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Activities and Participation in the First
6 Months After Mild Traumatic Brain
Injury in Children and Adolescents

M. Irene Renaud, PhD; Ingrid G. L. van de Port, PhD;
Coriene E. Catsman-Berrevoets, MD, PhD; Korné Jellema, MD, PhD;
Suzanne A. M. Lambregts, drs; Caroline M. van Heugten, PhD

Objective: To investigate the natural course of activities and participation of children up to 6 months after a
mild traumatic brain injury (mTBI). Methods: A prospective longitudinal cohort study with complete data sets
of 231 children diagnosed with mTBI and their caregivers. Main Measures: Activities and participation assessed
with the Child and Adolescent Scale of Participation (CASP) and the Children’s Assessment of Participation and
Enjoyment (CAPE) measured at 2 weeks, 3 months, and 6 months post-mTBI. Because of a ceiling effect, the
primary outcome measure (CASP) was divided into deviant (not maximum score) or full functioning. Results:
Friedman’s, Cochran’s Q, and McNemar’s tests (CASP) and repeated-measures analyses of variance (CAPE) showed
significant increases in activities and participation between 2 weeks and 3 and 6 months after mTBI. Based on the
parents’ perspective, 67% of the children returned to full functioning at 6 months postinjury, with only 38% of
the children describing themselves as functioning at their premorbid level. Discussion: Findings indicate that most
children return to maximum level of activities and participation over time after mTBI. In a substantial number of
children, however, the level of activities and participation at 6 months postinjury is evaluated as lower than that
of peers. The importance of investigating predictors for child and caregiver perspectives is emphasized. Key words:
activities and participation, children, domains, mild traumatic brain injury, outcome, settings
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TRAUMATIC BRAIN INJURIES (TBIs) are re-
ported to be the most common cause of dis-

ability or death in children, adolescents, and young
adults.1 Emergency departments in the United States
triage nearly half a million children with TBI annu-
ally, of which approximately 80% are of mild severity.2,3

The incidence of mild traumatic brain injury (mTBI) in
children between 6 and 18 years old in the emergency
department of Dutch hospitals is estimated to be 282
per 100 000 per year.4 While most children with mTBI
recover completely, approximately 20% suffer from a
variety of postconcussive symptoms up to 6 months
postinjury or longer.5–9 These children may experience
limitations in daily life activities and societal participa-
tion in the long term.10,11 Daily life activities and partic-
ipation can be considered in different domains such as
social, recreational, and sports and in different settings
such as at home, in school, or in the community. Both
terms are common within framework of the International
Classification of Functioning (ICF; World Health Organi-
zation). Activities and participation can be further con-
sidered from different perspectives such as the child’s
self-report or the parents/caregivers by proxy report.

The course of activities and participation after brain
injury has been investigated in several studies with mixed
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samples of persons with TBI and/or samples including
children with acquired brain injury (ABI) without differ-
entiating for mTBI.12–18 Only 2 studies investigated the
course of activities and participation over time in a sam-
ple of children with mTBI.19,20 In one study, children’s
activities and participation decreased during the first 3
months after injury and increased thereafter to full re-
covery up to 3 years postinjury.19 In the other study, par-
ticipation of children increased up to 12 months in sev-
eral activity domains such as recreational, active physi-
cal, and social activities but not in skill-based and self-
improvement activities.20 These studies were based on
caregiver reports only19 or lacked evaluation of participa-
tion in different settings such as at home, in school, and
in the community.20 Since children with TBI in general
seem to provide more positive evaluation of their level
of activities and participation than their caregivers, it is
important to consider both perspectives.21 Activities and
participation can be measured across settings and for sev-
eral activity domains, which may produce different pro-
files: a child may, for instance, have problems in social
activities but not in recreational activities and may par-
ticipate fully at home but not at school.22 Activities and
participation are very important for the development of
a child, since they help children acquire different skills
and competencies, grow physically and cognitively, de-
velop their own identity, and set their life goals.23 No
study has combined the investigation of the course of
activities and participation both in different settings and
for several activity domains, with respect to the percep-
tion of both the caregivers and the child in a large sample
of children with mTBI. Furthermore, it is unknown how
the course of activities and participation in different set-
tings and in several activity domains is related.

Therefore, the aim of this study was to assess the
course of activities and participation after mTBI longi-
tudinally in children in different settings and in several
activity domains, using both caregiver reports and self-
reports. We expected that activities and participation in
different settings and for several activity domains would
be lowest at 2 weeks after mTBI, increase up to 3 months,
and stabilize at 6 months postinjury. Furthermore, we
expected that children would evaluate their own level
of activities and participation more positively than their
caregivers would. Finally, we expected that the course
of activities and participation in different settings and
in several activity domains over time after mTBI in chil-
dren would be positively related.

METHODS

Design

This study is part of the larger Brains Ahead! study of
activities and participation of children after mTBI,11 ap-
proved by the medical ethics committee of Erasmus Uni-

versity Hospital and by all local committees of the par-
ticipating hospitals (MEC-2015-047, NL51968.078.14).
The Brains Ahead! study consists of a multicenter
prospective longitudinal cohort study with a nested ran-
domized controlled trial (RCT); the study design and
procedure are published in detail.11 In the RCT, the ef-
fect of an early psychoeducational intervention is eval-
uated in comparison with usual care. As the goal of
the current analysis is to examine natural recovery af-
ter childhood mTBI, participants randomized into the
intervention group of the RCT were excluded from the
current analysis.

Setting

All children aged 6 to 18 years who presented with
mTBI at the emergency departments of 8 Dutch hospi-
tals between May 2015 and December 2017 and their
caregiver(s) were eligible for participation.

Participants

Children were included if they sustained an mTBI
according to the criteria of the American Congress of
Rehabilitation Medicine and the World Health Orga-
nization Collaborating Centre for Neurotrauma Task
Force on Mild Traumatic Brain Injury.24 Exclusion cri-
teria were as follows: (1) having a previous objectified
head trauma, (2) having progressive neurological prob-
lems or disease, (3) attending a day care center or school
for cognitively impaired children, and (4) having in-
sufficient knowledge of the Dutch language (child or
caregivers) to be able to respond to questions. The care-
givers were defined as parents or guardians. There were
no further exclusion criteria for caregivers.

Procedure

After written informed consent was obtained, the
baseline measurement (T0) was scheduled at 2 weeks
postinjury. Further measurements took place at 3 (T1)
and 6 (T2) months postinjury. All measurements were
administered at the participant’s home in the presence
of the researcher who gave instructions, prevented miss-
ing data as much as possible by checking the filled out
questionnaires, and prevented false respondent bias by
ensuring the child and the caregiver filled out the ques-
tionnaires independently.

Measures

All instruments have sound psychometric properties
and are recommended for evaluating activities and par-
ticipation after childhood brain injury.22,25–29

Several demographic (eg, child’s gender, age of the
child at injury, parental socioeconomic status [SES],
and preinjury behavioral functioning of the child) and
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injury-related (eg Glasgow Coma Scale [GCS] score, loss
of consciousness [LOC], posttraumatic amnesia [PTA],
and cause of injury) variables were collected from the
patient files and at T0. The Child Behavior Checklist
(CBCL) was filled out on preinjury functioning at base-
line (T0). The CBCL is a 113-item questionnaire that
measures cognitive and behavioral problems and skills
in children on a 3-point scale: 0, never; 1, sometimes; or 2,
often.25 The CBCL provides a Total Behavior Problem
Score (T = 50, SD = 15). For the Total Scale, a score of
more than 60 can be considered impaired (61-69, mildly
impaired; >70, severely impaired).25

Child and Adolescent Scale of Participation

Levels of activities and participation were measured
in different settings with the Child and Adolescent Scale
of Participation (CASP caregiver and CASP self-report).
The CASP is a 20-item questionnaire designed specif-
ically to measure participation in children with ABI,
according to the components of the International Clas-
sification of Functioning, Disability and Health for Children
and Youth (ICF-CY).22,26,30 The CASP can be filled out
by caregivers for children aged 6 to 18 years, and the self-
report can be filled out by children aged 10 to 18 years.
The CASP items are added to obtain a total score. In ad-
dition, the items are categorized to obtain subscores for
the following settings: home, community, school, and
environment. The CASP is scored on a 4-point scale:
1, age-appropriate; 2, slightly impaired; 3, heavily im-
paired; and 4, not capable. Summary scores are created
by summing the item responses, dividing this number
by the maximum possible score, and multiplying this
number by 100 to conform to a 100-point scale. The
total score range is therefore 25 to 100, with a higher
score representing better outcome. Missing and “not ap-
plicable” scores were not included in the scoring.

Children’s Assessment of Participation and Enjoyment

Levels of activities and participation were measured
and for several domains of activities with the Children’s
Assessment of Participation and Enjoyment (CAPE self-
report). The CAPE is a 55-item questionnaire that can
be filled out by children aged 6 to 18 years. It measures
diversity in recreational (12 items), active physical (13
items), social (10 items), skill-based (10 items), and self-
improvement activity (10 items) domains and can be
scored in binary fashion as follows: 0, the activity was
not performed; or 1, the activity was performed.27,28 The
total score range is 0 to 55, with higher scores indicating
more participation in activities. The range per activity
domain differs: recreational (0-12), physical activity (0-
13), and social, skill-based, and self-improvement (0-10).
Diversity in activity domains measured with the CAPE
differs on the basis of the child’s age, with certain CAPE

items being more age-appropriate for younger children
(eg, playing with toys) and other items being more age-
appropriate for older children (eg, having a paid job).
Therefore, participants are not expected to score a maxi-
mum of 55 on the CAPE.28 In this study, the CAPE was
filled out about the performed activities from the time
since injury up to T0, and at T1 and T2 it was filled out
about the performed activities in the month prior to the
measurement.

Statistical analysis

Descriptive statistics were used to describe baseline
variables and outcomes. Means (standard deviations
[SDs]) or medians (ranges) were reported depending on
the distribution of the data.

Since outcome data on activities and participation for
the CASP caregiver and CASP self-report were not nor-
mally distributed, Friedman’s tests were used to investi-
gate the course of activities and participation in different
settings over time postinjury (ie, 2 weeks and 3 and 6
months after mTBI). Since a ceiling effect on the CASP
can be suspected, and because scores on the CASP are
given on the basis of the child’s functioning with re-
gard to the injury and in comparison with age-related
peers, we dichotomized the total and setting scores of
the CASP into the following: 0, deviant functioning (any
score below 100); and 1, full functioning in comparison
with their healthy/noninjured age-related peers.15,22,26

The dichotomized scores were examined over time with
Cochran’s Q tests and McNemar’s tests (significant level
set at P < .05).

Outcome data on activities and participation in sev-
eral activity domains over time postinjury, measured
with the CAPE, were normally distributed and therefore
analyzed with repeated-measures analysis of variance. If
a significant difference (P < .05) was found between
the 3 time points, Wilcoxon’s signed-rank test (signifi-
cant level set at P < .05) for CASP scores and Levene’s
test with Bonferonni correction (LSD P value for signif-
icance <.0167) for CAPE scores were used to determine
changes over time.11,31

To examine whether children evaluate their own lev-
els of activities and participation more positively than
their caregivers, comparisons between caregivers and
children were made for CASP reports of children aged
10 to 18 years with Wilcoxon’s signed-rank tests and
with McNemar’s tests for the dichotomized data.

The relation between the course of activities and par-
ticipation in different settings (CASP) and the course of
domains (CAPE) over time after mTBI was examined
with correlation coefficients (Spearman ρ) at T0, T1, and
T2 and for the change score between T0 and T2 for the
CASP and the CAPE. Because the CAPE was filled out
by children and not by caregivers and the self-report of
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the CASP was filled out by children aged 10 to 18 years
and not by younger children, we used only the data sets
of children aged 10 to 18 years to examine this relation-
ship. We considered correlation coefficients to be weak
if less than 0.3, moderate if between 0.3 and 0.5, and
strong if more than 0.5 (significant level set at P < .05).32

Since there was a small number (N = 10) of partici-
pants with incomplete data (eg, dropped out of the study
or skipped a measurement due to holiday), we decided
to work only with complete data sets. Statistical analyses
were performed using IBM SPSS Statistics for Windows,
version 24.0.

RESULTS

Sample characteristics

A total of 698 children with mTBI were considered for
participation in the study, of whom 140 were excluded
on the basis of the exclusion criteria (see Figure 1). Fur-
thermore, a total of 257 persons did not participate, of
which the vast majority (n = 168) could not be reached.
Finally, 60 participants who received the Brains Ahead!
intervention were excluded from the analyses. Complete
data sets were available for 231 children.

Sociodemographic, injury-related, and preinjury char-
acteristics showed that the sample consisted of more
boys than girls and the mean age was 11.4 years (see

Table 1). The vast majority of the sample presented a
high SES and normal preinjury behavioral functioning.
Most children sustained mTBI due to sports and traffic
accidents, scored a GCS score of 15 and a PTA of less
than 1 hour, and about half of the sample experienced
LOC.

The course of activities and participation over time
after mTBI in different settings

Descriptive results indicated that the scores on the
CASP increased for total and domain scores over time
postinjury (see Table 2). Friedman’s tests showed that
the increase in scores on the CASP between T0 and
T2 was significant (P < .000) for total and all domain
scores. Wilcoxon’s signed-rank tests revealed that total
and all domain CASP scores increased significantly (P <

.000) between T0 and T1 and between T0 and T2 but not
between T1 and T2 except for total activities based on
CASP caregiver results for children aged 6 to 18 years
(P = .049) and for activities at home based on CASP
caregiver results for children aged 6 to 18 years (P =
.001) and for children aged 10 to 18 years (P = .023) (see
the Appendix).

Analyses of the dichotomized CASP scores showed
that at T0, between 5.2% and 25.5% (depending on the
perspective chosen) of the participants scored a maxi-
mum total CASP score (see Table 3). At T1, between

Figure 1. Flow of participants. ER indicates emergency department.
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TABLE 1 Sociodemographic and
injury-related characteristics (N = 231)

Characteristics n (%) Mean (SD)

Demographics
Child gender: male 151 (65.4)
Child age at injury in

years
231 (100) 11.4 (3.3)

Range (Min-Max) 6-17
SES

Low 53 (22.9)
Average 41 (17.7)
High 137 (59.3)

Preinjury behavioral
functioninga

50 (10)

Normal score 192 (83.1)
Mild impaired 29 (12.6)
Severe impaired 10 (4.3)

Injury-related
GCS score

13 8 (3.5)
14 37 (16.0)
15 186 (80.5)

LOC duration
None 117 (50.6)
<2 min 69 (29.9)
2-5 min 33 (14.3)
>5 min 12 (5.2)

PTA duration
None 50 (21.6)
<1 h 120 (51.9)
1-2 h 18 (7.8)
2-6 h 30 (13.0)
6-12 h 5 (2.2)
12-18 h 1 (0.4)
18-24 h 7 (3.0)

Cause of injury
Sports accident 72 (31.2)
Traffic accident 68 (29.4)
Outdoor play

accident
48 (20.8)

Accident at
school/work

22 (9.5)

Accident at home 13 (5.6)
Physical abuse 5 (2.2)
Other 2 (0.9)

Abbreviations: GCS, Glasgow Coma Scale; LOC, loss of con-
sciousness; PTA, posttraumatic amnesia; SES, caregiver’s so-
cioeconomic status.
aMeasured at baseline; behavioral functioning with the Child Be-
havior Checklist T-scores.

39.4% and 61.9% and at T2 between 36.1% and 66.2%
reached the maximum score. Cochran’s Q tests showed
that the number of children with full functioning scores
on the CASP increased significantly (P < .000) over time
postinjury for all total and domain scores (see Table 4).
McNemar’s tests revealed that the number of children
with full functioning scores on the CASP increased sig-
nificantly (P < .000) for all total and domain CASP
scores between T0 and T1 and between T0 and T2 but

not between T1 and T2 except for activities at home (P =
.001) and in the community (P = .024) according to
CASP caregiver results for children aged 6 to 18 years
(see Table 4).

The course of activities and participation in several
activity domains over time post-mTBI

Descriptive results indicate that the scores on the
CAPE increased for total and domain scores over time
postinjury (see Table 5). Repeated-measures analyses of
variance showed a significant increase in the CAPE score
over time between T0 and T2 for all total and domain
scores (see Table 6). Post hoc analyses showed that all to-
tal and domain CAPE scores increased significantly (P <

.000) between T0 and T1 and between T0 and T2 but
not between T1 and T2 except for recreational activities,
where a significant (P = .005) decrease was reported.

Comparisons between caregivers’ reports and
children’s self-reports on activities and participation
in different settings

Table 3 shows that, with regard to caregiver reports for
children aged 10 to 18 years, 63.9% followed a course
with complete recovery at T2, while with regard to the
CASP self-report, only 36.1% did so. Wilcoxon’s signed-
rank tests for continuous data and McNemar’s tests for
dichotomized data revealed that caregivers tend to score
their child’s total activities and participation level more
positively than the children themselves at T0 (z = −3.84,
P < .000, and χ2

155 = 16.69, P < .000), at T1 (z = −5.36,
P < .000, and χ2

155 = 17.65, P < .000), and at T2 (z =
−6.34, P < .000, and χ2

155 = 32.07, P < .000).

The relation of the course of activities and
participation in different settings with the course of
activities and participation in activity domains

Activities and participation in different settings
(CASP) and several activity domains (CAPE) for chil-
dren aged 10 to 18 years were measured at 3 time points.
There was a significant moderate positive correlation
(rs = 0.345, P < .000) at T0, a nonsignificant weak posi-
tive correlation (rs = 0.156, P = .052) at T1, and a non-
significant weak positive correlation (rs = 0.116, P =
.151) at T2. Change scores showed a mean difference of
11.81 (SD = 16.46; range, −58.75 to 61.25) for scores
on the CASP self-report for children aged 10 to 18 years
between T0 and T2 and a mean difference of 5.89 (SD =
5.78; range, −13.00 to 26.00) for scores on the CAPE
for children aged 10 to 18 years between T0 and T2.
Correlation coefficients (Spearman ρ) of these change
scores showed a significant weak positive correlation be-
tween the change score of activities and participation in
different settings and the change score of activities and
participation in activity domains (rs = 0.287, P < .000).
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TABLE 2 Outcome on activities and participation in different settings over time
post-mTBI

T0 T1 T2

Median Median Median Friedman
CASP Setting (Range) (Range) (Range) χ2 P Kendall’s W

Caregiver report 6-18 (N = 231)
Total 93.75 100.00 100.00 182.16 0.394

(82.50-100.00) (97.50-100.00) (98.68-100.00) <.000
At home 95.83 100.00 100.00 126.86 0.275

(87.50-100.00) (100.00-100.00) (100.00-100.00) <.000
In the community 93.75 100.00 100.00 140.09 0.303

(75.00-100.00) (100.00-100.00) (100.00-100.00) <.000
At school 95.00 100.00 100.00 148.36 0.321

(85.00-100.00) (100.00-100.00) (100.00-100.00) <.000
In the environment 95.00 100.00 100.00 121.44 0.263

(80.00-100.00) (95.00-100.00) (95.00-100.00) <.000
Caregiver report 10-18 (N = 155)

Total 91.25 100.00 100.00 129.87 0.419
(81.25-98.75) (97.50-100.00) (97.50-100.00) <.000

At home 95.83 100.00 100.00 96.51 0.311
(87.50-100.00) (100.00-100.00) (100.00-100.00) <.000

In the community 87.50 100.00 100.00 101.01 0.326
(75.00-100.00) (100.00-100.00) (100.00-100.00) <.000

At school 95.00 100.00 100.00 107.03 0.345
(80.00-100.00) (100.00-100.00) (100.00-100.00) <.000

In the environment 90.00 100.00 100.00 96.39 0.311
(75.00-100.00) (95.00-100.00) (95.00-100.00) <.000

Self-report 10-18 (N = 155)
Total 87.50 97.50 97.50 116.11 0.375

(75.00-93.75) (92.50-100.00) (93.75-100.00) <.000
At home 87.50 100.00 100.00 92.99 0.300

(79.17-95.83) (91.67-100.00) (95.83-100.00) <.000
In the community 81.25 100.00 100.00 95.12 0.307

(66.67-93.75) (93.75-100.00) (93.75-100.00) <.000
At school 90.00 100.00 100.00 122.53 0.395

(75.00-100.00) (95.00-100.00) (100.00-100.00) <.000
In the environment 85.00 100.00 95.00 80.73 0.260

(70.00-95.00) (90.00-100.00) (90.00-100.00) <.000

Abbreviations: CASP, Child and Adolescent Scale of Participation; mTBI, mild traumatic brain injury; T0, 2 weeks post-mTBI; T1, 3
months post-mTBI; T2, 6 months post-mTBI.

DISCUSSION

The present study identified a general improvement
in activities and participation in different settings and
for several activity domains during the first 6 months
after childhood mTBI. In accordance with our expecta-
tions, the level of activities and participation was lowest
at 2 weeks postinjury, increased up to 3 months postin-
jury, and stabilized up to 6 months postinjury in most
settings and activity domains. Strikingly, caregivers eval-
uated their child’s level of activities and participation
in different settings more positively than the evaluation
of the children themselves. The course of activities and
participation over time after mTBI in different settings
and on several activity domains was, in accordance with
our expectations, positively correlated.

Explanations of the findings

The finding that activities and participation improve
over time after mTBI is largely in agreement with pre-
vious findings.12,13 We found that in most settings, the
level of activities and participation stabilized between 3
and 6 months postinjury. Caregivers, however, reported
that the level of activities and participation of their child
at home had increased significantly between 2 weeks and
3 months as well as between 3 and 6 months postinjury.
The notion that caregivers may set higher priorities for
returning to school and resuming activities in the com-
munity than resuming activities at home (eg, cleaning
their room) may explain the further improvement in
this setting after 3 months postinjury. Although activi-
ties and participation improve over time, it was found
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TABLE 3 Full or deviant outcome on activities and participation in different settings
over time post-mTBI

T0 T1 T2

CASPa Setting
Deviant,

n (%) Full, n (%)
Deviant,

n (%) Full, n (%)
Deviant,

n (%) Full, n (%)

Caregiver report 6-18 (N = 231)
Total 172 (74.5) 59 (25.5) 88 (38.1) 143 (61.9) 78 (33.8) 153 (66.2)
At home 118 (51.1) 113 (48.9) 51 (22.1) 180 (77.9) 28 (12.1) 203 (87.9)
In the community 129 (55.8) 102 (44.2) 50 (21.6) 181 (78.4) 34 (14.7) 197 (85.3)
At school 122 (52.8) 109 (47.2) 38 (16.5) 193 (83.5) 30 (13.0) 201 (87.0)
In the environment 135 (58.4) 96 (41.6) 62 (26.8) 169 (73.2) 60 (26.0) 171 (74.0)

Caregiver report 10-18 (N = 155)
Total 124 (80.0) 31 (20.0) 63 (40.6) 92 (59.4) 56 (36.1) 99 (63.9)
At home 88 (56.8) 67 (43.2) 34 (21.9) 121 (78.1) 22 (14.2) 133 (85.8)
In the community 96 (61.9) 59 (38.1) 37 (23.9) 118 (76.1) 29 (18.7) 126 (81.3)
At school 90 (58.1) 65 (41.9) 27 (17.4) 128 (82.6) 22 (14.2) 133 (85.8)
In the environment 98 (63.2) 57 (36.8) 42 (27.1) 113 (72.9) 43 (27.7) 112 (72.3)

Self-report 10-18 (N = 155)
Total 147 (94.8) 8 (5.2) 94 (60.6) 61 (39.4) 99 (63.9) 56 (36.1)
At home 123 (79.4) 32 (20.6) 58 (37.4) 97 (62.6) 59 (38.1) 96 (61.9)
In the community 123 (79.4) 32 (20.6) 62 (40.0) 93 (60.0) 53 (34.2) 102 (65.8)
At school 105 (67.7) 50 (32.3) 41 (26.5) 114 (73.5) 31 (20.0) 124 (80.0)
In the environment 123 (79.4) 32 (20.6) 74 (47.7) 81 (52.3) 80 (51.6) 75 (48.4)

Abbreviations: CASP, Child and Adolescent Scale of Participation; mTBI, mild traumatic brain injury; T0, 2 weeks post-mTBI; T1, 3
months post-mTBI; T2, 6 months post-mTBI.
a1 = maximum score (100.00) on the CASP representing full recovery; 0 = score (<100.00) on the CASP representing deviant
functioning.

that between 33.8% and 63.9% of the children with
mTBI still participate less in than their peers did at 6
months postinjury. The difference in percentages was
explained by the chosen perspective, resulting in a more
positive evaluation of the child’s level of activities and
participation from the caregivers’ perspective than from
the children’s perspective for children aged 10 to 18
years. This finding does not accord with findings from
another study, in which children seemed to evaluate
their level of activities and participation higher in than
their caregivers,21 but this mixed-sample study did not
differentiate for mTBI. An explanation for the more pos-
itive evaluation of the parents could be that they mostly
observe their children at home while more complex ac-
tivities are required at school. It is possible that mTBI
affects the more complex activities to a greater extent.

Concerning child motivation, we observed that high
school–aged children seemed less motivated and used
the injury more often as an excuse in comparison with
elementary school–aged children, who preferred to re-
turn to activities and participation as soon as possible
after the injury. Child motivation is one of the facil-
itating factors for good participation after TBI.33 Our
observation is in line with general behavior in puberty,
during which less motivation for things that have to
be done (eg, homework, dishes) is more common than
in younger children. Another explanation may be that

younger children spend more time with their parents
than do older children. For younger children, caregivers
may therefore have a more complete view of their child’s
functioning than their view of older children who com-
monly spend more time with peers. Caregivers may as-
sume that their older child has successfully returned to
activities and participation in all settings, because they
are doing so at home, while the child may experience
that, for example, at school, participation is more diffi-
cult due to problems with concentrating.

Strengths and limitations

This study has several strengths. First, we examined
a large population of children with mTBI and evalu-
ated children of all school ages (6-18 years) as well as
their caregivers. Second, the outcome instruments used
in this study were based largely on the ICF-CY and
recommended by the interagency Pediatric Outcome
Workgroup.29

Some limitations, however, must be acknowledged.
First, as children and adolescents with mTBI were re-
cruited from emergency departments, our sample may
not be representative of the larger population, as this
excludes those who do not receive acute medical care.
Population research is needed to find out how these chil-
dren function on the level of activities and participation.
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TABLE 4 Cochran’s Q tests and McNemar’s tests for outcome on activities and
participation in different settings over time post-mTBIa

T0 vs T1 T1 vs T2 T0 vs T2

Cochran’s Q χ2 P χ2 P χ2 P
CASP Setting P ORb ORb ORb

Caregiver report 6-18 (N = 231)
Total 116.73 68.89 1.35 75.87

<.000 <.000 .245 <.000
5.754 6.374 2.349

At home 101.69 41.49 10.30 74.73
<.000 <.000 .001 <.000

1.865 4.583 2.920

In the community 114.98 56.86 5.11 74.15
<.000 <.000 .024 <.000

3.170 10.296 1.675
At school 123.68 71.76 1.11 73.94

<.000 <.000 .292 <.000
5.720 6.846 1.833

In the environment 88.37 55.74 .02 54.22
<.000 <.000 .892 <.000

7.543 7.559 4.684
Caregiver report 10-18 (N = 142)

Total 83.11 49.32 .80 53.44
<.000 <.000 .371 <.000

3.545 5.468 1.816
At home 78.89 35.11 3.78 55.59

<.000 <.000 .052 <.000
1.302 6.055 2.969

In the community 81.98 42.58 1.53 51.25
<.000 <.000 .216 <.000

1.917 7.508 1.462
At school 92.67 51.25 0.552 54.74

<.000 <.000 .458 <.000
2.993 5.686 1.657

In the environment 66.26 44.49 0.00 37.87
<.000 <.000 1.000 <.000

4.935 4.819 2.028
Self-report 10-18 (N = 142)

Total 59.06 47.44 0.28 36.82
<.000 <.000 .596 <.000

5.018 2.531 .574
At home 80.80 50.57 0.00 49.61

<.000 <.000 1.000 <.000
2.055 5.265 2.125

In the community 81.33 44.44 1.56 51.75
<.000 <.000 .212 <.000

1.611 7.123 .990
At school 93.90 49.61 2.13 60.56

<.000 <.000 .144 <.000
2.406 5.060 1.820

In the environment 43.29 32.45 0.46 24.16
<.000 <.000 .496 <.000

2.005 3.542 1.270

Abbreviations: CASP, Child and Adolescent Scale of Participation; mTBI, mild traumatic brain injury; T0, 2 weeks post-mTBI; T1, 3
months post-mTBI; T2, 6 months post-mTBI.
aExact sig. (2-tailed)
bMantel-Haenszel common odds ratio estimate.
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TABLE 5 Outcome on activities and participation for several activity domains over time
post-mTBI (N = 231)

CAPE Domain T0, mean (SD) T1, mean (SD) T2, mean (SD)

Total 15.93 (5.45) 22.77 (5.27) 21.92 (5.03)
Recreational 5.50 (2.27) 6.74 (2.50) 6.39 (2.45)
Active physical 1.55 (1.27) 2.55 (1.07) 2.61 (1.16)
Social 3.54 (1.74) 5.67 (1.61) 5.50 (1.83)
Skill-based 0.98 (1.15) 1.87 (1.29) 1.68 (1.28)
Self-improvement 3.23 (1.50) 4.25 (1.63) 4.13 (1.63)

Abbreviations: CAPE, Children’s Assessment of Participation and Enjoyment; mTBI, mild traumatic brain injury; T0, 2 weeks post-mTBI;
T1, 3 months post-mTBI; T2, 6 months post-mTBI.

Second, a relatively large number of children who were
eligible for participation in the study could not be
reached, which influences the external validity. From
the number of eligible participants who were reached,
however, almost 80% chose to participate. In checking
whether the children in the intervention group (n =
60) differed in terms of baseline characteristics from
the control group in our intervention study, no sig-
nificant differences were found. Our ethics regulations
do not permit us to collect data on excluded partici-
pants and therefore we cannot test differences for this
group. Third, neuroimaging findings of our sample are
not available because these data are not gathered sys-
tematically at the emergency departments, leading to
many missing data points.4 A direct comparison with
other studies on the proportion of children with com-
plicated/uncomplicated mTBI could not be made. How-
ever, for the purposes of the present study, these data
are less relevant because they have not been found to
predict outcome on the level of activities and participa-
tion in children with brain injury of mixed severity and
etiology. Finally, children with histories of learning dis-
ability, attention-deficit/hyperactivity disorder, or sim-
ilar problems are known to be at a relatively increased

risk for suboptimal outcomes. These conditions were
not taken as exclusion criteria. However, we measured
preinjury behavioral functioning with the CBCL (see
Table 1) and only 4.3% were severely impaired before
the injury.

Added value and recommendations

This study adds to the literature on the ceiling effect
of the CASP. For a better understanding, we recom-
mend using dichotomized scores to interpret results.
The CASP seems to be a reliable instrument to assess
activities and participation in children with more severe
head injuries but may not be the most sensitive measure
for children with mTBI. Recently, it was shown that the
CASP is responsive to change over time, particularly in
more severe TBI.19 Validated instruments to measure ac-
tivities and participation in children with pediatric TBI,
or even mTBI, are scarce. Although the CAPE was val-
idated in children with physical disabilities, it has also
been used in studies on children with ABI before.20,34

We were the first to use the CAPE in children with
mTBI specifically and therefore reference material is cur-
rently lacking. Our detailed description of data in a large

TABLE 6 Repeated-measures analysis of variance and post hoc analyses for outcome on
activities and participation for several activity domains over time post-mTBI (N = 231)

CAPE domain RMA Post hoc test (Bonferroni correction)

dfM dfR F P ηp
2 T0 vs T1, P T1 vs T2, P T0 vs T2, P

Total 1.82 417.50 218.06 <.000 0.487 <.000 .054 <.000
Recreational 1.97 451.95 56.21 <.000 0.196 <.000 .005 <.000
Active physical 1.85 425.60 98.15 <.000 0.299 <.000 1.000 <.000
Social 1.87 429.43 191.71 <.000 0.455 <.000 .295 <.000
Skill-based 1.95 447.81 54.44 <.000 0.191 <.000 .075 <.000
Self-improvement 1.98 455.48 47.27 <.000 0.170 <.000 .862 <.000

Abbreviations: CAPE, Children’s Assessment of Participation and Enjoyment; mTBI, mild traumatic brain injury; ηp2, partial eta squared;
RMA, repeated-measures analysis of variance; T0, 2 weeks post-mTBI; T1, 3 months post-mTBI; T2, 6 months post-mTBI.
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sample adds to the existing knowledge base, and since
the CAPE could discriminate levels of activities and par-
ticipation in several activity domains over time, we be-
lieve that this supports use of the instrument in a pe-
diatric mTBI sample. In addition, to the best of our
knowledge, better instruments to assess activities and
participation in children after mTBI do not yet exist.
We emphasize the importance of developing an instru-
ment that is more sensitive in distinguishing levels of
activities and participation among children with mild
brain injuries. The use of such an instrument in clinical
settings could be restricted to those who do not return to
normal or preinjury levels of activities and participation,
after its capacity for discrimination is established. In ad-
dition, in order to restrict the use of such an instrument
to those who will not return to normal or preinjury lev-
els and who may need early interventions, information
on predictors is needed. Predictors of outcome in terms
of activities and participation have also not been studied
for children with mTBI specifically.

CONCLUSION

This is the first large-sample, prospective, longitudi-
nal study of a homogeneous sample of children with
only mTBI. Activities and participation were found to
increase over time in different settings and for several ac-
tivity domains after mTBI in children. For a substantial
number of children, however, the levels of activities and
participation at 6 months post-mTBI fell below those
of peers. Future studies should investigate predictors for
activities and participation to provide insight into those
children who are at risk for long-term problems and
who may benefit from early interventions. Furthermore,
population research is needed because at this point we
only have information on those children with mTBI
who were admitted to the emergency departments of
hospitals. Since outcomes for activities and participa-
tion differ between the perspective of the caregiver and
the child, and across domains and settings, we empha-
size the importance of investigating predictors from all
perspectives.
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APPENDIX. Wilcoxon’s Signed-Rank Test for Outcome on Activities and Participation in Different
Settings Over Time PostmTBI

T0 vs T1 T1 vs T2 T0 vs T2

CASP Setting z P z P z P

Caregiver report 6-18 (N = 231)
Total −10.09 −1.969 −10.303

<.000 .049 <.000
At home −7.858 −3.412 −8.940

<.000 .001 <.000
In the community −8.854 −0.489 −8.806

<.000 .625 <.000
At school −8.589 −1.709 −8.964

<.000 .088 <.000
In the environment −8.720 −0.732 −8.591

<.000 .464 <.000
Caregiver report 10-18 (N = 155)

Total −8.474 −1.396 −8.743
<.000 .163 <.000

At home −6.785 −2.269 −7.632
<.000 .023 <.000

In the community −7.420 −0.157 −7.584
<.000 .876 <.000

At school −7.318 −1.617 −7.661
<.000 .106 <.000

In the environment −7.683 −0.718 −7.606
<.000 .473 <.000

Self-report 10-18 (N = 155)
Total −8.838 −0.020 −8.635

<.000 .984 <.000
At home −7.612 −0.140 −7.358

<.000 .889 <.000
In the community −8.004 −0.179 −7.459

<.000 .858 <.000
At school −7.859 −1.618 −7.841

<.000 .106 <.000
In the environment −7.245 −0.014 −7.037

<.000 .989 <.000

Abbreviations: CASP, Child and Adolescent Scale of Participation; mTBI, mild traumatic brain injury; T0, 2 weeks post-mTBI; T1, 3
months post-mTBI; T2, 6 months post-mTBI.
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