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Abstract

Background. Pediatric traumatic brain injury (TBI) is a leading cause of long-term disability
in children and adolescents worldwide. Amongst the wide array of consequences known to
occur after pediatric TBI, behavioral impairments are among the most widespread and may
particularly affect children who sustain injury early in the course of development. The aim
of this study was to investigate the presence of internalizing and externalizing behavioral pro-
blems 6 months after preschool (i.e. 18–60 months old) mild TBI.
Methods. This work is part of a prospective, longitudinal cohort study of preschool TBI.
Participants (N = 229) were recruited to one of three groups: children with mild TBI, typically
developing children and orthopedic injured (OI) children. Mothers of children in all three
groups completed the Child Behavior Checklist as a measure of behavioral outcomes
6-month post-injury. Demographics, injury-related characteristics, level of parental distress,
and estimates of pre-injury behavioral problems were also documented.
Results. The three groups did not differ on baseline characteristics (e.g. demographics and
pre-injury behavioral problems for the mild TBI and OI groups) and level of parental distress.
Mothers’ ratings of internalizing and externalizing behaviors were higher in the mild TBI
group compared with the two control groups. Pre-injury behavioral problems and maternal
distress were found to be significant predictors of outcome.
Conclusion. Our results show that even in its mildest form, preschool TBI may cause disrup-
tion to the immature brain serious enough to result in behavioral changes, which persist for
several months post-injury.

Introduction

Pediatric traumatic brain injury (TBI) is a leading cause of long-term disability in children and
adolescents worldwide, owing to its high prevalence and adverse functional consequences
(Anderson et al. 2005; Giza, 2006; Keenan & Bratton, 2006; Babikian & Asarnow, 2009;
Congeni, 2009). Among the wide array of consequences known to occur after pediatric TBI,
behavioral impairments are among the most widespread, with up to 50% of children being
at risk for presenting such problems (Li & Liu, 2013). In particular, internalizing (e.g. depres-
sion and anxiety), and externalizing (e.g. aggression, conduct disorders and attention) pro-
blems, as well as personality changes, have been observed in children and adolescents after
TBI (Li & Liu, 2013). In addition to their high prevalence, these problems appear to be per-
sistent (Schwartz et al. 2003).

Epidemiological data and registries indicate that children 5 years of age and under (i.e. ‘pre-
schoolers’) are at especially high risk of sustaining TBI (Hawley et al. 2003; Rutland-Brown
et al. 2006; Crowe et al. 2009). The over-representation of preschoolers and high occurrence
of behavioral problems after pediatric TBI is particularly concerning given evidence that the
emergence of inappropriate behaviors in the first years of life places children on a pathway
toward more serious conduct and mental health problems in later childhood, adolescence,
and adulthood (Caspi et al. 1996; Emond et al. 2007). Despite this, relatively few studies of
behavioral outcomes post-TBI have specifically targeted preschoolers, and existing studies in
this youngest pediatric group offer conflicting results. Studies reporting increased behavioral
problems (Keenan et al. 2007; Chapman et al. 2010) contrast with those reporting good behav-
ioral outcomes (Goldstrohm & Arffa, 2005; Wetherington et al. 2010). The latter findings are
inconsistent with the expectations of ‘vulnerability theory’, which posits that the immature
brain is particularly vulnerable to residual impairments after early insults (Anderson et al.
2005). Studies of brain maturation indicate that there are sensitive periods for the development
of cognitive and social functions and that brain insult sustained during one of these periods
may impair the development of that particular function or skill (Anderson et al. 2005;
Werker & Tees, 2005; Innocenti, 2007; Anderson et al. 2009). These functions are likely to
underpin the establishment of appropriate behaviors (e.g. Schoemaker et al. 2013).
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A number of methodological issues preclude clear conclusions
about the impact of TBI on behavior after early brain injuries.
First, in most cases, toddlers and preschoolers are grouped with
school-age children, making it impossible to draw conclusions
specific to the preschool period (e.g. Catroppa et al. 2008).
Second, limited incorporation of pre-morbid behavioral ratings
limits the possibility of accounting for difficulties that may typic-
ally be present in the TBI population, placing children at higher
risk of sustaining TBI, and thus pre-dating injury and confound-
ing findings. Third, in many studies, comparison groups are com-
posed of uninjured children, which may fail to control for the
impact of generic injury effects (e.g. medical treatment and
pain) (Emery et al. 2016). Finally, most studies focus solely on
moderate or severe TBI (e.g. Chapman et al. 2010) or confound
severity levels (e.g. Goldstrohm & Arffa, 2005), despite the fact
that 90% of injuries are classified as mild TBI (or ‘concussion’)
(Cassidy et al. 2004).

A review conducted by Emery et al. (2016) suggests that there is
mixed evidence regarding psychiatric, psychological, and behav-
ioral outcomes of mild traumatic brain injury (mTBI). Their report
found problems in only a limited number of studies, some of
which included methodological flaws. However, they conclude
that psychological and psychiatric problems are more prevalent
when the injury is sustained early in the course of development
(<6 years old). Despite this claim, existing studies that target pre-
schoolers also offer somewhat inconclusive results. A study by
McKinlay et al. (2009) pertaining to adolescent psychiatric symp-
toms following preschool mTBI suggests that more severe cases of
mTBI (i.e. those requiring hospitalization) are associated with an
increase in psychiatric symptoms in mid-adolescence. Another
study demonstrates that history of multiple mTBI during the pre-
school period is associated with internalizing and externalizing
problems, while the history of a single injury is not related to
adverse outcome (Liu & Li, 2013). In light of these somewhat
contradictory findings and the methodological limitations of exist-
ing studies, there is a need to clearly establish the putative presence
of behavioral problems after mTBI in the preschool years.

The main objective of this study was to investigate the presence
of internalizing and externalizing behavioral problems 6 months
after preschool (i.e. 18–60 months old) mTBI. We hypothesized
that both internalizing and externalizing problems would be
more prevalent in the mTBI group than in either typically devel-
oping children or children with orthopedic injuries. A second
objective was to identify the pre-existing child and family charac-
teristics and injury-related variables that predict behavioral out-
come after preschool mTBI.

Methodology

The data presented here constitute a sub-study of a larger pro-
spective longitudinal cohort study investigating cognitive and
social outcomes of preschool TBI (LION study), which was
approved by the local institutional ethics review board.

Participants

The current sample comprises 229 children recruited to one of
three participant groups: mild TBI (mTBI; n = 86), orthopedic
injury (OI; n = 62) and typically developing children (TDC; n =
81) (see descriptive variables in Table 1).

Inclusion criteria for the mTBI group were: (a) presentation to
a single, tertiary care, pediatric emergency department; (b) age at

injury between 18 and 60 months (to ensure more homogeneous
injury factors and applicability of measures); (c) closed head
injury with a score between 13 and 15 at admission on the
Glasgow Coma Scale; (d) at least one of the following symptoms:
loss of consciousness, excessive irritability, persistent vomiting
(more than two times), confusion, headaches that worsen over
time, drowsiness, dizziness, motor difficulties or balance pro-
blems, blurred vision, hypersensitivity to light, and/or the pres-
ence of seizures. Of note, participants who had a diagnosis of
complicated mTBI (score between 13 and 15 on the Glasgow
Coma Scale with evidence of an intracranial lesion on clinical
CT or MRI) were included (n = 9). For the OI group, inclusion
criteria were: (a) presentation to a single, tertiary care, pediatric
emergency department; (b) age at injury between 18 and 60
months; (c) limb trauma leading to a final diagnosis of simple
fracture, sprain, contusion, or unspecified trauma to an extremity.
To compose the TDC group, non-injured children of equivalent
age were recruited via daycare centers.

Exclusion criteria for the three groups were: (a) diagnosed con-
genital, neurological, developmental, psychiatric, or metabolic
condition; (b) gestational age < 36 weeks; (c) child and parent
not fluent in French or English; (d) history of prior TBI serious
enough to warrant a visit to the ED; and (e) non-accidental injury
(for the mTBI and OI groups).

Procedure

mTBI and OI groups
Children presenting to the Ste-Justine Hospital emergency depart-
ment between 2011 and 2015 for either a mTBI or OI were screened
by a research nurse based on the emergency department log.
Participants fulfilling inclusion/exclusion criteria were invited to
participate in the study. Families who agreed to participate were
mailed a consent form and pre-injury questionnaires (time point
0, T0) within 1 week of injury. They were asked to answer the ques-
tions based on their child’s functioning prior to the accident. The
research nurse and pediatric emergency medicine physician (when
necessary) systematically completed a standardized case report
form. Information gathered in this report was used for descriptive
purposes and to confirm inclusion/exclusion criteria. Any outstand-
ing inclusion/exclusion criteria were confirmed by the study coord-
inator through a semi-structured telephone interview with parents.
At 6-month post-injury (time point 1, T1), mothers were asked to
complete another questionnaire booklet based on their child’s cur-
rent functioning.

TDC group
Children from the TDC group were recruited via information
pamphlets distributed to parents in urban daycare centers.
Daycare centers from a range of neighborhoods with varied socio-
economic conditions were targeted in order to optimize group
comparability. As soon as consent was obtained, mothers were
asked to complete the questionnaires (T1). To ensure that the
three groups were of comparable age at T1 (i.e. 6 months post-
injury for the two clinical groups), children in the TDC group
were aged between 24 and 66 months at the time of recruitment.

Measures

Descriptive variables
The Case Report Form (CRF) was completed after enrollment for
both the mTBI and the OI groups. It is based on the
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recommendations of Miller (2010) and comprises information
such as the nature and the severity of the injury, the cause of
the accident, the height of fall (if applicable), clinical neuroima-
ging findings (if applicable), the presence of a skull fracture, clin-
ical details related to other trauma, the length of hospital stay, the
presence of neurological signs and symptoms (e.g. loss of con-
sciousness, headaches and excessive irritability) and the initial
score recorded on the Glasgow Coma Scale (GCS), as well as
the lowest GCS and the duration of time for GCS to return to
15 if multiple measures were available.

The ABCs Laboratory Sociodemographic Questionnaire was
completed by the primary caregiver (the mother in 90.8% of
cases) at the time of enrollment to collect information regarding
demographics (e.g. sex, ethnicity, parental education, family living
arrangement).

The Postconcussive Symptom Interview (PCS-I) (Mittenberg
et al. 1997) was completed at T1 for the mTBI and OI groups.
It consists of a structured parent interview documenting
the presence of 15 different post-concussive symptoms related
to four domains: cognitive, somatic, sleep, and affective.
Parents were asked if their child experienced these symptoms
either in the past week or in the last 6 months (i.e. since the
injury).

The Parental Distress scale from the Parenting Stress Index
(PSI) (Abidin, 1990) was completed by the primary caregiver
at T1 for all three groups. It consists of 12 questions using a
five-point scale (1 = Strongly agree to 5 = Strongly disagree).
This variable was included for descriptive purpose and to
ensure that groups were equivalent in terms of parental distress
at T1.

Behavioral outcome
The Child Behavior Checklist for ages 1.5–5 years (CBCL)
(Achenbach & Rescorla, 2000) consists of a 100-item checklist
using a three-point scale (0 = Not true; 1 = Somewhat or
sometimes true; 2 = Very true or often true). The CBCL generates
an Internalizing Problems score including four subscales
(Emotionally reactive, Anxious/depressed, Somatic complaints
and Withdrawn), and an Externalizing Problems score including
two subscales (Attention problems and Aggressive behavior). For
the mTBI and OI groups, the primary caregiver completed the
CBCL retrospectively at T0 to estimate pre-injury behavioral pro-
blems. At T1, mothers from all three groups were asked to com-
plete the CBCL.

Statistical analyses

All analyses were conducted using IBM SPSS Statistic (version
21.0). First, preliminary analyses were performed to ensure that
possible group differences on outcome measures (CBCL data at
T1) were not attributable to pre-existing psychosocial and demo-
graphic factors. Chi-square analyses were conducted to determine
whether there were group differences on categorical variables (i.e.
sex, ethnicity, family living arrangement). Analyses of variance
(ANOVAs) were conducted for continuous variables (i.e. age at
assessment, parental education, parental distress). For the two
clinical groups (TBI v. OI), independent t tests were computed
for age at injury and pre-injury estimates of behavioral problems.

In the main analyses, the three groups were compared on
mothers’ ratings of internalizing and externalizing behavior
(CBCL) at T1 using two separate analyses of covariance

Table 1. Participants’ sociodemographic and descriptive characteristics

mTBI OI TDC p values

Number of participants 86 62 81 –

Age at T1 assessment (months), M (S.D.) 43.52 (11.72) 41.95 (11.19) 42.33 (11.53) 0.68

Gender, n (%) males 46 (53.49) 31 (50.00) 41 (50.61) 0.90

Ethnicity, n (%) – – – 0.36

Caucasian 72 (83.72) 46 (74.19) 66 (81.48) –

Black or Afro-American 3 (3.49) 3 (4.84) 3 (3.70) –

Hispanic 5 (5.80) 3 (4.84) 3 (3.70) –

Asian 1 (1.16) 0 (0) 3 (3.70) –

Other 5 (5.80) 8 (12.90) 6 (7.41) –

Family living arrangement, n (%) – – – 0.43

Child lives with both parents 74 (86.05) 60 (96.77) 75 (92.59) –

Child lives with mother only 7 (8.14) 1 (1.61) 5 (6.17) –

Child lives with father only 1 (1.16) 0 (0) 0 (0) –

Shared custody 2 (2.33) 0 (0) 1 (1.23) –

Parental educationa, M (S.D.) 3.17 (1.18) 2.94 (0.92) 2.85 (0.82) 0.10

Level of parental distress, M (S.D.) 1.95 (0.67) 1.89 (0.71) 1.98 (0.66) 0.73

Pre-injury behavioral problems (T0), M (S.D.) – – – –

Internalizing problems 8.25 (6.02) 6.77 (5.58) – 0.13

Externalizing problems 13.64 (6.66) 11.63 (7.45) – 0.09

aParental education was obtained by averaging both parents’ educational qualifications on an eight-level scale ranging from ‘Doctoral degree’ to ‘Less than 7 years of school’.
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(ANCOVAs). As recommended by Thurber & Sheehan (2012),
CBCL raw scores were used in the analyses and age was included
as a covariate. Statistical significance was defined as p < 0.05.
Effect sizes (Cohen’s d) were defined as small (d = 0.2), medium
(d = 0.5), or large (d = 0.8) (Cohen, 1992).

Additional chi-square (χ2) analyses were performed to deter-
mine whether there were group differences regarding the propor-
tion of children whose scores were clinically elevated (borderline
or clinical range, T ⩾ 60) (Achenbach & Rescorla, 2000) on either
the Internalizing or the Externalizing problems scales. Elevated
scores on these two broad-band scales have been shown to be use-
ful in predicting subsequent child psychopathology (Petty et al.
2008).

Hierarchical regression analyses were also conducted to iden-
tify variables that could predict behavioral problems in the
mTBI group. As shown in Table 2, zero-order correlations were
first run to identify multicollinearity and select potential pre-
dictors of the Internalizing and Externalizing Problems scores
among relevant variables from the sociodemographic
questionnaire, the CRF, the PCS-I, and the PSI. Variables that cor-
related with either the Internalizing Problems score or the
Externalizing Problems score at a p-level < 0.20 were included in
both models. Potential predictors were entered in three blocks.
In the first block, variables related to participants’ pre-existing
characteristics were entered (i.e. age, sex, and pre-injury behav-
ioral problems). In the second block, family characteristics (i.e.
family living arrangement, parental education, and level of paren-
tal distress) were added. In the third block, injury-related charac-
teristics (i.e. headache as a symptom of TBI and long-term
post-concussive symptoms) were entered to determine whether
TBI markers explain behavioral outcomes above and beyond par-
ticipant and family characteristics.

Results

Recruitment and follow-up details for all three groups are pre-
sented in Figs 1 and 2. There were no differences between families
who agreed to participate in this study and those who did not in
terms of age, t(102) = 0.89, p = 0.38; t(427) = 1.08, p = 0.28, and
sex, χ2 (1, n = 530) = 1.16, p = 0.28.

Sample descriptives

Table 1 presents demographic, parental distress and pre-injury
estimates of behavior problems by group and Table 3 presents
injury-related characteristics. No group differences were found
on age, sex, ethnicity, family living arrangement, parental educa-
tion, and level of parental distress. The TBI and OI groups did not
differ in pre-morbid estimates of internalizing and externalizing
behavior problems. However, it is noteworthy that while not stat-
istically significant, the pre-morbid estimate of externalizing
behavior was higher for the TBI group.

Behavioral outcome

Figure 3 presents raw scores for mothers’ ratings on the CBCL at
T1 for all three groups. There was a significant group difference
for mothers’ ratings of internalizing behaviors [F(2, 229) = 5.53,
p = 0.01, η2 = 0.05], with higher ratings reported in the mTBI
group than in both the OI [p = 0.02, 95% CI (4.87–0.53)] and
the TDC groups [ p = 0.002, 95% CI (1.17–5.20)]. Mothers’ ratings
of externalizing behaviors also differed across groups [F(2, 229) =

6.10, p = 0.003, η2 = 0.05] with significantly higher ratings in the
mTBI group than in both the OI [ p = 0.01, 95% CI (5.65–0.83)]
and the TDC groups [ p = 0.001, 95% CI (5.91–1.43)]. In order
to confirm that the differences observed are not solely attributable
to the nine participants with complicated mTBI, the analyses were
repeated without this subgroup of participants. Results were still
significant, F(2, 220) = 5.85, p = 0.003 (internalizing behaviors)
and F(2, 220) = 6.87, p = 0.001 (externalizing behaviors), indicat-
ing that the inclusion of complicated mTBI participants does
not account for the higher rate of problems overall in the mTBI
group.

Furthermore, there was a significant group difference in the
proportion of children with clinically elevated scores on either
the Internalizing or the Externalizing problems scores, χ2 (2,
n = 229) = 8.36, p = 0.02. In the mTBI group, 38.4% of children
had at least one clinically elevated score, compared with 25.8%
in the OI group and 18.5% in the TDC group. Since there were
two pairwise comparisons of interest (mTBI v. OI and mTBI v.
TDC), we conducted a 2 × 2 χ2 test for each and considered the
Bonferroni-adjusted p value due to multiple comparisons.
Results indicate that the proportion of children whose scores
were clinically elevated was higher in the mTBI group compared
with the TDC group, χ2 (1, n = 167) = 8.03, p = 0.01, p = 0.02, but
not compared with the OI group, χ2 (1, n = 148) = 2.57, p = 0.11.

Predictors of behavioral problems

The results of the prediction model for internalizing behaviors
show that participants’ pre-existing characteristics (first block)
explained a significant 41.2% ( p = 0.001) of the variance in post-
injury internalizing problems. Pre-existing internalizing problems
was a significant independent predictor of post-injury internaliz-
ing problems (β = 0.60, p = 0.001). Family characteristics (second
block) and injury-related variables (third block) did not contrib-
ute to the model above and beyond participant characteristics.

The results of the prediction model for externalizing behaviors
show that participants’ pre-existing characteristics (first block)
explained a significant 38.4% ( p = 0.001) of the variance in post-
injury externalizing problems. Pre-existing externalizing problems
was a significant independent predictor of post-injury problems
(β = 0.56, p = 0.001). Moreover, family characteristics (second
block) explained an additional and significant 9.5% ( p = 0.01)
of the variance in externalizing problems. Parental distress was
found to be a significant independent predictor of post-injury
problems (β = 0.28, p = 0.002). Finally, injury-related variables
(third block) did not contribute to the model above and beyond
participant and family characteristics.

Discussion

This is a prospective study examining behavioral outcomes in pre-
school mTBI. The findings were consistent with our initial hypoth-
esis and indicate that mothers of children who sustain mTBI
observe more internalizing and externalizing behavioral problems
in their child compared with mothers of children with OI and
TDC. The observed difference between the mTBI and the unin-
jured group suggests that children who sustain mTBI have greater
behavioral difficulties than their peers, that is, the children with
whom they interact and are compared with in everyday life. In add-
ition to this, the difference between the mTBI and the OI groups
indicates that reported behavioral difficulties are not explained by
pre-existing psychosocial characteristics that place children at risk
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Table 2. Zero-order correlations in the mild traumatic brain injury (mTBI) group among relevant study variables

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1. Age at post-injury ass. 0.11 −0.16 −0.16 −0.09 0.12 0.04 0.14 −0.19 0.39* 0.01 0.28** 0.11 0.06 0.03 0.09 −0.18 −0.04 0.02 −0.15 −0.13

2. Sex − 0.29** 0.15 0.09 −0.04 0.05 0.08 −0.06 −0.01 0.11 0.03 0.11 0.04 −0.12 −0.20 0.19 −0.11 0.09 0.24* 0.23*

3. Pre-injury internal
probl.

– 0.69** 0.22* 0.14 0.05 0.05 −0.05 −0.11 0.06 0.09 −0.08 −0.03 −0.13 −0.12 −0.10 −0.04 −0.04 0.62** 0.37**

4. Pre-injury external
probl.

– 0.18 0.17 0.00 0.06 0.05 −0.02 0.08 0.07 −0.10 −0.14 −0.16 −0.19 −0.18 0.03 0.03 0.52** 0.57**

5. Parental education – 0.24* −0.27* 0.13 −0.13 −0.02 −0.11 −0.01 −0.05 −0.13 0.08 −0.16 −0.15 −0.22* 0.18 0.15 0.19

6. Family living
arrangement

– 0.00 0.19 0.11 0.15 −0.04 0.05 0.02 −0.08 −0.04 0.24* −0.12 −0.18 0.30** 0.10 0.18

7. Ethnicity – 0.34** 0.25* 0.18 0.20 −0.04 −0.08 0.00 −0.03 0.12 0.06 −0.10 −0.05 −0.04 0.02

8. PSIa – 0.15 0.12 0.08 −0.21 −0.03 −0.03 −0.06 0.20 −0.05 −0.01 0.28* 0.16 0.29**

9. Loss of consciousness – −0.05 −0.04 −0.32** −0.08 −0.04 −0.04 0.20 0.10 −0.07 0.03 −0.04 0.03

10. Headaches – 0.12 0.20 0.02 0.04 −0.09 0.02 −0.06 −0.12 0.12 −0.21 −0.17

11. Irritability – 0.05 0.09 0.14 −0.04 0.15 −0.03 −0.08 0.12 −0.01 0.07

12. Persistent vomiting – 0.18 0.04 −0.10 0.04 −0.03 −0.16 0.12 0.09 0.05

13. Drowsiness – 0.16 0.10 0.16 0.03 −0.29** 0.22* −0.04 0.01

14. Dizziness – −0.04 0.28** 0.48** 0.06 −0.06 −0.10 −0.12

15. Seizure – −0.03 −0.04 0.04 −0.09 −0.13 −0.13

16. Visual symptoms – 0.04 −0.10 0.02 0.04 0.07

17. Balance/motor
probl.

– 0.04 0.02 −0.05 −0.02

18. Lowest GCSb – −0.14 −0.01 −0.06

19. PCS-Ic – 0.12 0.15

20. Post-injury internal
probl.

– 0.73**

21. Post-injury external
probl.

–

Note: Variables correlated at a p-level < 0.20 were included in the regression models.
aPSI, Parenting Stress Index, Parental distress scale.
bGCS, Glasgow Coma Scale.
cPCS-I, Post-concussive Symptom Interview (symptoms since injury).
*p < 0.05. **p < 0.01.
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for the occurrence of injuries (e.g. lower socioeconomic status, par-
enting styles), nor are they the result of generic injury effects (e.g.
ensuing medical treatment, stress related to the visit to the hospital,
etc.). Rather, they appear to be brain-injury-specific and suggest
that even in its mildest form, early brain injury may cause disrup-
tion to the developing brain serious enough to result in behavioral
changes, which persist for several months post-injury. This is also
supported by the fact that the mTBI and the OI group were com-
parable in terms of pre-injury estimates of behavior problems, thus
signaling an increase in post-injury behavioral problems in the
mTBI group.

Although the mean scores obtained by the children with
mTBI fell within the normal range, almost 40% of children
with mTBI presented with at least one score within the border-
line or clinical range (above the 84th percentile) on either the
Externalizing or the Internalizing problems scales. Therefore,
for a considerable proportion of children with mTBI, behav-
ioral difficulties are severe enough to warrant further clinical
evaluation. The findings raise some concern for long-term out-
come given that behavioral difficulties in the preschool years
predict mental-health problems in later childhood, adolescence,
and adulthood (e.g. Lerner et al. 1985; Shoda et al. 1990; Caspi

Fig. 1. Recruitment and follow-up flowchart for the mTBI and OI groups.

(1) The following emergency department diagnosis was considered for participation in the study: mTBI group: traumatic brain injury, head fracture, concussion, intracranial bleeding/
hemorrhage, polytrauma; OI group: limb trauma leading to a final diagnosis of simple fracture, sprain, contusion, or unspecified trauma to an extremity.
(2) Potential participants who were not eligible because they did not satisfy an inclusion and/or exclusion criteria.
(3) Consented refers to those participants whose parents signed a consent form.
(4) These participants were excluded at T1 because they did not satisfy an inclusion and/or exclusion criteria that had not been detected at recruitment.
(5) Missing CBCL data at T1 either because the questionnaire booklet was not returned or because too many questions were left unanswered.
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et al. 1996; Mesman & Koot, 2001; Hirshfeld-Becker et al.
2007).

Our findings contrast with those of previous studies in which
adverse outcomes were only found in more severe forms of pre-
school mTBI that required hospitalization (McKinlay et al.
2009) or were only associated with history of multiple mTBI
(Liu & Li, 2013). Our findings also contrast somewhat with the
idea that mTBI is associated with adequate psychosocial outcome
with only a few children suffering negative consequences (Satz

et al. 1997; Carroll et al. 2004; Babikian & Asarnow, 2009). A pos-
sible explanation is that this cohort consists of the youngest and
possibly most vulnerable age group. This aligns with conclusions
from a meta-analytic review conducted by Babikian & Asarnow
(2009), concluding that the variability in reported outcomes
across studies pertaining to pediatric mTBI may be due to age
at injury, as prior studies have found poorer outcome in younger
children (Anderson & Moore, 1995; Dennis, 2000; Emery et al.
2016). Our study supports the conception that the developing
brain is vulnerable to early insult.

Our results also show that children who exhibit internalizing
and externalizing problems before the injury are more likely to
have poorer behavioral outcome post-injury. These findings
align with those of several studies suggesting that pre-morbid sta-
tus predicts TBI outcome (e.g. Novack et al. 2001; Babikian et al.
2013) and are in line with the conclusions of the systematic review
conducted by Emery et al. (2016) pertaining to psychiatric, psy-
chological and behavioral manifestations of pediatric mTBI,
which states that adverse outcomes are more prevalent in indivi-
duals with pre-existing psychiatric illness.

Interestingly, however, the current findings additionally sug-
gest that maternal distress predicts the emergence of externalizing
problems after the injury. It is possible that the relation between
children’s externalizing problems post-injury and maternal dis-
tress is reciprocal. For example, stress in parents post-injury
may lead to overprotectiveness, and children may react to this
manifestation of stress through defiant behavior or aggressiveness,
which in turn exacerbates parental distress. Previous work in pre-
schoolers and school-aged children with and without develop-
mental delays indicates that child behavior problems are both
an antecedent and consequence of parenting stress (Neece et al.
2012). Another hypothesis to explain the predictive link between
mother distress and mother-reported post-TBI behavior problems
is that the psychological state of the mother might influence the
way she perceives her child and fills out the questionnaire
(Treutler & Epkins, 2003). It is likely that a higher level of stress,
especially if it is related to the injury burden, leads mothers to
overestimate the presence of behavioral difficulties in their child.

Although injury-related characteristics did not predict out-
come in the current study, it is possible that this is due to the
measures used, which present limitations when used in very
young children who may not always be able to effectively commu-
nicate their symptoms and discomfort (e.g. headaches, blurred
vision) and who show limited introspective capacities. The

Fig. 2. Recruitment and follow-up chart for the TDC.

(1) Considered refers to participants whose parents were given a pamphlet of our study at
the local daycare and who gave their verbal consent to be contacted by the research
coordinator.
(2) Potential participants who were not eligible because they did not satisfy an inclusion
and/or exclusion criteria.
(3) Consented refers to those participants whose parents signed a consent form.
(4) These participants were excluded at T1 because they did not satisfy an inclusion and/
or exclusion criteria that had not been detected at recruitment.
(5) Missing CBCL data either because the questionnaire booklet was not returned or
because too many questions were left unanswered.

Table 3. Injury-related characteristics

mTBI
n = 86

OI
n = 62

Age at injury (months), M (S.D.) 36.50 (11.56) 36.58 (17.72)

Cause of accident, n (%) – –

Car accident 2 (2.33) 0 (0)

Accidental fall 78 (90.70) 35 (56.45)

Other 6 (6.98) 27 (43.55)

Lowest Glasgow Coma Score, M (S.D.) 14.85 (0.48) –

Presence of cerebral bleeding, n (%) 7 (8.14) –

Presence of skull fracture, n (%) 10 (11.63) –

Diagnosis of complicated mTBI, n (%) 9 (10.47) –
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validation of more appropriate measures to document neuro-
logical signs and post-concussive symptoms in this age group
could address this limitation in future work in preschool TBI
research (Beaudoin et al. 2017).

Limitations and future directions

The main limitation of this work is the reliance on a sole informant
(the mother) for providing post-injury behavioral ratings. In add-
ition to the fact that mothers could not be blinded to group status,
this introduces personal bias and confounds related to fatigue, anx-
iety, and parental concerns (especially given the extensive press
coverage of possible concussion effects). Future comparisons
should seek to include both parents, especially as discrepancies in
mother–father reports of behavior problems have previously been
observed (Christensen et al. 1992; Langberg et al. 2010; van der
Veen-Mulders et al. 2016). Future studies may also benefit from
the inclusion of other measures, other caregivers’ reports (e.g. pre-
school teachers) and/or direct observation. The retrospective
reports used in this study to evaluate pre-morbid behavioral pro-
blems may lead to bias related to the current parental perception
of child behaviors. However, there is no alternative way to circum-
vent the problem in this specific population inwhich true pre-injury
baseline data are not collected. The inclusion of indirect pre-morbid
measures could alternately be viewed as a methodological strength
compared with studies that fail to consider pre-existing status, which
has been shown to affect outcome after brain injury (Ponsford et al.
1999; Yeates, 2010; Babikian et al. 2013). Longer-term investigation
of the evolution of the problems observed here could be useful to
determine whether behavioral problems tend to decrease over time,
or on the contrary, whether they place children on a pathway toward
more serious problems during later childhood and adolescence.

Conclusion

Although several studies have investigated psychosocial outcomes
in youth with mTBI, very few have targeted preschoolers despite
the fact that the young developing brain is particularly vulnerable
to such insults. By examining the behavioral outcomes of pre-
school mTBI, this study brings a significant contribution to the
literature and improves on previous work in this area through
methodological strengths, which include the use of two compari-
son groups and pre-morbid estimates of behavioral problems. Our
findings show that children who sustain mTBI exhibit more
internalizing and externalizing problems than their peers 6

months post-injury, and that these problems are brain-injury spe-
cific. Despite the injury being mild in nature, parental coaching,
and other forms of preventive intervention from health practi-
tioners could be beneficial given that preschoolers are vulnerable
to adverse behavioral outcomes.
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