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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.
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C oncussions are a serious health concern in children be-
cause quality-of-life deficits may persist for months.1

In the last decade, rates of pediatric visits to emer-
gency departments (EDs) and primary care providers for con-
cussion and minor head injuries have increased 2- to 4-fold in
the United States and in Canada.2-4 Although many studies
have focused on the rates and factors predictive of persistent
postconcussive symptoms, the natural progression of recov-
ery processes remains poorly characterized.

The expected duration for recovery after pediatric concus-
sions is broad, ranging from days to months and even years.5 The
5th International Conference on Concussion in Sport designated
prolonged symptoms for pediatric concussion at greater than 4
weeks5,6; however, the definition of recovery is inconsistent
throughout the literature7 and is not developmentally specific.5

Previous studies focused on sport-related concussions,8-10 used
retrospectivedesigns,8,9 enrolledprimarilyadolescentsandyoung
adults,10-12 and had limited sample sizes.11,13,14 Other barriers to
determining the natural course of recovery include recruitment
beyond the acute injury period8,13 and failure to measure out-
comes using validated pediatric symptom scoring scales.5,7

While prognosticators for prolonged recovery include
older children,8,9,14,15 female sex,10,14,16 number of previous
concussions,9,14,17 acute and subacute symptoms,15,18 and symp-
tom burden,19-21 recovery progression remains poorly described.
Given the extensive brain maturation and significant functional
development that occurs throughout childhood and because sex
differencesexistthroughoutdevelopment,investigatingthenatu-
ral course of recovery from concussion by age and sex is impor-
tantforeffectivemanagementdecisionsandpreventivemeasures.
This study examined the natural progression of self-reported
symptom recovery from pediatric concussion over the initial 3
months after injury. The objectives were to: (1) describe the natu-
ral progression of symptom change by age group (5-7, 8-12, and
13-18 years), (2) examine the natural progression of symptom
change by continuous age and sex, and (3) develop centile curves
to inform families about children after injury recovery.

Methods
Design and Settings
ThisstudywasaplannedsecondaryanalysisofthePredictingand
PreventingPostconcussiveProblemsinPediatricsstudy,15,22 apro-
spective multicenter cohort study that recruited participants en-
rolled from August 1, 2013, to May 31, 2015, at 9 Pediatric Emer-
gency Research Canada (PERC) network EDs. Data analyses were
performed between January 2018 and March 2018. The ethics
committeesoftheparticipating9institutionsapprovedthestudy.
All participants provided written informed consent or assent.

Study Population
Participants aged 5 to 18 years who had sustained an acute head
injury less than 48 hours from ED presentation and who met the
concussion diagnosis criteria according to the Zurich Consensus
Statement on Concussion in Sport23 were eligible for inclusion
in the study. Exclusion criteria included the following: Glasgow
Coma Scale score of 13 or less, any trauma-related abnormality

on neuroimaging, multisystem injury requiring hospitalization,
severe preexisting neurological developmental delay resulting
in communication difficulties, intoxication, absence of trauma
as primary event, previous enrollment, language barrier, inabil-
ity to complete follow-up, or neurosurgical intervention, intu-
bation, or intensive care unit admission.

Study Protocol
The study protocol was previously published.22 Summarized
methods are described below.

ED Visit
Research assistants evaluated participants acutely in the ED on
enrollment using 3 measures. The first was the Acute Concus-
sion Evaluation (ACE), a 22-item dichotomous symptom inven-
tory evaluating injury characteristics, symptoms, and risk fac-
tors for protracted recovery.24 The second was the Child Sports
Concussion Assessment Tool version 3 (Child SCAT3),23 a stan-
dardized tool for evaluating cognitive assessment and balance
(using the Balance Error Scoring System [BESS]).25 The third was
the Postconcussion Symptom Inventory (PCSI),26 valid and re-
liable symptom scales for parents (20 items using a 7-point scale)
and developmentally specific self-reported forms for children
aged 5 to 7 years (13 items using a 3-point [0, 1, 2] Guttman scale
indicating the severity of the symptom; score range, 0-26), aged
8 to 12 years (17 items using a 3-point [0-2] Guttman scale indi-
cating the severity of the symptom; score range, 0-34), and aged
13 to 18 years (20 items using a 7-point [0-7] Guttman scale in-
dicating the severity of the symptoms; score range, 0-120). Child
and/or parent provided mechanism of the traumatic event, per-
sonal history (eg, migraine), and mental health history.

Follow-up Questionnaires
Using the age-specific patient versions of the PCSI, symp-
toms were self-rated for all age groups at presentation and 1,
2, 4, 8, and 12 weeks after injury. Younger children (aged 5-7
years) may have received assistance from their parents in com-
pleting their assessment forms. Depending on their choice,
participants completed the follow-up questionnaires via a web-
based survey or telephone. All data were collected and man-
aged with the Research Electronic Data Capture (REDCap)27

database.

Key Points
Question What is the natural progression of symptom change and
recovery in children after concussion?

Findings In this multicenter cohort study that included 2716
children aged 5 to 18 years, symptom improvement primarily
occurred in the first 2 weeks after injury in children and in the first
4 weeks after injury in preadolescents and male adolescents.
Female adolescents had protracted recovery.

Meaning It may be that between-sex differences in adolescents
should be taken into consideration for recovery management;
the derived recovery curves may be useful for evidence-based
anticipatory guidance.
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Outcomes
The primary outcome was symptom change, defined as current
rating minus preinjury rating (delta score), over time (at presen-
tation and 1, 2, 4, 8, and 12 weeks after injury), measured using
the PCSI. The secondary outcome was recovery; children were
considered recovered if they had no change in symptoms rela-
tive to current preinjury PCSI ratings (delta score = 0).

Statistical Analysis
Natural Progression of Symptom Change
Descriptive statistics were used to summarize patient baseline
characteristics for each age group. The primary analysis focused
on the natural course of symptom change over 12 weeks, strati-
fied by age group, with adjustment for specific covariates asso-
ciated with recovery. Based on systematic reviews,5,6,28 a priori
selected variables determined to be associated with recovery in-
cluded the following: age,8,9,14,15 sex,10,14-17 time, age by time in-
teraction,sexbytimeinteraction,personalmigrainehistory,15 pre-
viousconcussionswithsymptomslastinglongerthan1week,9,14,17

learning disability,15 attention-deficit/hyperactivity disorder,29

anxiety,9 depression,14 sleep disorders,18,30 loss of consciousness
and duration,15,18 cognitive scores from the Child SCAT3 (imme-
diate and delayed memory, concentration),8 BESS tandem
stance,15 and baseline subscale symptom scores (parent
reported).18 For the group aged 5 to 7 years, the variables depres-
sion (no participants had a prior depression diagnosis) and BESS
tandem stance (this was not validated in that age group) were not
predictors. Three linear mixed-effects models (1 model per age
group) were fitted, with the total PCSI delta score as the depen-
dent variable (measured at presentation and 1, 2, 4, 8, and 12
weeks). Random effects for model intercept and time were speci-
fied under the assumption of a continuous autoregressive (AR)
process, namely, AR(1) process for a continuous time covariate,
basedonapatientnestedinsite(9-levelcorrelationstructure).31,32

Toallowfornonlinearityofeffectsinthemixedmodels,fractional
polynomial transformations were applied to continuous covar-
iatesusinganinitialexploratorymodelingprocedurethatsystem-
atically searches for a suitable transformation for each continu-
ous covariate, combined with a backward elimination procedure
to limit overfitting.33,34 Because the “shape” of concussion symp-
tom change was of primary interest, a maximum of 4 df was af-
forded to the transformation of the time covariate, while 2 df was
afforded to all other continuous covariates. Graphical assessment
of residuals (quantile-quantile plots and plots of standardized re-
siduals against fitted values) revealed neither significant devia-
tions from normality nor strong evidence of heteroscedasticity.

Model contrasts were specified to estimate rate of symp-
tom change over time, continuous age by time interaction, and
sex by time interaction and to estimate the PCSI delta score
difference between sex and the 75th and 25th quantiles of the
continuous age variable. Analyses were performed adjusting
covariates at either their median or mode, with the 95% CI ad-
justed for multiple comparisons by Bonferroni correction. Two-
sided P < .05 was considered statistically significant.

Centile Curves of Recovery
In the secondary outcome analysis, the proportion of recov-
ered participants was estimated with associated binomial

95% CIs using the method by Wilson.35 Centile curves (unad-
justed) were created with quantile regression of PCSI delta
scores, with sex and time as covariates. An initial modeling pro-
cedure was generated to determine a suitable fractional poly-
nomial transformation for time (continuous covariate) to al-
low for nonlinearity. Quantile regressions to estimate quantiles
of interest over the study period were fitted.

For all analyses, the continuous PCSI delta score was used,
where a 15% cutoff for missing data (nonanswered items) was
allowed. To assess any potential bias between missing vs non-
missing time points, a descriptive comparison of selected vari-
ables was conducted.

To ensure that multivariable mixed modeling and time
point proportion estimations could be achieved for even the
smallest cohort, sample size considerations were made. For fit-
ting the mixed models, the smallest cohort was 534 children
(aged 5-7 years), translating into an effective sample size of ap-
proximately 1451 given 6 measurement time points per pa-
tient under the assumptions of an AR(1) correlation structure
and r = 0.49 correlation between consecutive time points.36

This enabled a complex regression model to be fitted (ie, 72
df under a 20:1 target of sample size to predictor). Estimating
recovered proportions for the smallest subcohort of 151 chil-
dren (girls aged 5-7 years) allowed estimation of a proportion
95% CI half width of 0.08 (ie, 8% margin of error), assuming a
“worst case” hypothetical observed proportion of 0.5. Two-
sided P < .05 was considered statistically significant, and all
analyses were conducted using a software program (R, ver-
sion 3.3.2; R Foundation).

Results
A total of 3063 children (60.7% male), with a median age of 12.0
years (interquartile range, 9.2-14.6 years), completed the ED out-
come measure (eFigure 1 in the Supplement). Of these partici-
pants,488aged5to7years,1158aged8to12years,and1070aged
13 to 18 years were included in the mixed-effects models for at
least 1 time point. Baseline characteristics by age group are sum-
marized in Table 1. The percentage of patients with missing out-
comes (<85% PCSI completeness) for each time point is summa-
rized in eTable 1 in the Supplement. Those missing data vs those
notmissingdataforalltimepointsweresimilarforbothoutcomes
(eTable 2 and eTable 3 in the Supplement).

Association Between Predicted Symptom Change
and Time, Stratified by Age Group
All age groups demonstrated a nonlinear association of time;
symptoms significantly decreased at each time point, with the
greatest association in the first week after injury (Table 2). Al-
though symptom change was significant for all time points,
when examining the rate effect size, symptom change primar-
ily occurred in the first week after injury for the group aged 5
to 7 years, plateauing between weeks 1 and 2. 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,

Natural Progression of Symptom Change and Recovery From Concussion in a Pediatric Population Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics January 2019 Volume 173, Number 1 3/11

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2018.3820&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.3820
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2018.3820&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.3820
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2018.3820&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.3820
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.3820


Ta
bl

e
1.

Pa
rt

ic
ip

an
tC

ha
ra

ct
er

is
tic

s

Va
ria

bl
e

To
ta

lE
lig

ib
le

Sa
m

pl
e

M
ix

ed
-E

ff
ec

ts
M

od
el

Pa
rt

ic
ip

an
ts

Ce
nt

ile
Cu

rv
es

5-
7

y
8-

12
y

13
-1

8
y

5-
7

y
8-

12
y

13
-1

8
y

5-
7

y
8-

12
y

13
-1

8
y

To
ta

lN
o.

53
4

12
82

12
47

48
8

11
58

10
70

52
8

12
69

12
34

Ag
e,

m
ed

ia
n

(I
Q

R)
,y

6.
6

(5
.9

-7
.3

)
10

.8
(9

.6
-1

1.
9)

15
.1

(1
4.

0-
16

.1
)

6.
6

(5
.9

-7
.3

)
10

.8
(9

.6
-1

1.
9)

15
.0

(1
4.

0-
16

.0
)

6.
6

(5
.9

-7
.3

)
10

.8
(9

.6
-1

1.
9)

15
.1

(1
4.

0-
16

.1
)

Se
x,

N
o.

(%
)

M
al

e
33

1
(6

2.
0)

83
8

(6
5.

4)
68

8
(5

5.
2)

30
3

(6
2.

1)
76

0
(6

5.
6)

58
8

(5
5.

0)
32

6
(6

1.
7)

83
0

(6
5.

4)
68

0
(5

5.
1)

Fe
m

al
e

20
3

(3
8.

0)
44

4
(3

4.
6)

55
8

(4
4.

7)
18

5
(3

7.
9)

39
8

(3
4.

4)
48

2
(4

5.
0)

20
2

(3
8.

3)
43

9
(3

4.
6)

55
4

(4
4.

9)

N
A

0
0

1
(0

.1
)

0
0

0
0

0
0

Ti
m

e
fr

om
in

ju
ry

to
pr

es
en

ta
tio

n
in

th
e

ED
,m

ed
ia

n
(I

Q
R)

,h
2.

6
(1

.4
-5

.6
)

2.
7

(1
.4

-7
.4

)
3.

2
(1

.4
-1

9.
8)

2.
7

(1
.4

-5
.6

)
2.

8
(1

.5
-7

.3
)

3.
3

(1
.5

-2
0.

1)
2.

6
(1

.4
-5

.6
)

2.
7

(1
.4

-7
.3

)
3.

2
(1

.4
-1

9.
9)

Re
la

tin
g

to
Pe

rs
on

al
H

is
to

ry

Pe
rs

on
al

m
ig

ra
in

e
hi

st
or

y,
N

o.
(%

)

N
o

50
3

(9
4.

2)
11

39
(8

8.
8)

10
04

(8
0.

5)
46

2
(9

4.
7)

10
41

(8
9.

9)
87

7
(8

2.
0)

50
0

(9
4.

7)
11

31
(8

9.
1)

99
8

(8
0.

9)

Ye
s

26
(4

.9
)

13
1

(1
0.

2)
23

5
(1

8.
8)

26
(5

.3
)

11
7

(1
0.

1)
19

3
(1

8.
0)

26
(4

.9
)

13
1

(1
0.

3)
23

1
(1

8.
7)

N
A

5
(0

.9
)

12
(0

.9
)

8
(0

.6
)

0
0

0
2

(0
.4

)
7

(0
.6

)
5

(0
.4

)

Pr
ev

io
us

co
nc

us
si

on
s,

m
ea

n
(S

D)
0.

1
(0

.4
)

0.
2

(0
.6

)
0.

6
(1

.0
)

0.
1

(0
.5

)
0.

2
(0

.6
)

0.
6

(1
.0

)
0.

1
(0

.4
)

0.
2

(0
.6

)
0.

6
(1

.0
)

Sy
m

pt
om

du
ra

tio
n

of
pr

io
rc

on
cu

ss
io

n,
N

o.
(%

)

<1
w

k
51

2
(9

5.
9)

11
80

(9
2.

0)
95

5
(7

6.
6)

47
3

(9
6.

9)
10

78
(9

3.
1)

82
6

(7
7.

2)
50

9
(9

6.
4)

11
72

(9
2.

4)
94

6
(7

6.
7)

≥1
w

k
16

(3
.0

)
93

(7
.3

)
28

1
(2

2.
5)

15
(3

.1
)

80
(6

.9
)

24
4

(2
2.

8)
16

(3
.0

)
92

(7
.2

)
28

0
(2

2.
7)

N
A

6
(1

.1
)

9
(0

.7
)

11
(0

.9
)

0
0

0
3

(0
.6

)
5

(0
.4

)
8

(0
.6

)

Le
ar

ni
ng

di
sa

bi
lit

y,
N

o.
(%

)

N
o

50
8

(9
5.

1)
11

68
(9

1.
1)

11
20

(8
9.

8)
46

8
(9

5.
9)

10
67

(9
2.

1)
96

8
(9

0.
5)

50
5

(9
5.

6)
11

63
(9

1.
6)

11
11

(9
0.

0)

Ye
s

22
(4

.1
)

10
3

(8
.0

)
11

8
(9

.5
)

20
(4

.1
)

91
(7

.9
)

10
2

(9
.5

)
22

(4
.2

)
10

0
(7

.9
)

11
7

(9
.5

)

N
A

4
(0

.7
)

11
(0

.9
)

9
(0

.7
)

0
0

0
1

(0
.2

)
6

(0
.5

)
6

(0
.5

)

At
te

nt
io

n-
de

fic
it/

hy
pe

ra
ct

iv
ity

di
so

rd
er

,N
o.

(%
)

N
o

50
4

(9
4.

4)
11

55
(9

0.
1)

11
09

(8
8.

9)
46

5
(9

5.
3)

10
56

(9
1.

2)
96

5
(9

0.
2)

50
1

(9
4.

9)
11

49
(9

0.
5)

11
01

(8
9.

2)

Ye
s

26
(4

.9
)

11
3

(8
.8

)
12

9
(1

0.
3)

23
(4

.7
)

10
2

(8
.8

)
10

5
(9

.8
)

26
(4

.9
)

11
1

(8
.7

)
12

7
(1

0.
3)

N
A

4
(0

.7
)

14
(1

.1
)

9
(0

.7
)

0
0

0
1

(0
.2

)
9

(0
.7

)
6

(0
.5

)

An
xi

et
y,

N
o.

(%
)

N
o

51
8

(9
7.

0)
11

94
(9

3.
1)

10
96

(8
7.

9)
47

6
(9

7.
5)

10
82

(9
3.

4)
94

9
(8

8.
7)

51
5

(9
7.

5)
11

86
(9

3.
5)

10
88

(8
8.

2)

Ye
s

13
(2

.4
)

81
(6

.3
)

14
3

(1
1.

5)
12

(2
.5

)
76

(6
.6

)
12

1
(1

1.
3)

13
(2

.5
)

81
(6

.4
)

14
1

(1
1.

4)

N
A

3
(0

.6
)

7
(0

.5
)

8
(0

.6
)

0
0

0
0

2
(0

.2
)

5
(0

.4
)

De
pr

es
si

on
,N

o.
(%

)

N
o

53
1

(9
9.

4)
12

60
(9

8.
3)

11
69

(9
3.

7)
48

8
(1

00
)

11
44

(9
8.

8)
10

18
(9

5.
1)

52
8

(1
00

)
12

52
(9

8.
7)

11
59

(9
3.

9)

Ye
s

0
14

(1
.1

)
73

(5
.9

)
0

14
(1

.2
)

52
(4

.9
)

0
14

(1
.1

)
73

(5
.9

)

N
A

3
(0

.6
)

8
(0

.6
)

5
(0

.4
)

0
0

0
0

3
(0

.2
)

2
(0

.2
)

Sl
ee

p
di

so
rd

er
s,

N
o.

(%
)

N
o

52
4

(9
8.

1)
12

56
(9

8.
0)

11
98

(9
6.

1)
48

3
(9

9.
0)

11
43

(9
8.

7)
10

36
(9

6.
8)

52
1

(9
8.

7)
12

48
(9

8.
3)

11
88

(9
6.

3)

Ye
s

5
(0

.9
)

16
(1

.2
)

41
(3

.3
)

5
(1

.0
)

15
(1

.3
)

34
(3

.2
)

5
(0

.9
)

16
(1

.3
)

41
(3

.3
)

N
A

5
(0

.9
)

10
(0

.8
)

8
(0

.6
)

0
0

0
2

(0
.4

)
5

(0
.4

)
5

(0
.4

) (c
on

tin
ue

d)

Research Original Investigation Natural Progression of Symptom Change and Recovery From Concussion in a Pediatric Population

4/11 JAMA Pediatrics January 2019 Volume 173, Number 1 (Reprinted) jamapediatrics.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.3820


Ta
bl

e
1.

Pa
rt

ic
ip

an
tC

ha
ra

ct
er

is
tic

s(
co

nt
in

ue
d)

Va
ria

bl
e

To
ta

lE
lig

ib
le

Sa
m

pl
e

M
ix

ed
-E

ff
ec

ts
M

od
el

Pa
rt

ic
ip

an
ts

Ce
nt

ile
Cu

rv
es

5-
7

y
8-

12
y

13
-1

8
y

5-
7

y
8-

12
y

13
-1

8
y

5-
7

y
8-

12
y

13
-1

8
y

M
ec

ha
ni

sm
of

in
ju

ry
,N

o.
(%

)

Sp
or

ts
an

d
re

cr
ea

tio
na

lp
la

y
24

0
(4

4.
9)

86
2

(6
7.

2)
96

9
(7

7.
7)

22
6

(4
6.

3)
78

4
(6

7.
7)

83
7

(7
8.

2)
23

9
(4

5.
3)

85
7

(6
7.

5)
96

3
(7

8.
0)

N
on

–s
po

rt
-r

el
at

ed
in

ju
ry

or
fa

ll
24

7
(4

6.
3)

33
4

(2
6.

1)
16

0
(1

2.
8)

22
4

(4
5.

9)
29

9
(2

5.
8)

13
9

(1
3.

0)
24

6
(4

6.
6)

33
2

(2
6.

2)
15

7
(1

2.
7)

M
ot

or
ve

hi
cl

e
cr

as
h

5
(0

.9
)

13
(1

.0
)

37
(3

.0
)

4
(0

.8
)

12
(1

.0
)

26
(2

.4
)

4
(0

.8
)

13
(1

.0
)

37
(3

.0
)

As
sa

ul
t

2
(0

.4
)

13
(1

.0
)

24
(1

.9
)

2
(0

.4
)

13
(1

.1
)

21
(2

.0
)

2
(0

.4
)

13
(1

.0
)

23
(1

.9
)

O
th

er
36

(6
.7

)
53

(4
.1

)
54

(4
.3

)
32

(6
.6

)
50

(4
.3

)
47

(4
.4

)
36

(6
.8

)
53

(4
.2

)
54

(4
.4

)

N
A

4
(0

.7
)

7
(0

.5
)

3
(0

.2
)

0
0

0
1

(0
.2

)
1

(0
.1

)
0

H
el

m
et

us
e

in
sp

or
ts

,N
o.

/t
ot

al
N

o.
(%

)a

N
o

21
4/

24
0

(8
9.

2)
52

5/
86

2
(6

0.
9)

55
3/

96
9

(5
7.

1)
20

1/
22

6
(8

8.
9)

48
5/

78
4

(6
1.

9)
46

5/
83

7
(5

5.
6)

21
3/

23
9

(8
9.

1)
52

0/
85

7
(6

0.
7)

54
9/

96
3

(5
7.

0)

Ye
s

26
/2

40
(1

0.
8)

33
7/

86
2

(3
9.

1)
41

6/
96

9
(4

2.
9)

25
/2

26
(1

1.
1)

29
9/

78
4

(3
8.

1)
37

2/
83

7
(4

4.
4)

26
/2

39
(1

0.
9)

33
7/

85
7

(3
9.

3)
41

4/
96

3
(4

3.
0)

M
ou

th
gu

ar
d

us
e

in
sp

or
ts

,N
o.

/t
ot

al
N

o.
(%

)a

N
o

23
0/

24
0

(9
5.

8)
70

7/
85

9
(8

2.
3)

68
1/

96
7

(7
0.

4)
21

7/
22

6
(9

6.
0)

64
4/

78
1

(8
2.

5)
58

1/
83

5
(6

9.
6)

22
9/

23
9

(9
5.

8)
70

2/
85

4
(8

2.
2)

67
6/

96
1

(7
0.

3)

Ye
s

10
/2

40
(4

.2
)

15
2/

85
9

(1
7.

7)
28

6/
96

7
(2

9.
6)

9/
22

6
(4

.0
)

13
7/

78
1

(1
7.

5)
25

4/
83

5
(3

0.
4)

10
/2

39
(4

.2
)

15
2/

85
4

(1
7.

8)
28

5/
96

1
(2

9.
7)

Re
la

tin
g

to
Sy

m
pt

om
sA

ft
er

In
ju

ry

Lo
ss

of
co

ns
ci

ou
sn

es
s,

N
o.

(%
)

N
o

41
9

(7
8.

5)
99

1
(7

7.
3)

90
7

(7
2.

7)
38

4
(7

8.
7)

89
8

(7
7.

5)
78

6
(7

3.
5)

41
7

(7
9.

0)
98

5
(7

7.
6)

89
9

(7
2.

9)

Ye
s

37
(6

.9
)

15
9

(1
2.

4)
19

9
(1

6.
0)

32
(6

.6
)

14
3

(1
2.

3)
17

3
(1

6.
2)

36
(6

.8
)

15
8

(1
2.

5)
19

8
(1

6.
0)

Un
kn

ow
n

74
(1

3.
9)

12
6

(9
.8

)
13

7
(1

1.
0)

72
(1

4.
8)

11
7

(1
0.

1)
11

1
(1

0.
4)

74
(1

4.
0)

12
5

(9
.9

)
13

6
(1

1.
0)

N
A

4
(0

.7
)

6
(0

.5
)

4
(0

.3
)

0
0

0
1

(0
.2

)
1

(0
.1

)
1

(0
.1

)

Du
ra

tio
n

of
lo

ss
of

co
ns

ci
ou

sn
es

s,
m

ea
n

(S
D)

,m
in

0.
1

(0
.5

)
0.

1
(0

.7
)

0.
2

(0
.9

)
0.

1
(0

.5
)

0.
1

(0
.7

)
0.

2
(0

.9
)

0.
1

(0
.5

)
0.

1
(0

.7
)

0.
2

(0
.9

)

Se
iz

ur
e,

N
o.

(%
)

N
o

52
0

(9
7.

4)
12

52
(9

7.
7)

12
12

(9
7.

2)
47

8
(9

8.
0)

11
38

(9
8.

3)
10

44
(9

7.
6)

51
7

(9
7.

9)
12

45
(9

8.
1)

12
02

(9
7.

4)

Ye
s

10
(1

.9
)

23
(1

.8
)

24
(1

.9
)

10
(2

.0
)

20
(1

.7
)

22
(2

.1
)

10
(1

.9
)

23
(1

.8
)

24
(1

.9
)

N
A

4
(0

.7
)

7
(0

.5
)

11
(0

.9
)

0
0

4
(0

.4
)

1
(0

.2
)

1
(0

.1
)

8
(0

.6
)

Ch
ild

SC
AT

3
co

gn
iti

ve
te

st
in

g,
m

ea
n

(S
D)

O
rie

nt
at

io
n

2.
2

(1
.5

)
3.

6
(0

.7
)

3.
7

(0
.5

)
2.

2
(1

.5
)

3.
6

(0
.7

)
3.

7
(0

.6
)

2.
2

(1
.5

)
3.

6
(0

.7
)

3.
7

(0
.5

)

Co
nc

en
tr

at
io

n
2.

2
(1

.4
)

3.
9

(1
.2

)
4.

5
(1

.2
)

2.
2

(1
.4

)
3.

9
(1

.2
)

4.
5

(1
.2

)
2.

2
(1

.4
)

3.
9

(1
.2

)
4.

5
(1

.2
)

Im
m

ed
ia

te
m

em
or

y
11

.0
(3

.2
)

13
.4

(1
.8

)
13

.8
(1

.5
)

11
.0

(3
.2

)
13

.4
(1

.8
)

13
.8

(1
.5

)
11

.0
(3

.2
)

13
.4

(1
.8

)
13

.8
(1

.5
)

De
la

ye
d

m
em

or
y

3.
3

(1
.7

)
4.

0
(1

.2
)

4.
0

(1
.2

)
3.

3
(1

.8
)

4.
0

(1
.2

)
4.

0
(1

.2
)

3.
3

(1
.7

)
4.

0
(1

.2
)

4.
0

(1
.2

)

ED
PC

SI
de

lt
a

sc
or

e,
m

ea
n

(S
D)

7.
0

(4
.4

)
11

.4
(6

.1
)

36
.5

(2
1.

8)
7.

0
(4

.4
)

11
.2

(6
.0

)
36

.1
(2

1.
8)

7.
0

(4
.4

)
11

.4
(6

.1
)

36
.5

(2
1.

8)

Ab
br

ev
ia

tio
ns

:E
D,

em
er

ge
nc

y
de

pa
rt

m
en

t;
IQ

R,
in

te
rq

ua
rt

ile
ra

ng
e;

N
A,

no
ta

ns
w

er
ed

;P
CS

I,
Po

st
co

nc
us

sio
n

Sy
m

pt
om

In
ve

nt
or

y;
Ch

ild
SC

AT
3,

Ch
ild

Sp
or

ts
Co

nc
us

sio
n

As
se

ss
m

en
tT

oo
lv

er
sio

n
3.

a
D

en
om

in
at

or
sf

or
th

e
va

ria
bl

es
H

el
m

et
us

e
in

sp
or

ts
an

d
M

ou
th

gu
ar

d
us

e
in

sp
or

ts
re

la
te

to
th

e
to

ta
ln

um
be

r
of

pa
rt

ic
ip

an
ts

w
ith

a
sp

or
tc

on
cu

ss
io

n
w

ho
ha

d
an

sw
er

ed
th

e
qu

es
tio

n.

Natural Progression of Symptom Change and Recovery From Concussion in a Pediatric Population Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics January 2019 Volume 173, Number 1 5/11

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.3820


83.6% and 86.2% of symptoms, respectively, had resolved 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).

Association Between Predicted Symptom Change,
Continuous Age by Time Interaction,
and Sex by Time Interaction Within Age Groups
Female sex was associated with higher PCSI delta scores in all
age groups at each time point (eTable 4 in the Supplement).
Although statistically significant, the estimated PCSI delta score
differences between boys and girls were small for the younger
age groups (5-7 and 8-12 years). Sex by time interaction was
significant only for the adolescent group (β = 0.32; 95% CI,
0.21-0.43; P < .001) (Figure 1A). Comparisons of expected
symptom change rates (Table 3) for the group aged 13 to 18 years
indicated that girls initially (week 1 after the ED visit) im-
proved at a slower rate than boys (also shown by the slopes for
the group aged 13-18 years in Figure 1A). However, between
weeks 1 and 2, girls demonstrated faster symptom improve-
ment compared with boys. From weeks 2 to 12, symptom
change rates of girls returned to being significantly slower than
those of boys (female slope is less slanted in Figure 1A, and es-
timates are listed in Table 3). Predicted symptom change for
boys occurred in the first 2 weeks and flattened between weeks
2 and 4. By 4 weeks, 91.8% of symptoms had improved in boys
(PCSI change, −29.13; 95% CI, −32.3 to −25.97), and 79.9% of
symptoms had improved in girls (PCSI change, −27.89; 95% CI,
−31.32 to −24.44), with female symptom change plateauing be-
tween weeks 4 and 8.

The 75th quantile of age (older children within each age
group) was associated with higher symptom scores at differ-

ent time points over time (Figure 1B and eTable 5 in the Supple-
ment). The interaction between continuous age and time was
significant in each age group. Although statistically signifi-
cant, the estimated PCSI delta score difference between the
75th and 25th quantiles (eTable 5 in the Supplement) and the
effect sizes of the difference in PCSI change rates between the
75th and 25th quantiles over time were small (eTable 6 in the
Supplement).

Proportion of Recovered Participants
and Unadjusted Recovery Centile Curves
Theproportionofrecoveredparticipantsoverallandbysex,strati-
fied by age group, is shown in eFigure 2 in the Supplement. Sig-
nificant differences were observed between the sexes in the pro-
portion of recovered participants for all age groups, with a greater
proportion of boys recovered at 2, 4, and 12 weeks for the group
aged 5 to 7 years, at 2, 4, 8, and 12 weeks for the group aged 8 to
12 years, and at all time points for the group aged 13 to 18 years.

Unadjusted recovery centile curves by age group and sex
(Figure 2) show the range of scores to be expected in a cohort fol-
lowed up over time. The 50th percentile for recovered partici-
pants was between 2 and 4 weeks for boys (all age groups) and
for girls in the 2 younger age groups and was beyond the 12-week
time point for adolescent girls.

Discussion
Across all pediatric age groups, pronounced symptom improve-
ment occurred in the first week after concussion. Symptom
change primarily occurred within 2 weeks after injury for all
groups except adolescent girls. Symptom change plateaued be-

Table 2. Rates of Symptom Change Across Time Pointsa

Time, wk PCSI Change (95% CI)
PCSI
Change, %

Symptom
Change, % PCSI Change (95% CI) per wkb

5-7 y

0-1 −4.4 (−4.7 to −4.2) −17.1 63.8 −4.4 (−4.7 to −4.2)

1-2 −0.8 (−0.9 to −0.8) −3.2 11.8 −0.8 (−0.9 to −0.8)

2-4 −0.4 (−0.4 to −0.4) −1.6 6.0 −0.2 (−0.2 to −0.2)

4-8 −0.2 (−0.2 to −0.2) −0.6 2.3 −0.0 (−0.0 to −0.0)

8-12 −0.0 (−0.0 to −0.0) −0.1 0.6 −0.0 (−0.0 to −0.0)

0-12 −5.9 (−6.2 to −5.6) −22.6 84.5 −0.5 (−0.5 to −0.5)

8-12 y

0-1 −6.2 (−6.5 to −5.8) −18.1 56.9 −6.2 (−6.5 to −5.8)

1-2 −1.8 (−1.9 to −1.6) −5.2 16.2 −1.8 (−1.9 to −1.6)

2-4 −1.1 (−1.3 to −1.0) −3.3 10.5 −0.6 (−0.6 to −0.5)

4-8 −0.6 (−0.6 to −0.5) −1.6 5.1 −0.1 (−0.2 to −0.1)

8-12 −0.2 (−0.2 to −0.1) −0.4 1.4 −0.0 (−0.0 to −0.0)

0-12 −9.7 (−10.1 to −9.4) −28.6 90.1 −0.8 (−0.8 to −0.8)

13-18 y

0-1 −18.8 (−19.8 to 17.7) −15.6 56.6 −18.8 (−19.8 to −17.7)

1-2 −5.9 (−6.5 to −5.3) −4.9 17.7 −5.9 (−6.5 to −5.3)

2-4 −3.9 (−4.5 to −3.4) −3.3 11.8 −2.0 (−2.3 to −1.7)

4-8 −2.0 (−2.3 to −1.6) −1.6 5.9 −0.5 (−0.6 to −0.4)

8-12 −0.6 (−0.7 to −0.4) −0.5 1.7 −0.1 (−0.2 to −0.1)

0-12 −31.1 (−32.6 to −29.5) −25.9 93.7 −2.6 (−2.7 to −2.5)

Abbreviation: 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.
Predicted baseline PCSI delta scores
are 6.96 for the group aged 5 to 7
years, 10.80 for the group aged 8 to
12 years, and 33.14 for the group
aged 13 to 18 years. The PCSI change
(percentage) is the PCSI change
divided by the total score range. The
symptom change (percentage) is
the PCSI change divided by the
predicted PCSI delta score baseline
value. Maximum PCSI scores for
each age group are 26 for the group
aged 5 to 7 years, 34 for the group
aged 8 to 12 years, and 120 for the
group aged 13 to 18 years.

b P < .001 for all.
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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)
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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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change was slower than that of adolescent boys. Sex differ-
ences are thought to be multifactorial and might be ex-
plained by physiological differences, such as neck strength37,38

and pubertal stage and hormonal differences.39-41 Psychoso-
cial differences between the sexes may contribute to differ-
ential perception, influencing symptom reporting, given that
female athletes have a higher injury rate42 and report more
symptoms with greater severity.43

The prospective nature of our study resulted in good ecologi-
calvalidityforparticipants’personalcharacteristics,andthefind-
ings are representative of the common differences in mechanism
of injury (eg, concussions related to both sport and nonsport are
included). The sample size was adequate to investigate symp-
tomchangeovertime,whilediscriminatingbetweenageandsex.
The mixed model generated was robust for controlling the asso-
ciation between sex and the covariates imputed in the model. Al-
though recovery in terms of duration and symptom course has
been reported in previous studies,5 this is the first large repre-
sentativestudy,toourknowledge,investigatingsymptomchange
trajectories from different injury mechanisms and across the
school-age spectrum (range, 5-18 years) and adjusting for vari-
ables associated with a longer recovery period.

Limitations and Future Directions
Our study has limitations. While the PCSI is a valid, reliable,
and developmentally adapted scale, preserving the psycho-
metric properties per age group (by not standardizing) lim-
ited our ability to directly compare age groups. Although re-
covery proportions were similar between the groups aged 8 to
12 years and 13 to 18 years, this cannot be confirmed. The in-
clusion criteria required 85% completeness of the PCSI at each
time point; however, this rule does not discriminate between
participants who actually dropped out entirely vs those who
had missing data at a given time point vs those who partici-
pated without completing enough PCSI items. The mixed mod-
els are robust to missing-at-random mechanisms, especially
when variables predicting missingness have been included as
model covariates.44 As such, a list-wise deletion for dealing with
greater than 15% incomplete PCSI was deemed acceptable.
However, it is unknown to what extent the presence of miss-
ing data affected the results. The prevalence of symptoms in
our study was similar to what is reported in the literature.5 Fi-
nally, clinically significant differences for the PCSI and other
concussion scales are poorly defined, limiting our ability to de-
fine clinically significant effect sizes in this study. Future re-
search should define the clinical significance of the PCSI.

Our population was sampled from a population with acute
concussion who were initially seen in pediatric EDs; therefore,
our results may not be generalizable to those having delayed
symptoms (>48 hours), those seeking care outside of an ED
(eg, family medicine clinic or sports clinic), those receiving care
on the sideline by a certified professional (eg, athletic trainer),
or those not obtaining any care. This may have biased our sample
to children with higher initial symptom burden or more severe
mechanisms of injury. However, the participants were sampled
from a heterogeneous population across Canada. We could not
control for socioeconomic status, which has demonstrated as-
sociationswithdelayedpostinjuryrecovery.45 Similarly,wecould

not prove that symptoms were specific to concussion vs other
disorders with similar symptoms (eg, vestibular issues), possi-
bly contributing to delayed symptom improvement. Motivation
and/or pressure to return to sport, pubertal status, and hormonal
levels may influence the natural recovery trajectory. These vari-
ables were not adjusted for in our model but might have contrib-
uted to the adolescent sex differences observed. Future research
should investigate the association between additional variables
and sex-specific symptom change trajectory. Finally, the lack of
a control group did not allow us to definitively attribute ongo-
ing symptoms to the injury. Concussion symptoms can be non-
specific; a study46 on long-term neuropsychological recovery
demonstrated no differences between concussion and orthope-
dic injuries over time. However, other evidence suggests that
manifestation of symptoms is more frequent and severe after a
concussion47 compared with orthopedic injuries.48-50

Recovery is a multifaceted construct that includes symptom,
neurophysiological, and neuropsychological recovery. Each in-
dividual may have different recovery trajectories over time, and
neurophysiological abnormalities may persist beyond the clini-
calsymptomrecovery.51 Giventhisdifference,understandingthe
association between symptom change and time was deemed
more informative than between recovery and time. This study
only included self-rated clinical symptom recovery; therefore,
it is not representative of neurophysiological and neuropsycho-
logical recovery. Although self-reported clinical symptom
assessments are the most frequently used outcome measure for
concussion,7 theyaresubjectiveandcanbeasourceofbias.There
is no ideal score to measure symptom change and recovery over
time, but the PCSI is a valid and reliable scale and is a tool of the
National Institute of Neurological Disorders and Stroke and
Department of Defense Sport-Related Concussion Common Data
Elements.52 Future research should include validated objectives
(eg, neuroimaging and neuropsychological assessments) to in-
vestigate symptom change and recovery.

The clinical implications of identifying symptom change tra-
jectories by age and sex are important for effective management
decisions and preventive measures. Identifying at-risk children
at the right time and referring them for expedited treatment may
prevent persistent symptoms and promote faster recovery.
Between-sex differences in adolescents should be taken into con-
sideration for recovery definitions and management. Adolescent
girls may potentially benefit from individualized management
protocols, with the goal of promoting faster recovery. The cen-
tile curves herein provide an overview for primary care provid-
ers to compare how other children of the same age group and sex
have recovered, providing a better perspective to families and
children on recovery status.

Conclusions
Results of this study demonstrated that symptom improve-
ment primarily occurred in the first 2 weeks after injury in chil-
dren and in the first 4 weeks in preadolescents and male ado-
lescents. Female adolescent have protracted recovery. The
derived recovery curves could be used for evidence-based an-
ticipatory guidance.
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