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Participation Seven Years after Severe Childhood Traumatic Brain Injury:

Abstract
Purpose: Participation in home, school and community activities is considered as the
ultimate aim of rehabilitation. The aims of this study were to examine participation
seven years post-severe childhood traumatic brain injury and factors associated with
participation.
Materials and methods: Participants were enrolled in the Traumatisme Grave de
[’Enfant (Severe Childhood Injury) cohort study following severe accidental childhood
traumatic brain injury. Participation seven years post-injury, was examined using
parent- and self-report forms of the Child and Adolescent Scale of Participation among
37 patients [62% males, mean age 15.4 years (SD=4.4), mean length of coma 6.68 days
(SD=4.96)] and 33 matched controls.
Results: Parent reports indicated significantly lower participation among patients
compared to controls, but the self-reports did not. In the traumatic brain injury group,
parent-reported participation was variable, with 22% of the patients clearly showing
greater restrictions than controls. Participation restrictions were significantly associated
with injury severity, poor functional outcome one-year post-injury, executive and
behavioral difficulties and higher fatigue levels seven years post-injury, but not with
pre-injury nor family factors.
Conclusions: Several years after severe childhood traumatic brain injury, participation
appears to depend more on injury-related factors than on environmental factors. In self-
reports assessments of participation, it could be difficult for children and adolescents to
distinguish capacity from performance.
Keywords: participation, severe traumatic brain injury, outcome, child, prospective

cohort study



Introduction

Traumatic brain injury (TBI) is a global public health concern. The worldwide incidence of
pediatric TBI ranges from 47 to 280 per 100 000 children in most reports. Severe pediatric
TBI, defined by a Glasgow Coma Scale (GCS) score < 8, accounts for 3% to 7% of all
pediatric TBIs, and is much less frequent than mild TBI (GCS >13), which accounts for more
than 80% of pediatric TBIs [1].

Several investigations report chronic social impairment after severe pediatric TBI, since the
brain regions involved in social cognition are often the most impacted after head trauma [2,3].
According to a systematic review of the literature, only children and adolescent survivors of
moderate-to-severe TBI (but not mild TBI) present an elevated risk of social dysfunction [4].
Psychosocial outcome was found to be better after mild compared to moderate-severe TBI
[5], or after moderate compared to severe TBI [3,6].

Children with severe TBI demonstrate selective, long-term deficits in their social problem-
solving skills, associated with poor social and academic outcomes [7], social withdrawal [8],
reduced social cognition related to diffuse neuropathology and parietal lesions [9], poor
adaptive functioning linked to deficits in fluid reasoning and processing speed deficits [10],
social impairment associated with cognitive control deficits [11], higher risk of peer
victimization [12], or reduced leisure time in physical activity related to balance deficits [13].
Social outcome after severe TBI depends on injury-related characteristics, as well as
environmental factors, and there is some debate about their respective role. Some studies
suggest that social impairment after pediatric TBI is mainly related to environmental factors,
such as family functioning, and less to injury factors, such as severity [14-16]. In contrast,
other reports indicate that psychosocial outcome following severe pediatric TBI may be less
responsive to environmental factors (family resources and stressors) than mild-to-moderate

pediatric TBI [17,18].



Participation has been considered as the ultimate aim of rehabilitation [19,20], and its
measurement after pediatric TBI has been recommended [21]. Nevertheless, there is some
debate about how participation should be defined and conceptualized for individuals with
disabilities, and particularly for children with disabilities. The International Classification of
Functioning, Disability and Health (ICF) [22] defines participation as “involvement in a life
situation”, and participation restrictions as “problems an individual may experience in
involvement in life situations”. These definitions do not clearly differentiate activity from
participation. For Whiteneck and Dijkers [23], activities are the functional performances of
an individual in isolation (individual functioning), while participation is a relational concept
(societal functioning). Self-care, for instance (e.g. toileting, dressing, eating), includes
activities that would not be regarded as social [24]; conversely, interpersonal interactions,
maintaining relationships and generating social roles add up to participation. It should be
noted, however, that self-care itself can imply a relational aspect (with caregivers) when an
individual is unable to perform certain self-care activities as a consequence of age, in the case
of very young children, as noted by Coster and Khetani [25], or severe impairment. Thus,
inability to perform self-care activities might be conceptualized as negative participation. For
these authors [25], the distinction between activity and participation calls on complex
concepts rather than on the mere presence or absence of a relational aspect: activities are
specific tasks and actions that are simpler than “life situations”, which are “sets of organized
sequences of activities directed toward a personally or socially meaningful goal” (pp. 643).
There is more agreement for a distinction between capacity: what a child can do in an ideal
environment, and performance: what a child actually does in his/her environment [24].
Differences between capacity and performance can arise from environmental and personal
factors. Environmental factors include availability of products and technology, barriers and

facilitators in natural and human-made environment, support and relationships, attitudes, and



services and policies; personal factors include idiosyncratic preferences and choices [20,26].
Further to this, objective indicators of participation should be distinguished from subjective
aspects of participation, which relate to the meaning and the importance attached by an
individual to participation in particular life situations. These subjective aspects include the
sense of belonging and satisfaction with life situations, and have been considered to be
aspects of Quality of Life [25]. Finally, according to McConachie [24], measuring
participation among disabled children needs to consider their dependency on the family and
their changing abilities and autonomy as they grow older.

Overall, the above considerations suggest that participation has multiples determinants: (i)
individual factors determining capacity, such as physical and cognitive impairments; (ii)
individual factors affecting performance in the absence of incapacity, such as psychological
and behavioral factors deriving from attitudes, preferences and choices; (iii) family-related
factors, especially among young children; and (iv) other environmental and cultural factors.
Among the proposed measures of participation, Bedell and Coster [19] distinguish (i)
measures that explicitly assess participation, such as the Children’s Assessment of
Participation and Enjoyment (CAPE), the participation subscale of School Function
Assessment (SFA), the Assessment of Life Habits for Children (LIFE-H), and the Child and
Adolescent Scale of Participation (CASP); (ii) subsections in other measures that implicitly
assess participation, such as the Vineland Adaptive Behavior Scales, the Child Behavior
Checklist (CBCL), and the Child Health Questionnaire (CHQ); and (iii) tailored or
personalized measures assessing person-centered or intervention-specific goals and/or
measures using observation and interviews.

The present study used the CASP, which includes four subsections: participation at home, in
the neighborhood and community, at school, and in home and community living activities

[27,28]. An important question is whether or not participation, as measured with the CASP,



should be considered as a unidimensional trait that can be assessed by a single score. Overall,
studies using the CASP were in favor of a relatively strong unidimensional structure.
However, the findings pertaining to the exploration of possibly distinct dimensions varied
across studies, and seemed to depend strongly on differences in the samples explored:
exclusively children and young people with disabilities, or participants with and without
disabilities; differences in the disabilities’ severity level; proportions of participants with
ceiling ratings for participation; and proportions of participants with communication
difficulties, mobility restrictions, cognitive deficits, among others [27-35].

Assessments of participation could be more appropriate when children are questioned directly
[24]. The CASP proposes a self-report version in addition to the parental report. The factorial
structure of the two reports was similar and the young people reported significantly higher
levels of activity/participation than did their parents [36].

A review of participation after pediatric ABI reported evidence of participation restrictions in
home, in school and in the community 18 months after the occurrence of the injury [37].
Reported factors associated with participation restrictions include injury severity markers,
motor, behavioral and cognitive difficulties, as well as family functioning, accessibility, and
household income [34]. For parents of children with ABI, participation depends on the child’s
motivation, supportive relationships from family and friends, and supportive community
attitudes [38]. Parents explicitly link participation to environmental factors [39]. Previous
studies using the CASP have reported reduced participation among children and young people
after severe TBI compared to controls or to children with mild TBI [35,40-45]. However, in
these studies the number of children with severe TBI was generally small and, in some
studies, moderate and severe TBIs were pooled. In addition, participation rates were relatively

high in some reports, even after severe TBI (e.g. [42]), suggesting that only a proportion of



participants, such as those with more severe impairments, may suffer participation
restrictions.

The aims of the present study were (1) to investigate participation using the CASP self- and
parent-reports among children and young adult survivors of severe childhood TBI, included in
the prospective longitudinal cohort study Traumatisme Grave de /’Enfant (TGE; Severe
Childhood Injury), seven years after injury, in comparison with ratings obtained in a closely
matched control group; and (2) to determine factors influencing participation outcomes
(among socio-demographic, TBI severity-related, and concurrent TBI outcomes factors).
Participation was treated as a unidimensional trait. Participants with and without participation
restrictions, defined on the basis of the ratings of the control group, were compared on socio-
demographic and injury-related factors, pre-injury and family functioning, as well as on
functional, cognitive, behavioral, educational and quality of life outcomes.

Materials and methods

Participants

Patients with TBI

The participants included were children aged 0-15 years consecutively admitted within 6
hours following severe accidental TBI to the pediatric neurosurgical intensive care unit (ICU)
at Necker Enfants Malades Hospital between January 2005 and December 2008. Eighty-one
children were included at the acute stage of TBI, defined as a Glasgow Coma Scale (GCS)
score < 8 [46] at admission and/or an Injury Severity Score (ISS) > 16 [47]. The causes of the
accidental TBIs were motor vehicle accidents and falls. The exclusion criteria were: no vital
signs at admission, non-accidental head injury, and previous history of diagnosed
neurological, psychiatric or learning disorders. Of the 81 children initially enrolled, 16 died in
acute care, leaving 65 children available for follow-up. All children received treatment

according to international guidelines for the management of severe TBI [48] in the



neurosurgical ICU of a regional pediatric trauma center, and most children (83%) received
inpatient multidisciplinary rehabilitation after acute care [49]. Follow-up comprised
comprehensive medical and neuropsychological assessments at 3, 12, 24 months and 7 years
post-injury.

At 7 years post-TBI, 26 of the 65 patients were lost to follow-up or did not wish to participate,
leaving 39 patients (aged 7-22 years) for assessment. Because two patients had no available
participation ratings, the final sample comprised 37 patients. The participants followed at 7
years post-injury did not differ significantly from those lost to follow-up for the GCS score,
the ISS score, length of coma, parental education, language used at home, or age at injury, nor
for 3-, 12- or 24-months post-injury intellectual (Wechsler’s Full Scale Intelligence Quotient)
and executive functioning (Behavior Rating Inventory of Executive Function).

Controls

A population-based group of healthy controls was recruited from local schools or via general
medical practices at the 7-year follow-up point. Controls were matched to participants in the
TBI group for age (3 months), gender and parental education (+ 2 years' education). The
exclusion criteria were those used for the TBI sample, plus presence of a history of TBI.
Among the 38 controls recruited for the study, 33 had available data on the CASP and were
considered for the analyses reported here.

Measures

Socio-demographic and pre-injury education

Information on children’s age, sex and family characteristics was collected in the initial
phase, and reconfirmed at the time of the 7-year follow-up. We defined parental educational
level as low (neither of the parents had a secondary school diploma [“baccalauréat™]) or as

medium-high (at least one of the parents had a secondary school diploma). Family situation



was dichotomized in two categories: child living with both biological parents or not (non-
marital or single parent status).

We generated a binary variable for the type of pre-injury education: Regular education
referred to participants enrolled in mainstream school, with neither classroom support nor
repeat school years; or Aided and/or Delayed, characterizing children enrolled in mainstream
school, but having had classroom support and/or having repeated one or more years.

Initial injury severity

TBI severity was assessed using three classic quantitative scales designed to assess trauma
severity, namely the Glasgow Coma Scale (GCS) [46], the Pediatric Trauma Score (PTS) [50]
and the Injury Severity Score (ISS) [47,51,52].

Outcome measures collected during follow-up

One-year post-injury

Overall level of disability was measured with the Glasgow Outcome Scale modified for
children (GOS Peds) [53], which aims at assessing global qualitative outcome among children
and adolescents subsequent to TBI. The overall outcome is divided into 5 categories: (I) good
outcome; (I1) moderate disability, including hemiparesis and/or cognitive impairments and/or
referral for outpatient rehabilitation therapy; (111) severe disability, including severe motor
deficit and/or cognitive assessment in the deficient range and/or referral for inpatient
rehabilitation; (IV) minimally responsive or vegetative state, and (V) death.

Functional outcome was measured using the Pediatric Injury Functional Outcome Scale
(PIFQOS) [54], a brief injury-specific multidimensional rating scale completed by parents and
validated for children aged 3 to 15 years. This assessment was performed by a trained health
care provider in a structured interview assessing a broad range of cognitive, physical, and
psychological health areas commonly impacted by pediatric injury in children. When no

impairment is reported by parents, in comparison with same-age peers in a specific domain,



the item is rated 0. Scores from 2 to 4 correspond to mild, moderate and severe levels of
impairment respectively. Raw summary scores are derived, with higher scores indicating
higher levels of functional impairment.

7-years post-injury

The Overall level of disability was measured using the GOS-Extended (Pediatric [GOS-E
Peds] and Adult version [GOS-E]), a validated structured interview assessing TBI outcome
among children, adolescents [53] and adults [55]. The outcome scores yield 8 categories:
1=Upper Good Recovery, 2=Lower Good Recovery, 3=Upper Moderate Disability, 4=Lower
Moderate Disability, 5=Upper Severe Disability, 6=Lower Severe Disability, 7=Vegetative
State and 8=Death.

Motor deficits: Neurological and functional assessment enabled the collection of

information relating to the presence or absence of (1) hemiplegia or hemiparesis; (2)

signs of cerebellar dysfunction (ataxia and/or coordination disorders). Motor deficits

were categorized as the absence or presence of at least one of the above-mentioned

deficits 7 years post-injury.

On-going education: We categorized on-going education according to two levels. Mainstream
education referred to participants enrolled in general education classrooms, independently
from the presence of classroom support and/or repeat year(s), and specialized education
pertained to participants enrolled in establishments providing special education facilities, such
as specialized or medico-educational schools.

Intellectual ability was measured using the age-appropriate French versions of the Wechsler
Intelligence scales, namely: Wechsler Intelligence Scale for Children-1V (WISC-1V) [56] and
Wechsler Adult Intelligence Scale-1V (WAIS-1V) [57]. The Full Scale Intellectual Quotient

(FSIQ) was used.
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Executive Functioning was measured using the French adaptation and standardization of the
parent-report of the Behavior Rating Inventory of Executive Functions (BRIEF) [58] for
patients aged up to 17 years 11 months. The self-report of the Adult-BRIEF questionnaire
[59] was also used for those aged 18 years and above, but results are not presented here due to
the small number of participants. Several aspects of behavior related to executive functioning
in everyday life are assessed through 86 items, distributed across eight clinically and
theoretically-driven subscales measuring different aspects of executive functioning, and
yielding two composite indices and a total score, used in the present study: the Behavioral
Regulation Index (BRI), the Metacognition Index (Ml), and the Global Executive Composite
index (GEC) expressed as T-scores (mean=50, SD=10). Higher scores indicate poorer
executive functioning.

Behavior was measured using the Child Behavior Checklist (CBCL) [60], a parental
questionnaire aiming to assess children’s behavioral problems from ages 4 to 18 years.

This questionnaire enables the computation of 3 summary age-standardized scores (T-

scores with mean=50, SD=10), specifically Internalizing problems, Externalizing

problems and a Total problems score. Higher scores reflect more marked behavior

problems.

Health-related Quality of life (HRQoL) was assessed using the age-appropriate French-
validated versions of self- and parent-report forms of the Pediatric Quality of Life Inventory
(PedsQL) for children (ages 2-18 years) [31] and young adults (ages 18-25 years) [61]. The
Total Score, expressed on a 0-100 scale, was used in this study, with higher scores indicating
better HRQoL.

Fatigue was assessed using the self- and parent-report forms of the Multidimensional Fatigue
Scale (MFS) for children (ages 2-18 years) [62] and young adults (ages 18-25 years) [63]. The

MES is a symptom-specific module of the PedsQL aiming to assess fatigue across paediatric
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populations [64-66]. We used the total score and, similarly to the PedsQL, higher scores
indicate lower reports of fatigue.

Family functioning was assessed using the 12-item short form of the French version of the
Family Assessment device (FAD) [67]. This questionnaire assesses family functioning over
six domains (Problem Solving, Communication, Roles, Affective Responsiveness, Affective
Involvement, and Behavioral Control). We used the total score (range 1 to 4), with higher
scores indicating worse family functioning.

Primary outcomes 7-years post-injury

Child and Adolescent Scale of Participation (CASP):We used the French version of parent
and self-report forms of this questionnaire aimed at assessing the degree of participation of
children in home, school and community activities compared to children with the same age
[27,28]. This questionnaire comprises 4 subscales: Home Participation (items 1 to 6),
Community Participation (items 7 to 10), School Participation (items 11 to 15) and Home and
Community Living Activities (items 16 to 20). Each item is rated on a four-point scale: (1)
Unable; (2) Very Restricted; (3) Somewhat Restricted; and (4) Age Expected (Full
participation). A “Not Applicable” rating is also available for activities in which the child is
not expected to participate. The subscales and the Total scores are obtained by summing the
ratings of the “Applicable” items. These scores are then converted into a 100-point scale by
dividing the sum of the “Applicable” items by the maximum score possible (based on the total
of “Applicable” items that were rated) and multiplying it by 100. Lower levels of
participation correspond to lower scores. In the present study, internal consistency
coefficients were good, with Cronbach alpha for parent-reports of .74 and .84 for controls and
participants with TBI respectively, and .81 and .87 for self-reports.

The parent-report was used for the whole sample and the self-report was given to

participants aged 11 years or above.
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Procedure

This study was approved by the (Comité de Protection de Personnes d’ile-de-France VI [CPP
IDF VI]) ethics committee and parents gave their informed written consent to participate in
the study. Patients (parents for those under 18 years of age) who had been included in the
TGE study were contacted by the treating physician assessing them in the initial phase of the
study and asked to participate in the 7-year follow-up. The assessments took place in the
Rehabilitation Department in the Saint Maurice Hospitals, on two separate occasions. A
physician specialized in Physical Medicine and Rehabilitation performed the medical
assessment, which included information about ongoing medications, care and rehabilitation
therapies, type of ongoing education and current occupation, GOS-E or GOS-E Peds rating
scales, and a neurological examination assessing the presence of motor, visual or hearing
impairments. In a different day, a trained child psychologist performed the
neuropsychological assessment, and administered the self-version questionnaires in a fixed
order, while parents answered the proxy-versions of the questionnaires. For the control group,
the data collected during this period was the same as for the TBI group, although controls did
not undergo the medical examination and only performed a reduced number of the
neuropsychological assessments administered to patients.

Statistical analyses

Data analysis was performed using the SAS© software version 9 [68]. We used chi-

square tests and non-parametric univariate procedures (Wilcoxon signed-rank test) to
compare TBI participants and controls according to parent and self-reported

participation and 7-years post-injury outcomes (on-going education, FSI1Q, BRIEF,

CBCL, PedsQL, MFS and FAD). These analyses were performed using the total

number of observations available for each instrument. Missing data was related to

participants and/or parents not returning one or several of the proposed questionnaires.
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We used the lowest score observed for the control group in the parent-report version of

the CASP (82.5) as a cut-off to define two subgroups of patients with TBI: a subgroup

with participation scores in the control group range (score > 82.5) and a subgroup with
participation restrictions (score < 82.5). These two subgroups were compared on age at
injury, preinjury education, initial injury severity, and 1-year and 7-years post-injury
outcomes, using the Wilcoxon signed-rank and chi-square tests. In addition, we used

linear regressions (repeated measures Generalized Lineal Model) to investigate

differences between participation subscales according to the type of domain assessed, as
well as the group (TBI vs. controls) by informant (parent vs. self-reports) interaction.
Statistical significance testing was 2-tailed with a p< .05 as the significance level

Results

Participants with pediatric severe TBI (Table 1)

The analysis sample was composed of 37 patients with severe pediatric TBI (23 males, 63%),
mean age at injury was 7.62 years (range .25-14.67; median 7.67 years). Injury severity was
characterized by: mean lowest GCS score 5.92 (range 3-8; median 6), mean PTS score 3.97
(range -1 to 9; median 4), mean ISS score 27.76 (range 4-50; median 29) and mean length of
coma 6.68 days (range 1-22 days; median 5 days). Prior to their injury, 5 participants had
received school assistance and/or had repeated one year.

At 1-year post-injury, the GOS-Peds scores of 5 participants (14%) were in the good recovery
range, 20 (54%) were in the moderate disability level and 12 (32%) in the severe disability
level. The functional outcome (PIFOS) mean score was 26.74 (range 4-73; median 25).

At 7 years post-injury, the GOS-E and GOS-E Peds scores were as follows: 20 participants
(54%) were in the good recovery range (Upper [n=4] and Lower levels [n=16]); overall

disability was moderate for 9 (24%) participants (Upper [n=5] and Lower levels [n=4]); and 8
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participants (22%) were in the severe disability range (Upper [n=5] and Lower levels [n=3]).
The presence of motor deficits 7 years post-injury was reported for 7 (19%) participants.
[INSERT TABLE 1 HERE]

Group comparisons between participants with severe TBI and controls
Socio-demographic characteristics and 7-year follow-up outcomes (Table 2)
The participants from the TBI group were similar to controls for socio-demographic
characteristics, namely age, sex, parental education level and family situation.
At 7-years post-injury, fewer participants from the TBI group were enrolled in mainstream
education than among controls. The TBI group presented significantly lower FSIQ scores,
higher BRIEF scores on the BRI, Ml and GEC (greater executive function problems reported
by parents), higher mean CBCL scores (more marked behavioral problems reported by
parents) on the Externalizing problems scale and the Total score, and lower mean scores
pertaining to HRQoL and fatigue (lower quality of life and higher fatigue levels both for
parent and self-reports). There was no significant difference between groups regarding family
functioning.

[INSERT TABLE 2 HERE]
Participation (Table 3)
In comparison to the control group, the mean participation scores obtained from parent-
reports in the TBI group were significantly lower for all the CASP subscales and the
Total score. The lowest mean parental score for the TBI sample was observed in the
Home and community living activities subscale, and the results of the repeated
measures analyses showed that mean scores differed according to the participation
domain evaluated by parent-reports (F (3,29) = 10.57, p=.004).

[INSERT TABLE 3 HERE]
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As presented in figure 1, 18 (49%) participants from the TBI sample presented
participation scores in the 90 to 100 range, in comparison to 27 (87%) participants from
the control group. The lowest parent-reported participation Total score observed in the
control group was 82.5, while 8 participants (22%) in the TBI group had scores inferior
to 82.5.

[INSERT FIGURE 1 HERE]
For self-reports, the results of the repeated measures analyses showed that the subscale
mean scores differed according to the participation domain evaluated (F (3,19) = 4.11,
p=.02), but there were no significant differences in the mean participation scores
between the TBI sample and controls. Participation scores tended to be lower for proxy-
compared to self-reports in the TBI group, while the opposite pattern was observed in
the control group (Informant by group interaction: F (1,49) = 6.72, p=.0125).
Factors associated with parent-reported participation in the TBI group
According to parent-reports, the group of 8 participants with poor participation (i.e.
CASP scores lower than 82.5), compared to the group of 29 participants with CASP
scores in the range of the control group, presented:
i) higher injury severity indices: lower GCS, higher ISS scores and longer length of
coma);
ii) poorer outcomes 1-year post-injury: increased overall disability (GOS-Peds) and
poorer functional outcome (PIFOS);
1ii) poorer outcomes 7-years post-injury: increased overall disability (GOS-E/GOS-E
Peds), more frequent reports of difficulties in executive functioning (BRIEF Behavioral
Regulation and Metacognition Indices), higher ratings for behavioral problems (CBCL

Total score), lower parent and self-reported HRQoL, and greater fatigue levels.
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There were no significant associations between parent reported participation and age at
injury, parental education level, family situation, PTS, presence of motor deficits,

ongoing education, FSIQ, or family functioning.

Discussion

In the present prospective longitudinal study, we report self- and proxy-reports of
participation in a large sample of individuals who sustained severe TBI in childhood,
followed over a 7-year period. Overall, the findings indicate reduced proxy-rated (but not
self-rated) levels of participation compared to those of a closely matched control group.
Interestingly, in parent-reports, participation was generally lower than in self-reports from the
TBI sample, whereas the opposite pattern was observed in the control group. In addition, a
sub-group of participants with low participation levels was identified using the lowest
participation score in the control group as a cut-off. This sub-group accounted for 22% of the
whole sample, suggesting satisfactory participation levels for a majority of patients. Those
with low participation levels were characterized by more severe outcomes in most domains
explored, especially in the cognitive and behavioral domains, and also reported lower levels
of quality of life and higher levels of fatigue.

On the other hand, self-reported participation did not show any significant difference
between the TBI and control groups. This was related to a tendency in the TBI sample

to self-rate their participation somewhat higher compared to their parents, as noted in a
previous study on children with disabilities [36], but an opposite tendency was observed
among controls, where self-rated participation tended to be lower than parental ratings

for participation. While the first observation could be related to a degree of self-

awareness deficit following TBI, the second was less expected. It is important to note

that the mean percentage for reported participation of the control group in the present

study (about 91%) was lower than percentages reported after moderate-severe TBI in
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some earlier studies (e.g. >98% in [42]). One possible explanation is that in the control
group, the participants’ answers are based more on preference/performance, with
answers reflecting the attractiveness of the respondent for certain types of activities (e.g.
sports, shopping, doing laundry, washing dishes), while parents base their answers more
on capacity. In the severe TBI group, where capacity can be a real problem, this
tendency to respond on preference/performance could be less pronounced. However, it
might be difficult to discriminate in some cases whether participation restrictions are
due to a problem of capacity or preference/performance, such as in the case of an
apathy syndrome, defined as lack of motivation [69], which is reported to be relatively
frequent after severe TBI [70,71].

Parent-reports, in contrast, showed lower mean participation rates compared to controls
in children and young adults after severe TBI, 7 years post-injury. The differences
between patients and controls were significant for all four domains assessed by the
CASP. In the TBI group, participation scores were lower for “home and community
living activities”, than for “home participation” and “school participation” [72].
However, not all participants in the TBI group showed low levels in parent-rated
participation, and the variability of the total CASP score was wide, as also reported by
Aaro Jonsson [73]. The distributions of the total CASP scores showed that 8
participants (22%) of the TBI group obtained scores lower than the “less participating”
control.

In order to investigate the factors associated with participation 7 years after severe
pediatric TBI, we compared the sub-group of 8 participants with clear parent-rated
participation restrictions, and the group of 29 participants with a participation level in

the range of controls.



Age at injury (and age at assessment) were not associated with participation levels, in
accordance with some previous studies using the CASP [28], but not with others [74].
Pre-injury school difficulties and current family functioning were not associated with
participation. This finding contrasts with a number of previous reports on children after
TBI of varying severity. However most of these studies included a majority of mild
TBIs, where pre-injury factors and family functioning were associated with
psychological functioning and participation [14-16,42]. This result is in favor of the
hypothesis that severe pediatric TBI could be less responsive to environmental factors
than mild-to-moderate pediatric TBI [17,18].

Almost all previous reports using the CASP found lower participation among children
after severe TBI than among controls [40,45,75], and strong associations of
participation with functional outcome [76], despite some exceptions [77]. The present
study adds information on this topic, showing that these associations remain significant
within a group following severe TBI. Seven years after severe TBI, patients with
participation restrictions, compared to those with participation rates within the range of
the control group, had worse scores for most markers of initial injury severity (GCS,
ISS, length of coma), poorer functional outcome levels (PIFOS) measured 1-year post-
injury, and greater overall level of disability according to the Glasgow Outcome Scale
at 1 year and 7 years post-injury. Regarding cognitive factors, executive functions, as
assessed by the BRIEF, were lower in the participation-restrictions group, whereas
FSIQ was not. In previous reports, processing speed [43] and communication skills [44]
were found to be associated with participation after pediatric TBI. Fatigue, rarely
assessed but reported to be “problematic” after pediatric TBI [73], and, as in other
studies, quality of life (PedsQL) [29], and behavioral problems (CBCL) [35] showed

significant links with parental reports of participation . Finally, special education was



more frequently required in the “restrictions” group (37% vs 17%), but the difference
did not reach significance.

Overall, the present findings from France show that participation as measured with the
CASP parent-report is an interesting long-term outcome measure for patients who
sustained severe childhood TBI. Despite the small number of participants with
“participation restrictions”, clearly significant associations were found with indices of
injury severity, functional outcome, executive functions, behavioral difficulties, fatigue,
and Quality of Life. For McConachie [24], an advantage of the CASP is its good basic
coverage of the ICF domains, and a limitation is its emphasis on patients‘ ability to take
part (on capacity), rather than on whether and how often they actually do (on
performance). In favor of this assertion are the associations of the CASP total score with
injury severity and functional outcome in parent-reports. It is likely that parents respond
more on capacity than on performance, while, as noted previously, this is probably not
the case in self-reports, at least for the control participants of the present study. It may
be difficult for children and adolescents to make a clear distinction between capacity
and performance (e.g. if I never washed dishes, | am definitely not able to do so). In
addition, cultural factors and precise instructions on how to complete the CASP may
influence the results, as suggested by strong differences of the mean scores and the
proportion of participants with ceiling scores observed from one study/country to
another.

The current results should be interpreted in the light of certain limitations. Despite the fairly
large number of participants who sustained severe childhood TBI compared to previous
studies, the overall sample size is nevertheless small and the comparisons of children with
poor and normal levels of participation were performed on relatively small samples. The

results do however highlight that a large proportion of participants report satisfactory
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participation levels following a severe childhood brain injury. In addition, our analyses were
based on the total number of observations available for the primary outcome that differed
across informants completing the questionnaires. For this reason, the sample size of the
control group was smaller than that of the TBI group. Further to this, questionnaire-based
reports of participation can be related to personal factors of the respondent, and reports of this
type are subject to this bias, unlike objective measures of individuals’ performance in
everyday life. The advantage of using the CASP, however, is that it allows comparisons of
results across studies and countries. In our sample, the levels of participation were relatively
low overall in the control group, compared to participation levels of patients with various
levels of TBI severity in other countries. This could be simply due to cultural factors, but also
partially to the recruitment of the control group. Because controls had to be closely matched
to patients, the inclusion criteria rendered this recruitment particularly selective, especially for
the enrollment of participants from very low parental education backgrounds and very
deprived socio-economic status. As a result, the control sample might not be representative of
the French general population. However, this could also be considered as a strength of the
present study, since many children with TBI come from low socioeconomic backgrounds.
Finally, it would have been more informative to have measured participation using the same
measure prospectively from the initial phase, in order to monitor change over time and factors
associated with change. This was not possible as participation was not an outcome of interest
in the first stage of the study. Further the CASP was not available at the time of the study
commencement.

Conclusions

At the group level, participation is significantly impaired in the long term following

pediatric severe TBI, mostly in parent-reports. However, participation levels are

relatively good in a majority of participants, while a minority do have clear participation
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restrictions. Measuring participation merits further development to distinguish capacity
from performance, and objective indicators from subjective aspects. These issues appear
to have different impacts in parent-reports and in children and youth self-reports.
Finally, some behavioral changes after severe TBI, such as apathy (lack of motivation),

might have a strong influence on participation and require further investigation.
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Table 1. Pre-injury education, injury severity, 1 year and 7 years post-injury outcomes of the participants in the

TBI group

Severe TBI
(n=37)

Mean (SD) [Range]

Pre-injury education
Assisted and/or Delayed, n (%)

Injury Severity
Age at injury (years)
Lowest Glasgow Coma Scale Score
Paediatric Trauma Score
Injury Severity Score
Length of coma (days)

1-year post-injury outcome

Overall disability (GOS Peds), n (%)
Good Recovery
Moderate Disability
Severe Disability

Functional outcome (PIFOS score, n=31)

7-years post-injury outcome

Overall disability (GOS-E/GOS-E Peds), n (%)
Good Recovery
Upper level
Lower level
Moderate Disability
Upper level
Lower level
Severe Disability
Upper level
Lower level
Motor deficits
Presence, n (%)

5 (13.51)

7.62 (4.54) [.25 - 14.67]
5.92 (1.66) [3 - 8]
3.97 (2.34) [-1 - +9]
27.76 (9.72) [4 - 50]
6.68 (4.96) [1 - 22]

5 (13.51)
20 (54.05)
12 (32.43)
26.74 (16.58) [4 - 73]

20 (54.05)
4 (10.81)
16 (43.24)
9 (24.32)
5 (13.51)
4 (10.81)
8 (21.62)
5 (13.51)
3(8.11)

7 (18.92)

TBI: Traumatic Brain Injury; SD: Standard Deviation; GOS Peds: Pediatric Glasgow Outcome Scale; GOS-E/GOS-E Peds:
Glasgow Outcome Scale-Extended; Glasgow Outcome Scale-Extended, Pediatric version; PIFOS: Pediatric Injury Functional

Outcome.
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Table 2. Group comparisons between participants with TBI and controls

Severe TBI Controls
(n=37) (n=33)
n Mean (SD) [Range] n Mean (SD) [Range] Statistic p’
Sociodemographic characteristics
Age at follow-up 15.4 (4.4) [7.4 - 22.7] 15.3 (4.5) [7.2 - 22.5] Z=-2 .88
Gender, male, n (%) 23 (62.2) 20 (60.6)
Parental education level, n (%)
Medium-high 19 (51.4) 21 (63.6) X*=11 .30
Family situation, n (%)
Non-marital or single parent 12 (32.4) 13 (39.4) X?=4 55
7-years post-injury outcome
On-going education 37 33
i 0,
Mam_str_eam, n (%) 29 (78.4) 33 (100) =79 005"
Specialized, n (%) 8 (21.6) 0 (0)
FSIQ 34  86.2(18.5) [40 - 129] 33 98.9(13.4) [63 - 124] Z=33 .0009
BRIEF (Parent-report) 31 27
Behavioral Regulation Index 60.8 (18.1) [35-99] 48.8 (8.5) [37 - 69] Z=-25 .013
Metacognition Index 58.1 (12.2) [37 - 81] 49.8 (11.5) [37 - 72] Z=-25 .013
Global Executive score 60.3 (14.8) [37 - 89] 50.2 (10.7) [37 - 73] Z=-27 .008
CBCL (Parent-report) 22 19
Internalizing problems 58.7 (10.9) [34 - 71] 56.5 (9.6) [33 - 72] Z=-95 .34
Externalizing problems 55.8 (11.9) [33 - 69] 48.3 (7.3) [34 - 66] Z=-24 019
Total problems 58.9 (10.7) [39 - 76] 49.3 (9.5) [25 - 69] Z=-27 .008
PedsQL
Total score (Parent-report) 25 71.7(18.9) [34.8 - 96] 20 83 (17) [47.8 - 100] Z=22 .029
Total score (Self-report) 34 70.6 (18.2) [34.8 - 98.9] 33 83.9(12.7) [52.2 - 100] Z=33 .001
MFS
Total score (Parent-report) 25 67.8(20.3) [31.9 - 100] 20 87.6(11.4) [58.3 - 100] Z=34 .0006
Total score (Self-report) 34 60.1(18.1)[27.8 -90.3] 33 77.4(15.3)[41.7-97.2] Z=3.7 .0002
FAD
Family functioning 35 1.8(4)[1-2.7] 33 1.6 (.6) [0-2.6] Z=-15 .13

7 Two-tailed Wilcoxon signed-rank test (Z); ""Mantel-Haenszel chi-square test (X2); TBI: Traumatic Brain Injury; SD: Standard
Deviation; FSIQ: Full Scale Intellectual Quotient; BRIEF: Behavior Rating Inventory of Executive Function; CBCL: Child Behavior
Checklist; PedsQL: Pediatric Quality of Life inventory; MFS: Multidimensional Fatigue Scale; FAD: Family Assessment Device.
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Table 3. Group comparisons between the TBI and the control groups on the parent and self-report mean scores of the Child and Adolescent Scale of

Participation 7 years post-injury

Severe TBI Controls Wilcoxon test
N Mean SD Range N Mean SD Range 4 p’
Child and Adolescent Scale of Participation (CASP)
Parent-report 37 31
Home participation 89.79 11.23 62.5-100 9597 6.12 79.2-100 25 .014
Neighborhood and community participation 85.46 17.05 31.3-100 9497 9.18 68.8-100 2.7  .007
School participation 93.44 10.12 65-100 99.03 3.75 80-100 3.1 .002
Home and community living activities 81.89 18.48 30-100 9415 741 75-100 29 .004
Total Score 86.39 14.81 31.7-100 96.35 4.76 82.5-100 3.6  .0004
Self-report 27 26
Home participation 90.62 9.16 66.7-100 91.03 9.62 66.7-100 2 .87
Neighborhood and community participation 87.78 14.34 50-100 87.93 15.68 43.3-100 3 .78
School participation 93.18 11.08 60-100 94.42 10.89 60-100 -9 34
Home and community living activities 85.19 16.90 40-100 91.78 14.17 35-100 1.8 .08
Total Score 89.12 10.56 62.5-100 91.24 961 66.3-100 .8 44

7 Two-tailed Wilcoxon signed-rank test (Z); TBI: Traumatic Brain Injury; SD: Standard deviation.
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Figure 1. Distribution of CASP Parent Total scores in controls and participants with severe TBI 7-years post-
injury. Lowest score observed in the control group = 82.5. Eight patients (22%) presented scores lower than
82.5.
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