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SRC: What’s All The Fuss About?

Tgh s TG+ Up to 3.8 million concussions
due to sport and recreation per
year

* Among most frequent injuries in
contact and collision sports

e More than just “bell rung”

e, * Serious acute effects that effect
TS THE SOE function

. 8 | « Urgency to “get back out there”
i  Concern about lasting effects
[l e Clinical challenges...




Not Just the Big Boys




How Long Does It Take to Recover?

Symptom Recovery Cognitive Recovery Postural Stability Recovery

80-90% Achieve Complete Recovery in 7-10 Z=a
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ik 75% of repeat concussions within first 7 days
- 92% of repeat concussions within first 10 days |

Asaessment Point Assessment Paint Asaessment Point
McCrea et al., JAMA 2003; 290:2556-2563
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How Far We've Come...
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Multimodal Assessment of Sport
Concussion

' SCAT3"

Sport Concussion Assessment Tool - 3rd Edition

For ute by medeca! professitnals only

SYMPTOM EVALUATION

How do you feel?

“You should score yoursslf on the following symptoms, based on how you feel now”™.

none mild moderate

o

Headache
“Pressure in head”
Neck Pain

Mausea or vomiting
Dizziness

Blurred vision
Balance problems
Sensitivity to light
Sensitivity to noise

Feeling slowed down
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Cognitive assessment

Standardized Assessment of Concussion (SAC)#

Orientation (1 point for each correct answer)
What month is it?

What is the date today?

What is the day of the week?

What year is it?

What time is it right now? {within 1 hour)

=) ) () )

Orientation score

.
lrammadiata mommree

Balance examination
Do cne or both of the following tests.

Footwear (shoes, barefoot, braces, tape, etc.)

Modified Balance Error Scoring System (BES5S) testing®

Which foot was tested (i.e. which is the nen-deminant foot) Left
Testing surface (hard floor, field, etc.)

Condition

Double leg stance:

Single leg stance (non-deminant foot):

Tandem stance (non-dominant foot at back):

of 5

Right

Errars
Errars

Errars



Current Questions In SRC:
Acute Effects & Recovery

PERIOD OF VULNERABILITY

Acute Effects and Recovery Time Following Kekacaindey s s s

Concussion in Collegiate Football Players
The NCAA Concussion Study

Giza & Hovda, 2010

Clinical Recovery: Physiological Recovery:
Why do individuals vary How long does it
In recovery? take for the brain to
recover?

Individual Variability:
Who is at risk for prolonged clinical and
physiological recovery?




What about Youth Athletes?

Which symptom assessments and approaches are
uniquely appropriate for paediatric concussion?

G A Gioia," J C Schneider,' C G Vaughan,' P K Isquith?

Pediatric Sport-Related Concussion: A Review of the
Clinical Management of an Oft-Neglected Population
Michael W. Kirkwood, PhD=k, Keith Owen Yeates, PhD=d, Pamela E. Wilson, MD=t

aDepartment of Physical Medicine and Rehabilitation, Children's Hospital, Denver, Colorade; PUniversity of Colorado Health Sciences Center, Denver, Colorado;
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Psychometric and Measurement Properties
of Concussion Assessment Tools in
Youth Sports

Tamara C. Valovich McLeod*; William B. Barr{; Michael McCreat;
Kevin M. Guskiewicz§
*Arizona School of Health Sciences, A.T. Still University, Mesa, AZ; tNew York University School of Medicine,
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Spurt Concussion Assessment Tool for childien ages 5 1012 years

s et perbenarab moh

s s gt 40 a3 oo v B e T 11

What s & concussion?
& s g i b o T

SIDELINE ASSESSMENT
Indications lnr Emergency Management

e

~El

Potentisl sigrs ul conassion?
iy of e b

e
Ay T of Lot W M
s P g™

[ I

L e b, sl ek el Sy, %

Do T e i) e e v |

Wi w comieuion sdb oy o e aboer

Sideline Assessment - child-Maddocks Score’

oo oo

aned b e iy



Box 2. Structural architecture of the developing brain

The human brain undergoes dramatic changes in both its structural
architecture and functional organization that reflect a dynamic inter-
play of simultaneously occurring progressive and regressive avents.
Although the total brain size is about 90% of adult size by age
B years, the brain continues to undergo dynamic changes throughout
adolescence and well inte young adulthood [61]. Figure | illustrates
some of these developmental changes, including proliferation and

migration of cells mostly during fetal developrment [62,63], regional
changes in synaptic density during postnatal development [11,12,64],
and protracted development of myelination well inte adulthood
|65). Current non-invasive neurocimaging methods do not have
the resolution to delineate which of thesa processes underlies
observed developmental changes beyond gray and white matter

subcomponents.

Developmental course of human brain development

Experience-dependent synapse formation

and dendritic arborization
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Casey et al. (2005) TRENDS in Cog Sci, 9(3).

Casey et al. (2000) Bio Psychol, 54, 241-257.
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Fig. 4. Coronal. sagittal, and axial views of brain activity for children and adults during performance of
a spatial working memory task.
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NCAA, PrSL, CPI Combined Dataset:
High School vs. College Recovery

405 High School, 216 Collegiate concussed athletes

Symptoms (GSC)
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Nelson, Guskiewicz, Barr, Hammeke, Randolph, Ahn, Wang, & McCrea (2016).

J Athl Train, 51(4).



PROJECT

HEADTOH EADJ:

SPORTS ARM

High School vs. College

Concussed vs. Control Group Effect Sizes (Cohen’s d) at 24-hours
165 concussed athletes, 166 controls
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Nelson, LaRoche, Pfaller, Lerner, Hammeke, Randolph, Barr, Guskiewicz, &
McCrea (2016) J Int Neuropsychol Soc, 22, 24-37.



PROJECT

HEADTOH EADJ:

SPORTS ARM

High School vs. College

Symptom Recovery and Clinical Management

14

12

10

Days

m High School

m College

Symptom Duration  Symptom-Free Time Lost From
Waiting Period Sport

Pfaller, Nelson, Apps, Walter, & McCrea (under review).



Changes in Clinical Management

1999-2004 2012-2014
sample* sample

Duration of symptom-free waiting 3.21 5.95
period (SFWP)
Days lost from sports participation 7.41 12.31
Symptom-Free Waiting Period
None 39.7% 1.4%
< 1day 14.8% 7.0%
> 1 day, < 7 days 30.9% 67.8%
> 7 days 14.6% 23.8%

*McCrea, Guskiewicz, Randolph, Barr, Hammeke, Marshall, & Kelly (2009).
Neurosurgery, 65, 876-883.



Injury Severity (symptoms, prolongec

Hypothesized Modifiers of
Recovery/Clinical Management

consciousness or amnesia)
Convulsions

Repeated injuries close In time
Younger Age

I\/Ilgralne hlstory psychiatric history, A

consensus sfateme .

Consensus Statement on Concussion in Sport:
The 4th International Conference on Concussion
in Sport, Zurich, November 2012

Paul McCrory, MBBS, PhD*; Willem H. Meeuwisse, MD, PhD{; Mark Aubry,

loss of

DHD
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Predictors of Recovery

Jowerrnad aof the Trebemational Neuropavohological Soctety (0130, 19, 22-33
l:‘nm. rigl'l D INS, Published h:. Cambridge Limiv :nil_'\_n. Press, 2002

Early symptom burden predicts recovery doi 10, 1017/5 135561771 2000872

after sport-related concussion

Incidence, Clinical Course, and Predictors of Prolonged
Recovery Time Following Sport-Related Concussion
ARSTRACY in High School and College Athletes
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Objective To identify predictors of prolonged symptoms in athletes who sustain concussions.

Study design This was a multicenter prospective cohort study of patients in 2 sport concussion clinics. Possible
predictors of prolonged symptoms from concussion were compared in 2 groups, those whose symptoms resolved
within 28 days and those whose symptoms persisted beyond 28 days. Candidate predictor varables were entered
into a logistic regression model that was used to generate aORs.

Results A total of 182 patients met the inclusion criteria during the study period. The mean patient age was
15.2 £ 3.04 years. More than one-third of the patients (n = 65) underwent computerized neurocognitive testing
on their imitial visit. On univardate analyses, Post-Concussion Symptom Scale (PCSS) score and all composite
scores on computerized neurocognitive testing were apparently associated with prolonged symptom duration.
Sex, age, loss of consciousness at time of injury, and amnesia at time of injury werne not associated with prolonged
symptom duration. After adjusting for potential confounding, only total PCSS score was associated with the odds of
suffering prolonged symptoms.

Conclusion Further efforts to develop clinical tools for predicting which athletes will suffer prolonged recoveries
after concussion should focus on intial symptom score. (J Pediatr 2013, 163:7217-5).

Nelson, Tarima, LaRoche, Hammeke, Barr, Guskiewicz, Randolph, & McCrea (in press). Neurology.
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