men's Lacrosse
Women's Gymnastics
Women's Tennis

Men's Baseball

Men's Swim and Dive
Women's Outdoor Track
Men's Tennis

Women's Swim and Dive
Men's Indoor Track
Women's Cross Country
Men's Outdoor Track
Women's Indoor Track
Men's Cross-Country
Women's Total

Men's Total

Overall

Female athletes
+ Higher rates
» Longer recovery

~75% of military
concussions are
unrelated to
combat (cameron.s

Neuro Trauma, 2012)
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Zuckerman, AJSM 2015
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Cognitive function and concussion
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Processing Speed Index

Broglio, BrJ Spts Med, 2006
Funding: Kindig Research Award
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Electrophysiology and concussion

o

Concussions Concussions

1+

n 44 46
Age (Years) 19.41 + 1.28 | 20.04 + 1.17
Height (m) 1.72+ 0.09 1.76 + 0.07
Weight (kg) | 77.72 + 12.51 |80.84 + 12.42
Mean 3 1.65+ 0

Concussions 05+ 0.97
Time From

Last Injury -- 3.21 + 2.90

(yrs)

Tasks

e (Clinical assessment - ImnPACT

* Novelty Oddball Task with ERPs

Broglio, J Neurotrauma, 2009
Funding: MaryJane Neer Foundation _
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Electrophysiology and concussion
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No significant differences between groups (p>0.05)
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Electrophysiology and concussion
-expected picture
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Electrophysiology and concussion
-unexpected picture
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Balance and concussion

Sensory Organization Test Performance

100

¥ No Concussion

98 = } o H
O Previous Concussion

9

94

92

90

88 1

86 1

84

Composite Balance Score Visual Ratio Somatosensory Ratio Vestibular Ratio
«Previous concussion: n = 64 No concussion: n = 163
«1mTBI =53
«2mTBIs=6
«3mTBIs =4
4mTBIs=1
*Median 2.91yrs prior Sosnoff, J Athl Train,2011
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Balance and concussion
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Gait and concussion

Concussed Non-Concussed
(n=28) (n=40)

Male 17 20
Female 11 20
Age (yrs) 21.0 20.7
Height (cm) 173.6 169.2
Weight (kg) 78.1 72.0
Previous #
Concussion 2.0 --
Time from
Injury (yrs) 6.3 --
Tasks

¢ Gait(3.6m) with and
without .5m obstacles

«  Brooks Mental Task while 3 4
walking and seated

Martinietal, Arch Phys Med, 2 011
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Gait and concussion

Double Leg Stance Time (Percent)

No group differences:
35 « Gaitvelocity
20 » Steplength

, e Stridewidth

25 I { * I » Brooks task accuracy
o I

15

1

(0]

No Obstacle/No No Obstacle/Cognitive Obstacle/No Cognitive = Obstacle/Cognitive
Cognitive Task Task Task Task

o

(931

B No Concussion Concussion Hx

* Significant differences between groups (p<0.05)
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Summary

» Behavioral, cognitive, and neurological
deterioration reported in professional athletes
with concussion history

 Subtle physiological and motor performance
alterations observed in young adults with a
concussion history

« How do these subtle changes manifest with
age?
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The accelerated decline hypothesis

)
Q
=
<
=
=
=
) Threshold for clinically
= meaningful decline TSl
—— No Concussion History \~|:|

==tF= Concussion History

20-30 30-40 40-50 50-60 60-70 70-80
Age

Broglio, Ex Sport Sci Rev, 2012
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Motor and cognitive performance
across the lifespan

e Aim 1: Cognitive Function

— Hypothesis: Those with a concussion history will present poorer
cognitive function that will diverge from controls with age.

Aim 2: Gait Performance

— Hypothesis: Those with a concussion history will adopt a more
conservative gait strategy that will diverge from controls with age.

Slide courtesy of D Martini, unpublished, 2015
Funding: NATA-REF

@ NeuroTrauma
Research Laboratory



Motor and cognitive performance
across the lifespan

20 Year Olds 40 Year Olds 60 Year Olds
Control Concussed Control Concussed Control Concussed
(n=27) (n=19) (n =15) (n=4) (n =16) (n=9)
Sex
(% male) 44 47 47 75 44 88
23.41 20.26 45.13 47.25 63.50 63.75
A
ge (yrs) (8.09) (1.63) (3.38) (3.50) (3.52) (5.04)
. 171.94 173.19 171.33 180.98 169.62 174.94
Height
eight (cm) (8.94) (9.74) (11.67) (10.24) (10.02) (6.29)
. 68.59 68.74 79.80 94.69 78.35 78.36
Weight (K
eight (Kg) (11.94) (14.75) (11.14) (20.06) (14.17) (8.38)
Previous # 1.63 2.75 2.63
Concussions (0.68) (1.71) (1.92)
Time Since 5.64 23.71 49.49
(yrs) (3.20) (13.22) (5.53)

Mean(SD). No significant within age, concussion group differences (p’s > .05).

Slide courtesy of D Martini, unpublished, 2015
Funding: NATA-REF
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Cognitive function across the

lifespan

20 Year Olds

40 Year Olds

60 Year Olds

Control Concussed Control Concussed Control Concussed
(n =26) (n=19) (n = 15) (n=4) (n =13) (n=7)
. 97.97 96.04 97.07 97.45 98.26 96.54
P Speed
rocessing Spee (4.86) (8.22) (5.40) (6.55) (4.75) (4.66)
. 103.49 104.04 102.56 100.53 102.55 101.77
Attent
ention (4.63) (5.33) (4.40) (2.87) (2.57) (2.71)
. 103.18 104.52 106.16 101.53 103.95 105.99
L
carniig (7.19) (4.98) (7.91) (9.40) (7.58) (5.19)
Working Memory 101.75 100.42 99.49 04.38 96.10 97.16
Speed (5.90) (7.49) (4.34) (6.51) (3.46) (1.96)
Working Memory 106.16 102.74 106.38 97.48 102.78 108.86
Accuracy (7.55) (4.93) (8.74) (4.37) (11.17) (7.05)

Mean(SD). No significant within age, concussion group differences (p’s > .05).

Slide courtesy of D Martini, unpublished, 2015

Funding: NATA-REF
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Gait across the lifespan

Tasks

10m self-selected pace for:
1. Normal walk
2. Normal walk with Brooks task
3. Obstacle walk
4. Obstacle walk with Brooks task
5 trials per condition

8 7 6
1 2 5
3 4

Slide courtesy of D Martini, unpublished, 2015
Funding: NATA-REF
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Gait across the lifespan

No significant differences for:

« Velocity « Max ankle plantarflexion
« 3 Conditions  All conditions

* % time double stance - Max hip extension
» All conditions « 3 Conditions

 Stride width (m)
 All conditions

» Stride Length
 All conditions

When significant differences are present, they are inconsistent

Slide courtesy of D Martini, unpublished, 2015
Funding: NATA-REF
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Summary

 No differences in cognitive functioning between
concussed/non-concussed groups with age

« No meaningful differences in gait between
concussed/non-concussed groups with age

 No distinct pattern in fine motor control to
suggest a negative relationship between
concussion history and motor performance.
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The REVISED accelerated decline
hypothesis
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NCAA-DOD Grand Alllance CARE Consortium

Executive Committee
Rauch (DoD), Hack & Hainline (NCAA), Koroshetz (NIH)

Scientific Advisory Pan Consortium Operating Committee
c Anderson, Broglio (co-Chair), Clugston, Duma, Giza, Guskiewicz,
McAllister (co-Chair), McCrea (co-Chair), McGinty, Putukian The Plan
Longitudinal Clinical Study Administrative Advanced Research ¢ 3 Years
Coordinating Center: Coordinating Center: Coordinating Center: . 30 SChOOlS
U of Michigan Indiana U School of Medicine Medical College of Wisconsin
Broglio (coP) McAllister (coP) McCrea (coPi) * 30,000 Athletes & Cadets
Longitudinal Clinical Study | # Advanced Research Core
Core (CSC) (ARC)
To Date
Humboldt State
U Oklah: U Del S
BCT2) (Coloniah (Calfoma * 16 months completed
Anderson Buckley & Kaminski "o“;g::e) S h 1
s 21 SChOools
UEillisgg | LS Al Force US Naval Academy LS coanicuad California Lutheran
Acade Acad Academy el Lhere ~
U oot (Mountain West tineponde) (New England) Goubel cdlitorio) ¢ 14,000 Athletes & Cadets
Svoboda McGinty & Campbell O'Donnell . 3 9 8 Concussi ons
U Georgia U Florida ’ Virginia Tech Y "°"(';\'(.fg’°“"’ U Pittsburgh Azusa Pacific
(SEC) (SEC) (ACC) L T (ACC) (Pacific West)
Schmidt Clugston Duma & Rowson Mihalik Kontos & Collins Hoy
Indiana U U Michigan ‘ U Wisconsin Princeton ‘ UCLA Washington U Rochester
(BIG10) (BIG10) (BIG10) (Ivy) (PAC12) (PAC12) (University)
Hipskind Eckner Brooks Putukian Giza & DiFiori Chrisman Bazarian

Funding by : National Collegiate Athletic Association
& Department of Defense
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Thank You

Funders Colleagues
* NCAA-DoD: Grand Alliance — Concussion * University of Michigan
Assessment, Research and Education «  Faculty: James Eckner, MS MD and Jeffery
Consortium Kutcher, MD
* NIH‘NINDS (11.{151\.18081691): Change in «  Staff: Rick Bancroft, Melissa Pohorence,
brain function in high school football Ashley Rettmann
athletes .
* Graduate Students: Margaret Dowling;
U Michigan InJUI:Y Center/Office of . Michelle Galdys; Andrew LaPointe, M'S;
Research: Chronic effects of concussion on Kate O'Connor- Richelle Williams. MSATC
drivin ’ ’
I * Undergraduates: Tony McKeiver, Rebecca
* NATA-REF: Long-term effects of Sigourney
neurocognitive functioning and motor _ N
control + Indiana University

« Michigan Injury Center: The Effect of * Tom McAllister, MD

Transcranial Magnetic Stimulation on
Neural Plasticity in Young Adults with a
Concussion History

Medical College of Wisconsin
*  MikeMcCrea, PhD

» NCAA: National Sport Concussion
Outcomes Study

O e o roglioPD ATC o NeuroTrauma
7347649669 Research Laboratory

broglio@umich.edu




