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The Concussion Epidemic
• CDC calls concussion a “Silent epidemic”
• Collaboration with
• ED and office visits in Ontario 2003-13

Zemek, et al. Journal of Pediatrics, 2016



The Questions Parents Ask

1) When will my child be better?

2) When will my child be able to return to sport? 



Novak et al. JAMA Pediatrics, 2016

Copyright 2016 American Medical Association. All rights reserved.

Results of our study are consistent with those of smaller
studies reporting decrements in the HRQoL of children fol-
lowing concussion. Moran et al13 concluded that higher ini-
tial symptom burden puts patients at risk for lasting declines
in HRQoL and thus suggest that PPCS may be a target for im-
proving HRQoL. Furthermore, Ransom et al24 determined that
symptomatic children and their parents report greater diffi-
culties at school after concussion than their nonsymptomatic
counterparts. Similarly, children who were no longer symp-
tomatic after concussion also had school difficulties, with
nearly half reporting diminished academic skills and trouble
in at least 1 class during their recovery. These results are sup-
ported by our findings, which established that even asymp-
tomatic children reported lower PedsQL-4.0 school function-
ing compared with healthy norms for at least 12 weeks after
head injury. Our results indicate that school functioning is the
last domain of HRQoL to resolve in both children with PPCS
and those with concussion but without PPCS.

There are several hypotheses for the delayed effect of
concussion on school functioning in children with PPCS and
those without PPCS. First, our results may reflect a direct
cognitive effect of concussion on pediatric HRQoL. A second
hypothesis involves an epiphenomenon of the injury situa-
tion. As a student recovers from a concussion, schoolwork
begins to accumulate, which may be stressful for certain
children. After the student has largely recovered, completing
the accumulated work takes time, and some children still
feel this stress when no other symptoms are present. There-
fore, their school HRQoL reports may reflect the effect of
this stress. Third, our baseline school measure did not differ-
entiate between quality of school functioning before and
after the concussion. Therefore, it is possible that reports of
school difficulties may be associated with those already
present before the concussion.

Comparing our findings with those of other studies
reporting on HRQoL among children with chronic illness

Table 2. Total and Subscale Mean Differences on the PedsQL-4.0 From 4 to 12 Weeks Between the Groups With and Without PPCS

Week

Mean Difference (95% CI)a

Total Physical Emotional Social School
4 10.3 (9.4-11.2) 12.6 (11.6-13.7) 12.1 (10.6-13.5) 6.2 (5.1-7.3) 11.8 (10.3-13.3)

8 8.9 (8.2-9.6) 10.5 (9.7-11.3) 11.7 (10.6-12.8) 5.1 (4.3-5.9) 11.2 (10.0-12.4)

12 7.4 (6.5-8.4) 8.3 (7.2-9.4) 11.4 (9.8-12.9) 4.0 (2.8-5.2) 10.6 (8.9-12.3)

Abbreviations: PedsQL-4.0, Pediatric Quality of Life Inventory Version 4.0;
PPCS, persistent postconcussion symptoms.
a The minimal clinically meaningful difference for total and subscale score point

change are as follows: total score (parent, 4.50; child, 4.36), physical (parent,
6.66; child, 6.92), emotional (parent, 8.94; child, 7.79), social (parent, 8.36;
child, 8.98), and school (parent, 9.12; child, 9.67).23

Figure 2. Pediatric Quality of Life Inventory Version 4.0 (PedsQL-4.0) Subscale Scores Between Children
With and Without Persistent Postconcussion Symptoms (PPCS)

90

80

100

70

60

50

Pe
ds

QL
-4

.0
 P

hy
sic

al
Fu

nc
tio

ni
ng

 S
co

re
Physical functioningA

Initial Presentation to Emergency Department, wk
4

b

c

8

b

c

12

b

c

100

90

80

70

60

50

Pe
ds

QL
-4

.0
 E

m
ot

io
na

l
Fu

nc
tio

ni
ng

 S
co

re

Emotional functioningB

Initial Presentation to Emergency Department, wk
4

b

c

8

b

c

12

b

c

100

90

80

70

60

50

Pe
ds

QL
-4

.0
 S

oc
ia

l
Fu

nc
tio

ni
ng

 S
co

re

Social functioningC

Initial Presentation to Emergency Department, wk
4

c

b

8 12

100

90

80

70

60

50

Pe
ds

QL
-4

.0
 S

ch
oo

l
Fu

nc
tio

ni
ng

 S
co

re

School functioningD

Initial Presentation to Emergency Department, wk
4

a

b

c

8

c

b

a

12

c

b

a

No PPCS
PPCS

b
b

A, Physical functioning subcale.
B, Emotional functioning subcale.
C, Social functioning subcale.
D, School functioning subcale. Points
represent estimated marginal means
from random coefficients model.
Error bars represent SE of the
estimated marginal mean. Dashed
line represents the PedsQL-4.0 mean
total score for healthy children.23

aIndicates a significant difference
between the group without PPCS and
healthy norms described
in Varni et al23 (P < .05).
bIndicates a significant difference
between the groups with and without
PPCS (P < .05).
cIndicates a significant difference
between the group with PPCS and
healthy norms (P < .05).
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Results of our study are consistent with those of smaller
studies reporting decrements in the HRQoL of children fol-
lowing concussion. Moran et al13 concluded that higher ini-
tial symptom burden puts patients at risk for lasting declines
in HRQoL and thus suggest that PPCS may be a target for im-
proving HRQoL. Furthermore, Ransom et al24 determined that
symptomatic children and their parents report greater diffi-
culties at school after concussion than their nonsymptomatic
counterparts. Similarly, children who were no longer symp-
tomatic after concussion also had school difficulties, with
nearly half reporting diminished academic skills and trouble
in at least 1 class during their recovery. These results are sup-
ported by our findings, which established that even asymp-
tomatic children reported lower PedsQL-4.0 school function-
ing compared with healthy norms for at least 12 weeks after
head injury. Our results indicate that school functioning is the
last domain of HRQoL to resolve in both children with PPCS
and those with concussion but without PPCS.

There are several hypotheses for the delayed effect of
concussion on school functioning in children with PPCS and
those without PPCS. First, our results may reflect a direct
cognitive effect of concussion on pediatric HRQoL. A second
hypothesis involves an epiphenomenon of the injury situa-
tion. As a student recovers from a concussion, schoolwork
begins to accumulate, which may be stressful for certain
children. After the student has largely recovered, completing
the accumulated work takes time, and some children still
feel this stress when no other symptoms are present. There-
fore, their school HRQoL reports may reflect the effect of
this stress. Third, our baseline school measure did not differ-
entiate between quality of school functioning before and
after the concussion. Therefore, it is possible that reports of
school difficulties may be associated with those already
present before the concussion.

Comparing our findings with those of other studies
reporting on HRQoL among children with chronic illness

Table 2. Total and Subscale Mean Differences on the PedsQL-4.0 From 4 to 12 Weeks Between the Groups With and Without PPCS

Week

Mean Difference (95% CI)a

Total Physical Emotional Social School
4 10.3 (9.4-11.2) 12.6 (11.6-13.7) 12.1 (10.6-13.5) 6.2 (5.1-7.3) 11.8 (10.3-13.3)

8 8.9 (8.2-9.6) 10.5 (9.7-11.3) 11.7 (10.6-12.8) 5.1 (4.3-5.9) 11.2 (10.0-12.4)

12 7.4 (6.5-8.4) 8.3 (7.2-9.4) 11.4 (9.8-12.9) 4.0 (2.8-5.2) 10.6 (8.9-12.3)

Abbreviations: PedsQL-4.0, Pediatric Quality of Life Inventory Version 4.0;
PPCS, persistent postconcussion symptoms.
a The minimal clinically meaningful difference for total and subscale score point

change are as follows: total score (parent, 4.50; child, 4.36), physical (parent,
6.66; child, 6.92), emotional (parent, 8.94; child, 7.79), social (parent, 8.36;
child, 8.98), and school (parent, 9.12; child, 9.67).23

Figure 2. Pediatric Quality of Life Inventory Version 4.0 (PedsQL-4.0) Subscale Scores Between Children
With and Without Persistent Postconcussion Symptoms (PPCS)
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aIndicates a significant difference
between the group without PPCS and
healthy norms described
in Varni et al23 (P < .05).
bIndicates a significant difference
between the groups with and without
PPCS (P < .05).
cIndicates a significant difference
between the group with PPCS and
healthy norms (P < .05).
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Results of our study are consistent with those of smaller
studies reporting decrements in the HRQoL of children fol-
lowing concussion. Moran et al13 concluded that higher ini-
tial symptom burden puts patients at risk for lasting declines
in HRQoL and thus suggest that PPCS may be a target for im-
proving HRQoL. Furthermore, Ransom et al24 determined that
symptomatic children and their parents report greater diffi-
culties at school after concussion than their nonsymptomatic
counterparts. Similarly, children who were no longer symp-
tomatic after concussion also had school difficulties, with
nearly half reporting diminished academic skills and trouble
in at least 1 class during their recovery. These results are sup-
ported by our findings, which established that even asymp-
tomatic children reported lower PedsQL-4.0 school function-
ing compared with healthy norms for at least 12 weeks after
head injury. Our results indicate that school functioning is the
last domain of HRQoL to resolve in both children with PPCS
and those with concussion but without PPCS.

There are several hypotheses for the delayed effect of
concussion on school functioning in children with PPCS and
those without PPCS. First, our results may reflect a direct
cognitive effect of concussion on pediatric HRQoL. A second
hypothesis involves an epiphenomenon of the injury situa-
tion. As a student recovers from a concussion, schoolwork
begins to accumulate, which may be stressful for certain
children. After the student has largely recovered, completing
the accumulated work takes time, and some children still
feel this stress when no other symptoms are present. There-
fore, their school HRQoL reports may reflect the effect of
this stress. Third, our baseline school measure did not differ-
entiate between quality of school functioning before and
after the concussion. Therefore, it is possible that reports of
school difficulties may be associated with those already
present before the concussion.

Comparing our findings with those of other studies
reporting on HRQoL among children with chronic illness

Table 2. Total and Subscale Mean Differences on the PedsQL-4.0 From 4 to 12 Weeks Between the Groups With and Without PPCS

Week

Mean Difference (95% CI)a

Total Physical Emotional Social School
4 10.3 (9.4-11.2) 12.6 (11.6-13.7) 12.1 (10.6-13.5) 6.2 (5.1-7.3) 11.8 (10.3-13.3)

8 8.9 (8.2-9.6) 10.5 (9.7-11.3) 11.7 (10.6-12.8) 5.1 (4.3-5.9) 11.2 (10.0-12.4)

12 7.4 (6.5-8.4) 8.3 (7.2-9.4) 11.4 (9.8-12.9) 4.0 (2.8-5.2) 10.6 (8.9-12.3)

Abbreviations: PedsQL-4.0, Pediatric Quality of Life Inventory Version 4.0;
PPCS, persistent postconcussion symptoms.
a The minimal clinically meaningful difference for total and subscale score point

change are as follows: total score (parent, 4.50; child, 4.36), physical (parent,
6.66; child, 6.92), emotional (parent, 8.94; child, 7.79), social (parent, 8.36;
child, 8.98), and school (parent, 9.12; child, 9.67).23

Figure 2. Pediatric Quality of Life Inventory Version 4.0 (PedsQL-4.0) Subscale Scores Between Children
With and Without Persistent Postconcussion Symptoms (PPCS)
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aIndicates a significant difference
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cIndicates a significant difference
between the group with PPCS and
healthy norms (P < .05).
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Results of our study are consistent with those of smaller
studies reporting decrements in the HRQoL of children fol-
lowing concussion. Moran et al13 concluded that higher ini-
tial symptom burden puts patients at risk for lasting declines
in HRQoL and thus suggest that PPCS may be a target for im-
proving HRQoL. Furthermore, Ransom et al24 determined that
symptomatic children and their parents report greater diffi-
culties at school after concussion than their nonsymptomatic
counterparts. Similarly, children who were no longer symp-
tomatic after concussion also had school difficulties, with
nearly half reporting diminished academic skills and trouble
in at least 1 class during their recovery. These results are sup-
ported by our findings, which established that even asymp-
tomatic children reported lower PedsQL-4.0 school function-
ing compared with healthy norms for at least 12 weeks after
head injury. Our results indicate that school functioning is the
last domain of HRQoL to resolve in both children with PPCS
and those with concussion but without PPCS.

There are several hypotheses for the delayed effect of
concussion on school functioning in children with PPCS and
those without PPCS. First, our results may reflect a direct
cognitive effect of concussion on pediatric HRQoL. A second
hypothesis involves an epiphenomenon of the injury situa-
tion. As a student recovers from a concussion, schoolwork
begins to accumulate, which may be stressful for certain
children. After the student has largely recovered, completing
the accumulated work takes time, and some children still
feel this stress when no other symptoms are present. There-
fore, their school HRQoL reports may reflect the effect of
this stress. Third, our baseline school measure did not differ-
entiate between quality of school functioning before and
after the concussion. Therefore, it is possible that reports of
school difficulties may be associated with those already
present before the concussion.

Comparing our findings with those of other studies
reporting on HRQoL among children with chronic illness

Table 2. Total and Subscale Mean Differences on the PedsQL-4.0 From 4 to 12 Weeks Between the Groups With and Without PPCS

Week

Mean Difference (95% CI)a

Total Physical Emotional Social School
4 10.3 (9.4-11.2) 12.6 (11.6-13.7) 12.1 (10.6-13.5) 6.2 (5.1-7.3) 11.8 (10.3-13.3)

8 8.9 (8.2-9.6) 10.5 (9.7-11.3) 11.7 (10.6-12.8) 5.1 (4.3-5.9) 11.2 (10.0-12.4)

12 7.4 (6.5-8.4) 8.3 (7.2-9.4) 11.4 (9.8-12.9) 4.0 (2.8-5.2) 10.6 (8.9-12.3)

Abbreviations: PedsQL-4.0, Pediatric Quality of Life Inventory Version 4.0;
PPCS, persistent postconcussion symptoms.
a The minimal clinically meaningful difference for total and subscale score point

change are as follows: total score (parent, 4.50; child, 4.36), physical (parent,
6.66; child, 6.92), emotional (parent, 8.94; child, 7.79), social (parent, 8.36;
child, 8.98), and school (parent, 9.12; child, 9.67).23

Figure 2. Pediatric Quality of Life Inventory Version 4.0 (PedsQL-4.0) Subscale Scores Between Children
With and Without Persistent Postconcussion Symptoms (PPCS)
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aIndicates a significant difference
between the group without PPCS and
healthy norms described
in Varni et al23 (P < .05).
bIndicates a significant difference
between the groups with and without
PPCS (P < .05).
cIndicates a significant difference
between the group with PPCS and
healthy norms (P < .05).
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Why try to predict PPCS?

• Realistic anticipatory guidance 
• Improved adherence to guidelines 
• Target those at risk for specialized treatments
– Follow-up with interdisciplinary concussion team
–Medications or other novel interventions



Goal: to derive a clinical prediction rule for PPCS of 
clinically available factors in children presenting to 

the ED following concussion.
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Met PPCS criteria

Week 1 956/1716 (56%)

Week 2 697/1707 (41%)

Week 4 510/1701 (30%)

Week 8 382/1606 (24%)

Week 12 306/1573 (20%)

PCS Incidence (Derivation)



Risk Factor Categories Points
Age Group 5 to 7

8 to 12
13 to 18

0
1
2

Sex Male
Female

0
2

Longest Symptom Duration No Prior or <1 week
1+ week

0
1

Personal History of Migraine No
Yes

0
1

Answers Questions Slowly No
Yes

0
1

Tandem Stance 0-3
4+, or unable to do test

0
1

Headache No
Yes

0
1

Sensitivity to Noise No
Yes

0
1

Fatigue No
Yes

0
2
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Clinical Risk Score for Persistent Postconcussion Symptoms
Among Children With Acute Concussion in the ED
Roger Zemek, MD; Nick Barrowman, PhD; Stephen B. Freedman, MDCM, MSc; Jocelyn Gravel, MD; Isabelle Gagnon, PhD; Candice McGahern, BA;
Mary Aglipay, MSc; Gurinder Sangha, MD; Kathy Boutis, MD; Darcy Beer, MD; William Craig, MDCM; Emma Burns, MD; Ken J. Farion, MD;
Angelo Mikrogianakis, MD; Karen Barlow, MD; Alexander S. Dubrovsky, MDCM, MSc; Willem Meeuwisse, MD, PhD; Gerard Gioia, PhD;
William P. Meehan III, MD; Miriam H. Beauchamp, PhD; Yael Kamil, BSc; Anne M. Grool, MD, PhD, MSc; Blaine Hoshizaki, PhD; Peter Anderson, PhD;
Brian L. Brooks, PhD; Keith Owen Yeates, PhD; Michael Vassilyadi, MDCM, MSc; Terry Klassen, MD; Michelle Keightley, PhD; Lawrence Richer, MD;
Carol DeMatteo, MSc; Martin H. Osmond, MDCM; for the Pediatric Emergency Research Canada (PERC) Concussion Team

IMPORTANCE Approximately one-third of children experiencing acute concussion experience
ongoing somatic, cognitive, and psychological or behavioral symptoms, referred to as
persistent postconcussion symptoms (PPCS). However, validated and pragmatic tools
enabling clinicians to identify patients at risk for PPCS do not exist.

OBJECTIVE To derive and validate a clinical risk score for PPCS among children presenting to
the emergency department.

DESIGN, SETTING, AND PARTICIPANTS Prospective, multicenter cohort study (Predicting and
Preventing Postconcussive Problems in Pediatrics [5P]) enrolled young patients (aged 5-<18
years) who presented within 48 hours of an acute head injury at 1 of 9 pediatric emergency
departments within the Pediatric Emergency Research Canada (PERC) network from August
2013 through September 2014 (derivation cohort) and from October 2014 through June 2015
(validation cohort). Participants completed follow-up 28 days after the injury.

EXPOSURES All eligible patients had concussions consistent with the Zurich consensus
diagnostic criteria.

MAIN OUTCOMES AND MEASURES The primary outcome was PPCS risk score at 28 days,
which was defined as 3 or more new or worsening symptoms using the patient-reported
Postconcussion Symptom Inventory compared with recalled state of being prior to the injury.

RESULTS In total, 3063 patients (median age, 12.0 years [interquartile range, 9.2-14.6 years];
1205 [39.3%] girls) were enrolled (n = 2006 in the derivation cohort; n = 1057 in the
validation cohort) and 2584 of whom (n = 1701 [85%] in the derivation cohort; n = 883
[84%] in the validation cohort) completed follow-up at 28 days after the injury. Persistent
postconcussion symptoms were present in 801 patients (31.0%) (n = 510 [30.0%] in the
derivation cohort and n = 291 [33.0%] in the validation cohort). The 12-point PPCS risk score
model for the derivation cohort included the variables of female sex, age of 13 years or older,
physician-diagnosed migraine history, prior concussion with symptoms lasting longer than
1 week, headache, sensitivity to noise, fatigue, answering questions slowly, and 4 or more
errors on the Balance Error Scoring System tandem stance. The area under the curve was
0.71 (95% CI, 0.69-0.74) for the derivation cohort and 0.68 (95% CI, 0.65-0.72) for the
validation cohort.

CONCLUSIONS AND RELEVANCE A clinical risk score developed among children presenting to
the emergency department with concussion and head injury within the previous 48 hours
had modest discrimination to stratify PPCS risk at 28 days. Before this score is adopted in
clinical practice, further research is needed for external validation, assessment of accuracy in
an office setting, and determination of clinical utility.

JAMA. 2016;315(10):1014-1025. doi:10.1001/jama.2016.1203
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Natural Progression

Natural Progression of Symptom Change
and Recovery From Concussion in a Pediatric Population
Andrée-Anne Ledoux, PhD; Ken Tang, PhD; Keith O. Yeates, PhD; Martin V. Pusic, MD, PhD; Kathy Boutis, MD; William R. Craig, MDCM, MSc;
Jocelyn Gravel, MD; Stephen B. Freedman, MDCM, MSc; Isabelle Gagnon, PhD; Gerard A. Gioia, PhD; Martin H. Osmond, MDCM; Roger L. Zemek, MD;
for the Pediatric Emergency Research Canada (PERC) Concussion Team

IMPORTANCE The natural progression of symptom change and recovery remains poorly
defined in children after concussion.

OBJECTIVES To describe the natural progression of symptom change by age group (5-7, 8-12,
and 13-18 years) and sex, as well as to develop centile curves to inform families about children
after injury recovery.

DESIGN, SETTING, AND PARTICIPANTS Planned secondary analysis of a prospective
multicenter cohort study (Predicting Persistent Postconcussive Problems in Pediatrics).
The setting was 9 pediatric emergency departments within the Pediatric Emergency
Research Canada (PERC) network. Participants were aged 5 to 18 years with acute
concussion, enrolled from August 1, 2013, to May 31, 2015, and data analyses were performed
between January 2018 and March 2018.

EXPOSURES Participants had a concussion consistent with the Zurich Consensus Statement
on Concussion in Sport diagnostic criteria and 85% completeness of the Postconcussion
Symptom Inventory (PCSI) at each time point.

MAIN OUTCOMES AND MEASURES The primary outcome was symptom change, defined as
current rating minus preinjury rating (delta score), at presentation and 1, 2, 4, 8, and 12 weeks
after injury, measured using the PCSI. Symptoms were self-rated for ages 8 to 18 years and
rated by the child and parent for ages 5 to 7 years. The secondary outcome was recovery,
defined as no change in symptoms relative to current preinjury PCSI ratings (delta score = 0).
Mixed-effects models incorporated the total score, adjusting for random effects (site and
participant variability), fixed-effects indicators (age, sex, time, age by time interaction, and
sex by time interaction), and variables associated with recovery. Recovery centile curves by
age and sex were computed.

RESULTS A total of 3063 children (median age, 12.0 years [interquartile range, 9.2-14.6
years]; 60.7% male) completed the primary outcome; 2716 were included in the primary
outcome analysis. For the group aged 5 to 7 years, symptom change primarily occurred the
first week after injury; by 2 weeks, 75.6% of symptoms had improved (PCSI change between
0 and 2 weeks, −5.3; 95% CI, −5.5 to −5.0). For the groups aged 8 to 12 years and 13 to 18
years, symptom change was prominent the first 2 weeks but flattened between 2 and 4
weeks. By 4 weeks, 83.6% and 86.2% of symptoms, respectively, had improved for the
groups aged 8 to 12 years (PCSI change between 0 and 4 weeks, −9.0; 95% CI, −9.6 to −8.4)
and 13 to 18 years (PCSI change between 0 and 4 weeks, −28.6; 95% CI, −30.8 to −26.3).
Sex by time interaction was significant only for the adolescent group (β = 0.32; 95% CI,
0.21-0.43; P < .001). Most adolescent girls had not recovered by week 12.

CONCLUSIONS AND RELEVANCE Symptom improvement primarily occurs in the first 2 weeks
after concussion in children and in the first 4 weeks after concussion in preadolescents and
male adolescents. Female adolescents appear to have protracted recovery. The derived
recovery curves may be useful for evidence-based anticipatory guidance.

JAMA Pediatr. 2019;173(1):e183820. doi:10.1001/jamapediatrics.2018.3820
Published online November 5, 2018.
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• Symptom improvement in first 2 weeks post-injury (children)
• Preadolescents and male adolescents in in the first 4 weeks 
• Female adolescents have protracted recovery
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tween the first and second weeks for younger children and be-
tween the second and fourth weeks for older children and ado-
lescent boys. Adolescent girls had a protracted symptom change
trajectory; symptom improvement occurred predominantly in
the first 4 weeks and plateaued between weeks 4 and 8, with less
than half of them reaching full recovery by 12 weeks after injury.

Consistent with the literature, younger age is not associ-
ated with protracted recovery,9,29 whereas adolescence is a risk
factor for longer recovery trajectories.5,18,28 Given that par-
ents may have helped younger children complete the PCSI,
faster symptom improvement herein might be explained by
differential symptom perception by parents. Current guide-
lines indicate that the expected symptom duration for pedi-

atric concussion (age range, 5-18 years of age), with identifi-
cation of prolonged symptoms, is 4 weeks.5,6 We observed that
expected symptom change trajectories varied across devel-
opmental age groups and for older adolescents by sex. Based
on the rate of symptom change over time, our results sug-
gested that those at risk of prolonged symptoms can be iden-
tified at 2 weeks for younger children, at 4 weeks for older
children and male adolescents, and at 4 weeks for female ado-
lescents (despite protracted recovery).

Our findings are consistent with the literature acknowl-
edging female sex as an apparent modifier of prolonged
recovery.10,14,16-18 In our study, girls across age groups were
more symptomatic than boys, and adolescent girls’ symptom

Figure 1. Association of Sex and Continuous Age With Symptom Change Score Over Time (Measured in Weeks After Emergency Department Visit)

10

8

6

4

2

0

12

10

8

6

4

2

0

35

30

25

20

15

10

5

0

Pr
ed

ic
te

d 
PC

SI
 D

el
ta

 S
co

re

Time, wk

SexA

1211109876543210

Male
Female

25th Age quantile
75th Age quantile

5-7 y

10

8

6

4

2

0

Pr
ed

ic
te

d 
PC

SI
 D

el
ta

 S
co

re

Time, wk

Continuous ageB

1211109876543210

5-7 y

Pr
ed

ic
te

d 
PC

SI
 D

el
ta

 S
co

re
Pr

ed
ic

te
d 

PC
SI

 D
el

ta
 S

co
re

Time, wk
1211109876543210

Time, wk
1211109876543210

8-12 y

12

10

8

6

4

2

0

8-12 y

Pr
ed

ic
te

d 
PC

SI
 D

el
ta

 S
co

re

Time, wk
1211109876543210

13-18 y

35

30

25

20

15

10

5

0

Pr
ed

ic
te

d 
PC

SI
 D

el
ta

 S
co

re

Time, wk
1211109876543210

13-18 y

The symptom change score is the Postconcussion Symptom Inventory (PCSI)
delta score over time. The shaded areas represent the 95% CIs. A, The curves
are the predicted trajectory of 1 girl and 1 boy, adjusting for the mean or mode of
all other covariates, with age fixed to its median for all age groups. B, The curves
reflect the predicted trajectory, contrasting a patient at the 75th quantile with a
patient at the 25th quantile at the various time points, while all other covariates
are constant, with sex fixed to its mode value of male. Covariates are personal
migraine history, previous concussions with symptoms lasting longer than 1

week, learning disability, attention-deficit/hyperactivity disorder, anxiety,
depression, sleep disorders, loss of consciousness and duration, cognitive
scores from the Child Sports Concussion Assessment Tool version 3 (Child
SCAT3) (immediate and delayed memory, concentration), Balance Error Scoring
System (BESS) tandem stance, and baseline subscale symptom scores (parent
reported). For the group aged 5 to 7 years, the depression variable (no
participants had prior depression diagnosis) and the BESS tandem stance (not
validated in that age group) were not added as predictors.
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Figure 2. Unadjusted Recovery Centile Curves at Different Time Points, Stratified by Age Group and Sex
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The curves show the range of scores to be expected in a cohort followed up over time. To enhance clarity, the 95% CIs are omitted from the graphs. PCSI indicates
Postconcussion Symptom Inventory.

Table 3. Comparing the Rate of Recovery Between Girls and Boys for the Group Aged 13 to 18 Yearsa

Time,
wk

Girls 13-18 y Boys 13-18 y

PCSI Change
Difference,
Girls Minus Boysb

PCSI Change
(95% CI)

PCSI
Change,
%

Symptom
Change,
%

PCSI Change
(95% CI) per Week

PCSI Change
(95% CI)

PCSI
Change,
%

Symptom
Change,
%

PCSI Change
(95% CI) per Week

0-1 −16.1 (−17.8
to −14.3)

−13.4 46.0 −16.1 (−17.8
to −14.3)

−21.0 (−22.6
to −19.4)

−17.5 66.1 −21.0 (−22.6
to −19.4)

4.9 (2.9 to 6.9)

1-2 −6.9 (−7.7 to −6.0) −5.7 19.7 −6.9 (−7.7 to −6.0) −5.1 (−5.9 to −4.3) −4.2 16.1 −5.1 (−5.9 to −4.3) −1.8 (−2.6 to −0.9)

2-4 −5.0 (−5.8 to −4.1) −4.1 14.3 −2.5 (−2.9 to −2.1) −3.1 (−3.8 to −2.3) −2.6 9.7 −1.5 (−1.9 to −1.1) −1.9 (−2.7 to −1.1)

4-8 −2.6 (−3.1 to −2.1) −2.2 7.5 −0.7 (−0.8 to −0.5) −1.4 (−1.9 to −0.9) −1.2 4.4 −0.4 (−0.5 to −0.2) −1.2 (−1.7 to −0.7)

8-12 −0.8 (−0.9 to −0.6) −0.6 2.2 −0.2 (−0.2 to −0.2) −0.4 (−0.5 to −0.2) −0.3 1.2 −0.1 (−0.1 to −0.1) −0.4 (−0.6 to −0.2)

0-12 −31.3 (−33.5
to −29.1)

−26.1 89.6 −2.6 (−2.8 to −2.4) −30.9 (−33.0
to −28.9)

−25.8 97.4 −2.6 (−2.8 to −2.4) NA

Abbreviations: NA, not applicable; PCSI, Postconcussion Symptom Inventory.
a The PCSI change is the predicted estimated change of the PCSI delta score

(current symptoms minus the preinjury symptom score) between specific
time points based on the predicted PCSI delta score of 1 individual per age
group, adjusting to the mean or mode of all other covariates. The predicted

PCSI score is representative of the mean predicted PCSI delta score (34.89 for
girls and 31.73 for boys). The PCSI change (%) is the PCSI change divided by
the total score range. The symptom change (%) is the PCSI change divided by
the predicted PCSI delta score baseline value.

b P < .001 for all.
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The Questions Parents 
Are Sure To Ask

1) When will my child be better?

2) When will my child be able to return to 
physical activities? 



What happens now?

We can and need to do better!



Early Physical Activity

• Early return to physical activity was associated 
with reduced PPCS (29% vs. 40%)

• Most children non-compliant with current 
physical activity/rest recommendations

• RCTs urgently needed to confirm 
findings and determine optimal timing, 
duration and intensity

Grool, et al. JAMA, 2016
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Association Between Early Participation in Physical Activity
Following Acute Concussion and Persistent Postconcussive
Symptoms in Children and Adolescents
Anne M. Grool, MD, PhD; Mary Aglipay, MSc; Franco Momoli, PhD; William P. Meehan III, MD; Stephen B. Freedman, MDCM, MSc;
Keith Owen Yeates, PhD; Jocelyn Gravel, MD; Isabelle Gagnon, PhD; Kathy Boutis, MD; Willem Meeuwisse, MD, PhD; Nick Barrowman, PhD;
Andrée-Anne Ledoux, PhD; Martin H. Osmond, MDCM; Roger Zemek, MD; for the Pediatric Emergency Research Canada (PERC) Concussion Team

IMPORTANCE Although concussion treatment guidelines advocate rest in the immediate
postinjury period until symptoms resolve, no clear evidence has determined that avoiding
physical activity expedites recovery.

OBJECTIVE To investigate the association between participation in physical activity within 7
days postinjury and incidence of persistent postconcussive symptoms (PPCS).

DESIGN, SETTING, AND PARTICIPANTS Prospective, multicenter cohort study (August 2013-June
2015) of 3063 children and adolescents aged 5.00-17.99 years with acute concussion from 9
Pediatric Emergency Research Canada network emergency departments (EDs).

EXPOSURES Early physical activity participation within 7 days postinjury.

MAIN OUTCOMES AND MEASURES Physical activity participation and postconcussive symptom
severity were rated using standardized questionnaires in the ED and at days 7 and 28 postinjury.
PPCS (!3 new or worsening symptoms on the Post-Concussion Symptom Inventory) was
assessed at 28 days postenrollment. Early physical activity and PPCS relationships were
examined by unadjusted analysis, 1:1 propensity score matching, and inverse probability of
treatment weighting (IPTW). Sensitivity analyses examined patients (!3 symptoms) at day 7.

RESULTS Among 2413 participants who completed the primary outcome and exposure,
(mean [SD] age, 11.77 [3.35] years; 1205 [39.3%] females), PPCS at 28 days occurred in 733
(30.4%); 1677 (69.5%) participated in early physical activity including light aerobic exercise
(n = 795 [32.9%]), sport-specific exercise (n = 214 [8.9%]), noncontact drills (n = 143
[5.9%]), full-contact practice (n = 106 [4.4%]), or full competition (n = 419 [17.4%]), whereas
736 (30.5%) had no physical activity. On unadjusted analysis, early physical activity
participants had lower risk of PPCS than those with no physical activity (24.6% vs 43.5%;
Absolute risk difference [ARD], 18.9% [95% CI,14.7%-23.0%]). Early physical activity was
associated with lower PPCS risk on propensity score matching (n = 1108 [28.7% for early
physical activity vs 40.1% for no physical activity]; ARD, 11.4% [95% CI, 5.8%-16.9%]) and on
inverse probability of treatment weighting analysis (n = 2099; relative risk [RR], 0.74 [95%
CI, 0.65-0.84]; ARD, 9.7% [95% CI, 5.7%-13.7%]). Among only patients symptomatic at day 7
(n = 803) compared with those who reported no physical activity (n = 584; PPCS, 52.9%),
PPCS rates were lower for participants of light aerobic activity (n = 494 [46.4%]; ARD, 6.5%
[95% CI, 5.7%-12.5%]), moderate activity (n = 176 [38.6%]; ARD, 14.3% [95% CI,
5.9%-22.2%]), and full-contact activity (n = 133 [36.1%]; ARD, 16.8% [95% CI, 7.5%-25.5%]).
No significant group difference was observed on propensity-matched analysis of this
subgroup (n = 776 [47.2% vs 51.5%]; ARD, 4.4% [95% CI, −2.6% to 11.3%]).

CONCLUSIONS AND RELEVANCE Among participants aged 5 to 18 years with acute concussion,
physical activity within 7 days of acute injury compared with no physical activity was
associated with reduced risk of PPCS at 28 days. A well-designed randomized clinical trial is
needed to determine the benefits of early physical activity following concussion.

JAMA. 2016;316(23):2504-2514. doi:10.1001/jama.2016.17396
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Pediatric Concussion 
Assessment of Rest and Exertion

Ledoux A-A, et al. Br J Sports Med, 2017
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Wellness Definition ?
"...a state of complete physical, mental, and social well-
being, and not merely the absence of disease or infirmity"

- World Health Organization
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Collaborative Care Model



braininjuryguidelines.org



• Medical assessment by physician with expertise in concussion 
• Adjunctive testing
• Interdisciplinary management 
• 7DUJHWLQJ�V\PSWRP�VSHFLȴF�FDUH�

Specialized therapy/ 
interdisciplinary concussion team

Not yet recovered > 4 weeks prolonged symptoms

Links to 
Recommendations:

1:  Recognition and directing 
to care

2:  Initial medical 
assessment and 
management

3: Medical follow-up
4:  Medical clearance: Full 

contact sport or high-risk 
activity

5:  Sport concussion 
considerations

6: Post-traumatic headache 
7: Sleep disturbances 
8: Mental health 
9: Cognitive problems
10:  Vision/vestibular/

oculomotor
11: Fatigue
12: Return to school/work

SIDEBAR 1

> Symptom attributes
•  Duration, onset, triggers, 

location
• Intensity and impact
• Perception of symptoms
• Impact on functioning
• Previous episodes
•  Previous treatment and 

response

SIDEBAR 2

> Psychosocial evaluation
• Support system
• Mental health history
•  Comorbid conditions 

(chronic pain, mood/
stress/personality 
disorder)

• Substance use disorder
•  Absence from school or 
DFDGHPLF�GLɝFXOWLHV

TOOL 1.2: Manage Acute and Prolonged Concussion Symptoms Algorithm

• Clinical history, physical examination, determine need for imaging 
• Rule out more severe traumatic brain injury (TBI), structural spine 

injury, neurological/medical causes of concussion-like symptoms 
(Sidebar 1: Symptom attributes)

• Post-injury education and guidance 
• $VVHVV�DQ\�PRGLȴHUV�WKDW�PD\�GHOD\�UHFRYHU\�DQG�FRQVLGHU�HDUO\�

referral to interdisciplinary team
• Arrange follow-up in 1-2 weeks to re-assess clinical status

• Re-assess post-concussion symptom severity, functional status, 
worsening or new symptoms, return to school/activity/sport status

• Focused history, physical examination, determine need for imaging 
(depending on nature of prolonged symptoms)

• Complete a psychological assessment (Sidebar 2)
• Post-injury education and guidance, recommend additional assessments 

or accommodations if symptoms worsen or fail to improve
• $VVHVV�DQ\�PRGLȴHUV�WKDW�PD\�GHOD\�UHFRYHU\�DQG�FRQVLGHU�HDUO\�UHIHUUDO�

<4 weeks post acute injury
• Refer to interdisciplinary concussion team or appropriate sub-specialist 

if symptoms last longer than 4 weeks (or sooner as needed/using clinical 
judgment)

• Arrange frequent clinical follow-up while awaiting for consultation
• 6HH�JXLGHOLQH�VHFWLRQV�IRU�VSHFLȴF�SRVW�FRQFXVVLRQ�V\PSWRPV

Initial medical assessment
(Physician or Nurse Practitioner)

Medical follow-up and referral to healthcare 
professionals/interdisciplinary concussion team 

(1-4 weeks following acute injury)

Neurosurgery 
or emergency 
department 

Diagnosed concussion

No diagnosed 
concussion

Suspected 
structural brain 
or spine injury
Immediate referral

Clinically 
recovered

Medical 
clearance to 
return to full 
contact sport 
and high risk 

activities

0RGLȴHUV�WKDW�
may delay 
recovery/
high risk of 
prolonged 
post-concussion 
symptoms

Adapted with permission from the Ontario Neurotrauma Foundation Standards for Post-Concussion Care - Post Concussion Care Pathway

Recommendation/List of Tools – Guideline for Diagnosing and Managing Pediatric Concussion





Summary

• Increasing incidence of concussion 
• Identify the predictors for PPCS (5P rule)
• Potential to individualize concussion care 
–Appropriate follow-up (timing and type)
– Target for early novel intervention

• Early physical activity important for recovery
• Braininjuryguidelines.org
• Many more questions still to answer!
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