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ABSTRACT
Introduction  Mild traumatic brain injury (mTBI) is highly 
prevalent, especially in children under 6 years. However, 
little research focuses on the consequences of mTBI early 
in development. The objective of the Kids’ Outcomes And 
Long-term Abilities (KOALA) study is to document the 
impact of early mTBI on children’s motor, cognitive, social 
and behavioural functioning, as well as on quality of life, 
stress, sleep and brain integrity.
Methods and analyses  KOALA is a prospective, 
multicentre, longitudinal cohort study of children aged 
6 months to 6 years at the time of injury/recruitment. 
Children who sustain mTBI (n=150) or an orthopaedic 
injury (n=75) will be recruited from three paediatric 
emergency departments (PEDs), and compared with 
typically developing children (community controls, n=75). 
A comprehensive battery of prognostic and outcome 
measures will be collected in the PED, at 10 days, 1, 3 
and 12 months postinjury. Biological measures, including 
measures of brain structure and function (magnetic 
resonance imaging, MRI), stress (hair cortisol), sleep 
(actigraphy) and genetics (saliva), will complement 
direct testing of function using developmental and 
neuropsychological measures and parent questionnaires. 
Group comparisons and predictive models will test 
the a priori hypotheses that, compared with children 
from the community or with orthopaedic injuries, 
children with mTBI will (1) display more postconcussive 
symptoms and exhibit poorer motor, cognitive, social and 
behavioural functioning; (2) show evidence of altered 
brain structure and function, poorer sleep and higher 
levels of stress hormones. A combination of child, injury, 
socioenvironmental and psychobiological factors are 
expected to predict behaviour and quality of life at 1, 3 
and 12 months postinjury.
Ethics and dissemination  The KOALA study is approved 
by the Sainte-Justine University Hospital, McGill University 
Health Centre and University of Calgary Conjoint Health 
Research Ethics Boards. Parents of participants will 
provide written consent. Dissemination will occur through 

peer-reviewed journals and an integrated knowledge 
translation plan.

INTRODUCTION
Paediatric mild traumatic brain injury (mTBI, 
also called concussion) is a highly prevalent, 
chronic and complex health problem. Chil-
dren under 6 years of age constitute a high-
risk group, with a yearly rate of TBI of 1.85 
per 100 children (compared with <1.17 in 
older children),1–3 and children under the 
age of 3 years have an especially high inci-
dence of visits to the emergency department 
for head injury.4 International organisations 
have made a strong case for the urgency 
of large-scale collaborative studies on the 

Strengths and limitations of this study

►► The Kids’ Outcomes And Long-term Abilities (KOALA) 
study will be the first large, prospective, multicentre 
cohort study to focus specifically on mild traumatic 
brain injury (mTBI) in early childhood.

►► The study will be the first to include objective mea-
sures of parent and child stress after mTBI.

►► The KOALA study will systematically document brain 
integrity and sleep in young children using state-of-
the-art, developmentally appropriate methods.

►► There is currently no consensus on diagnostic cri-
teria for identifying mTBI in children 5 years and 
under; the definition used here, therefore, relies on 
previous empirical work in this age group.

►► The study includes only children recruited in urban 
paediatric emergency departments, and therefore, 
the sample may not be representative of children 
who sustain early mTBI, but are not evaluated in 
emergency departments.
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prevention, diagnosis and treatment of paediatric TBI,5 6 
yet few multicentre studies focus on mTBI sustained in 
early childhood (where ‘early’’ is defined here as occur-
ring in infants, toddlers and preschoolers before 6 years 
of age).

Young age at injury influences morbidity due to the 
unique pathophysiology associated with insults to the 
immature brain.7 Given the same mechanical force, young 
brains are more likely to suffer severe injury because of 
the relatively large and heavy heads of small children and 
their weak cervical ligaments and muscles, as well as the 
fragility of their thin, pliable skulls and unfused cerebral 
sutures.8 TBI may also be especially debilitating early in 
development due to the vulnerability of the maturing 
brain and instability of emerging functional capacities. 
For instance, appropriate cognitive and social develop-
ment are critically dependent on the integrity of partic-
ular brain structures at early stages of development and 
on children attaining key developmental milestones.9 10

Most studies of early TBI focus on moderate to severe 
injuries and highlight heightened levels of externalising 
behaviour problems, as well as lower levels of attentional, 
language, executive, social, academic and intellectual 
functioning, with problems persisting in some cases into 
adolescence and early adulthood.11–16 Evidence suggests 
worse outcomes in preschool children with TBI compared 
with those aged 6 and older,17–21 and in infants compared 
with preschoolers in some areas of functioning.22 One 
of the largest single-centre, prospective cohorts of early 
TBI (Learning to Interact Optimises Neurons (LION) 
Project: 18–60 months, all TBI severities) indicates that 
even mTBI sustained early in life can critically disrupt 
social functioning, such as affect recognition and the 
ability to understand other people’s perspectives (theory 
of mind),23–25 and can result in reduced quality parent–
child interactions and elevated behaviour problems,26 27 
in some cases altering expected developmental trajecto-
ries of social and behavioural functioning more than 18 
months postinjury.28

As in older children and adults who sustain TBI, 
outcomes are likely to be influenced by the complex 
interaction of injury factors (eg, timing, severity, loca-
tion), demographic and premorbid factors (eg, age at 
injury, temperament and character traits, resilience, 
preinjury functioning) and social-environmental factors 
(eg, socioeconomic status (SES), parent mental health, 
familial functioning).29–31 However, risk and protective 
factors have not been extensively studied after early TBI 
and are likely to contribute differentially when compared 
with older children and adults given that early childhood 
is subject to different influences (eg, greater reliance of 
young children on their parents).32 33

Studies in older children with TBI indicate that biolog-
ical and psychological markers such as TBI-induced 
neuropathology,34 35 genetics,36 sleep37 38 and stress 
response may be useful prognostic markers of recovery, 
but they have rarely been studied after early TBI. Due to 
methodological limitations (eg, motion artefacts,39 such 

as blurring and ghosting in the image, resulting from the 
prolonged time needed to stay still while sufficient data 
is collected to form an image; use of sedation) associated 
with the challenge of performing brain imaging in young 
children, no magnetic resonance imaging (MRI) study 
of early TBI includes advanced research sequences (eg, 
diffusion MRI, susceptibility weighted imaging (SWI), 
resting state functional MRI). These sequences are known 
to have the potential to detect subtle brain changes asso-
ciated with mTBI.40–42 To our knowledge, only one study 
has investigated the contribution of genetic factors to 
recovery after early TBI.43 Fatigue or sleep-wake distur-
bances may exacerbate problems after TBI,38 but again 
only one study has used an objective measure (actigraphy) 
to document this association after early TBI.44 45 Finally, 
stress response induced by the injury in both the child 
and his/her family have been shown to affect outcome 
after childhood TBI,46–48 but these effects have only been 
studied with subjective stress questionnaires.27

In sum, well-controlled, prospective cohort studies that 
comprehensively assess prognostic features and outcomes 
of early mTBI are lacking. Little is known about the 
combined risk factors for poor outcome and patterns of 
vulnerability and resilience across functional domains 
after early mTBI.

OBJECTIVES
The aims of this multicentre, prospective, longitudinal 
study are therefore to:
1.	 Document the consequences of mTBI sustained during 

early childhood in terms of postconcussive symptoms 
(PCS), motor, cognitive, social and behavioural func-
tioning, as well as sleep quality, stress and quality of 
life.

2.	 Assess the neuropathological consequences of early 
mTBI and evaluate the incremental prognostic value 
of advanced neuroimaging biomarkers.

3.	 Determine the combined contribution of host (child), 
injury, socialenvironmental and psychobiological fac-
tors on outcome after early mTBI.

The main study hypotheses are :
A) infants, toddlers and preschoolers (ie, children 

under the age of 6 years) with mTBI will display increased 
PCS in the first month postinjury and exhibit poorer 
motor, cognitive, social and behavioural functioning, as 
well as disrupted sleep patterns, increased stress hormone 
levels (child and parent) and poorer quality of life, 
compared with comparison children from the commu-
nity or with orthopaedic injuries.

B) advanced MR neuroimaging sequences will allow 
detection of subtle changes in brain structure and 
connectivity after early mTBI; it is expected that micro-
haemorraghic lesions will be found in some participants 
and that those with mTBI will have reduced resting-state 
connectivity.

C) A combination of host (eg, child age, sex, genetics, 
premorbid temperament, resilience, adaptive skills, 
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behaviour, cognition), socioenvironmental (eg, parent 
mental health, family functioning, parent–child inter-
actions, SES), injury (eg, injury severity markers, PCS, 
neuropathology) and psychobiological (eg, stress, sleep) 
factors will jointly contribute to predicting global func-
tional outcome (eg, PCS, behaviour, quality of life) at 1, 3 
and 12 months postinjury.

METHODOLOGY
Design
This is an ongoing multisite, prospective, longitudinal 
cohort study of mTBI sustained in children between the 
ages of 6 months and 6 years. Eligible children presenting 
with mTBI to three urban paediatric emergency depart-
ments (PEDs; CHU Sainte-Justine (CHUSJ), Montreal Chil-
dren’s Hospital-McGill University Health Centre, Alberta 
Children’s Hospital (ACH)) will be recruited to participate 
and will be followed for 12 months post-injury (start date: 
April 12, 2019, projected end date: September 2022).

Patient and public involvement
A patient representative (parent of toddler with mTBI) 
was included on the funding application that led to this 
project and contributed to establishing programme prior-
ities and patient perspective. We also received input from 
a focus group of parents of young children with mTBI 
on their postinjury experience and regarding commonly 
observed symptoms and behaviours after mTBI. We 
intend to disseminate the main findings to participants’ 
families by way of an integrated knowledge translation 
plan and will seek patient/public involvement in the 
method choice and application thereof.

Participants
Participants (6 months to 5.99 years of age at injury 
(mTBI/orthopaedic injury, OI) or recruitment (commu-
nity controls, CC) will be recruited over a period of 
approximately 2 years. Children with non-intentional 
mTBI (n=150) will be identified using early childhood-
specific criteria (described below) and compared with 
group-matched OI (n=75) and typically developing 
community comparison groups (CC, n=75) at a 2:1 
recruitment ratio. An OI comparison group is thought 
to more accurately mimic the general trauma and injury 
confounds of mTBI (eg, pain, traumatic accident, stress, 
hospital-related experience) and thus be more compa-
rable to individuals with mTBI than CC. However, recent 
evidence suggests that the advantages of an OI group 
are not as substantial as previously thought, at least for 
preschool children.49 50 Both OI and CC groups will be be 
included here to ensure the findings in the mTBI group 
are brain injury-specific, given that previous work in this 
age group has not verified the comparability of OI and 
CC groups on all of the study variables of interest.51

Inclusion criteria
Mild traumatic brain injury
MTBI will be defined as per operational criteria devel-
oped based on previous work in this age group such as by 

Osmond et al,52 in the LION cohort,26 and in the Canadian 
paediatric mTBI Common Data Elements project.53 Thus, 
a child will be enrolled in the mTBI group according the 
the following criteria.
1.	 Aged 6 months to 5.99 years old.
2.	 Presenting to the PED within 48 hours of injury (trans-

fer from outside hospital is not an exclusion criterion 
as long as it occurs within 48 hours of injury).

3.	 Sustained a mTBI as per the following:
–– Witnessed, non-intentional, traumatic event (hit, 

fall, motor vehical accident, etc.) resulting in a non-
penetrating injury.

–– Glasgow Coma Scale (GCS) score between 13 and 
15; using an age appropriate GCS

WITH one or more of the following.
–– Palpable skull fracture.
–– Headache(s).
–– Altered mental status (including agitation, somno-

lence, slow response, repetitive questioning, confu-
sion).

–– Excessive irritability (more than usual) or ‘‘not act-
ing normally’ (according to parents).

–– Loss of consciousness (any).

Orthopaedic injury
Participants will be enrolled in the OI group if:
1.	 Aged 6 months to 5.99 years.
2.	 Presenting to the PED within 48 hours of injury for an 

upper or lower limb trauma leading to a final diagnosis 
of simple fracture, sprain, contusion or other trauma 
to an extremity.

Community controls
Children aged 6 months to 5.99 years will be recruited 
in Montreal and Calgary and will represent same-age 
peers assumed to have a typical course of neurobiological 
development.

Exclusion criteria
mTBI/OI groups
Children will be excluded in the following cases:
1.	 Hypoxia, hypotension or shock during or following the 

injury (ie, systolic blood pressure below 1 SD for age, 
O2 saturation <95% requiring a medical intervention 
(eg, oxygen supply), clinical signs of hypoperfusion).

2.	 Administration of sedative medication (propofol, ket-
amine, nitrous oxide, midazolam, benzodiazepines; 
opioid administration is not an exclusion if used for 
pain management).

3.	 Surgical intervention following the injury.
4.	 Injury related to suspected or known abuse or assault 

(non-accidental).
5.	 Participating in a clinical intervention trial (ie, receiv-

ing anything other than standard clinical care).
6.	 Legal guardian not present or child in foster care.

All groups
1.	 Insufficient mastery of English or French to complete 

questionnaires (parents) or assessment (child).
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2.	 Diagnosed, severe premorbid congenital, neurologi-
cal, developmental, psychiatric or metabolic disorder 
(children who receive a diagnosis over the course 
of the study will be excluded from subsequent time-
points, except in the case of attention-deficit/hyper-
activity disorder or learning disabilities, which are risk 
factors for poor outcome after TBI and frequent co-
morbidities.54–56

3.	 Children born with a history of prematurity (Gesta-
tional age <36 weeks).

4.	 History of prior TBI serious enough to warrant a vis-
it to the PED (children who sustain a subsequent 
mTBI over the course of the study will be kept in the 
study; those in the OI and CC groups will be offered 
re-enrolment into the mTBI group, and those in the 
mTBI group will be recategorised into a ‘multiple 
mTBI’ subgroup).

5.	 A child or primary caregiver currently taking any of 
the following medications will be excluded from the 
cortisol analyses: neuroleptics, antidepressants, anxio-
lytiques, glucocorticosteroids, antiepileptics, sedatives, 
cholesterol medications, antiinflammatories.

Procedures
See figure 1 for a summary of the study procedure and 
timing of assessments and data collection.

Screening and recruitment
All children presenting to the PED and fulfilling the 
inclusion/exclusion criteria will be immediately iden-
tified by the study PED research personnel, who will 
check the PED log for presentations corresponding to 

mTBI and OI criteria. Information on number of chil-
dren screened will be entered into a screening log for 
construction of a patient flow chart, as per Strengthening 
the Reporting of Observational Studies in Epidemiology 
clinical research guidelines.57 All mTBI and OI fulfilling 
inclusion/exclusion criteria will be invited to participate 
in the study; those who agree will sign consent forms at 
the time of recruitment in the PED. For children whose 
parents decline participation, only their sex and age will 
be kept to determine any recruitment bias. Children in 
the CC group will be recruited via pamphlets and signs 
in local daycares, kindergartens, early childhood care 
centres, community centres and locations frequented by 
parents of young children (eg, breasfeeding clinics, play 
centres, baby stores).

Data collection
Acute injury stage
Day of injury will constitute the initial time point of the 
study (T1) and corresponds to the acute injury stage in 
the PED. As soon as consent is obtained, the following T1 
measures will be obtained: the parent will complete an 
observational report of their child’s PCS using the Report 
of Early Childhood Traumatic Injury Observations and 
Symptoms (REACTIONS58) and the research personnel 
will complete a behavioural observation measure of pain 
in infants and children, the Face Legs Activity Cry and 
Consolability (FLACC)59 60 scale. The research personel 
will also complete a case report form documenting acute 
signs and symptoms of mTBI based on medical record 
data (ie, loss of consciousness; GCS scores; mechanism of 

Figure 1  KOALA study summary procedure and timeline for data collection. ED, emergency department; KOALA, Kids’ 
Outcomes And Long-term Abilities; MRI, magnetic resonance imaging, mTBI, mild traumatic brain injury; OI, orthopaedic injury.
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injury; neurological status; clinical interventions and treat-
ments). During the PED visit, the research personnel will 
also collect a parent and child hair samples (minimum 5 
mg, up to 3 cm in length) for the measurement of prein-
jury stress hormone levels (ie, cortisol).

Retrospective preinjury estimates
An approximation of the child and parent’s preinjury 
state will be obtained by having parents complete a series 
of questionnaires pertaining to functioning before the 
injury (T0) in the following domains: PCS, behaviour and 
socioemotional skills, social cognition and competence, 
family functioning, parent mental health and quality of 
life. The parents will be invited to complete these pre-
injury measures as soon as possible following the injury 
and before the first follow-up at 10 days postinjury (T2).

Follow-up assessments
Follow-up time points include completion of child assess-
ments and parent questionnaires at 10 days postinjury 
(T2), 1-month postinjury (T3) and 3 months postinjury 
(T4), as well as a telephone follow-up (semistructured 
interview) and parent questionnaires 12 months post-
injury (T5). In order to manage the rapid timeframe 
between the PED (T1) and T2 visit at 10 days postinjury, 
the study coordinator will contact the family within 24 
hours to book the appointment and an email confirma-
tion will be sent as well as a link for completing the prein-
jury questionnaires.

Child
For the child assessments, participants will be assessed 
by trained research assistants in a standard evaluation 
room. Assessments will last between 30 and 60 min and 
will consist of a combination of paper-pencil, computer 
and observational measurements of a range of domains: 
global development, language, executive functions, 
motor skills, social cognition and competence, socioemo-
tional functioning, pain and parent–child interactions 
(table  1). Children will also complete a sleep quality 
assessment (actigraphy), saliva sample collection for 
genetic markers assessment (optional) and hair sample 
collection for stress measurement (when possible). Chil-
dren 24 months and older will also answer some simple, 
qualitative questions about the accident related to their 
injury (Injury Story). All assessments will be videotaped 
for future scoring, coding and reference. Children 36 
months and older will additionally complete an MRI 
examination.

Parent
At each timepoint, the child’s primary caregiver will 
complete questionnaires measuring a range of domains: 
Demographics and medical history (including injury 
story), child PCS, child behaviour and socioemotional 
skills, child social cognition and competence, child sleep 
and fatigue, child quality of life, family functioning, 
parent mental health and parent quality of life (table 1). 
When both parents/legal guardians are present and 

willing to complete questionnaires independently, they 
will be encouraged to do so, and their scores will be aver-
aged provided the correlations between them are suffi-
ciently high. Primary caregivers will also provide a hair 
sample for stress measurement (when possible).

Measures
Measures completed by the child
Child assessment protocols will encompass three main age 
bands: 6–11.99 months, 12–23.99 months and 24–71.99 
months. Details of the child measures included for each 
age band and the timepoints at which they will be admin-
istered are presented in table 1.

Injury Story (T2)
Children aged 24 months and older will be asked a series 
of questions about their injury (mTBI and OI groups). 
The verbatim recording of their answers will be analysed 
using qualitative content and theme analysis in order to 
identify common mechanisms and reactions to concus-
sion in young children and memory for the event.

Global Development (T3)
Brigance Early Childhood Screens III61 62: This screen 
will be used to assess child development in all age groups 
using 81–85 items for descriptive purposes, providing a 
standardised Total Score and subscores for motor devel-
opment, language, cognitive and adaptive skills.

Language (executive aspects, T3)
Speeded Naming (Developmental NEuroPSYchological 
Assessment, NEPSY-II)63: This test assesses rapid semantic 
access to and production of names of colours, shapes, 
sizes, letters or numbers in children older than 36 months 
of age. Children are shown an array of stimuli and are 
asked to name them in order as quickly as possible. Chil-
dren receive 1 point for each correct answer. Total correct 
responses and total completion time are calculated.

Word Generation (NEPSY-II)63: This measure assesses 
verbal productivity through the ability to generate words 
within specific semantic and initial letter categories in 
children older than 36 months of age. Children are given 
a semantic or initial letter category and asked to produce 
as many words as possible in 60 s. Children receive one 
point for each correct answer. Total orrect response is 
calculated.

Executive Functions (T2 and T4)
Minnesota Executive Function Scale64: This adaptive 
assessment of global executive function is designed for 
children 24 months and older and will be administered 
individually on a touch-screen tablet. The total score 
(0–100 range) takes both trial accuracy and response 
time into account.

Bear and Dragon task65 66: This simplified version of 
the classic game ‘‘Simon Says’’ includes 10 items assessing 
inhibition in children 24 months and older. Children 
are instructed to do what the nice bear asks them (eg, 
‘touch your nose’), but not to do what the mean dragon 
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commands. Scores range from 0 (a full commanded 
movement) to 3 (no movement) on each dragon trial. 
Higher total score indicates better inhibitory control.

Delayed Response Task67 68: This task includes 10 items 
to assess working memory in children between the ages 
of 12 and 24 months. A toy is hidden under one of two 
cups, and children are instructed to find the toy after a 5 
s delay. Children receive 1 point for each correct reach. 
The correct response total score corresponds to the sum 
of the correct reaches.

Picture Memory task (Wechsler Preschool and Primary 
Scale of Intelligence, WPPSI-IV)69: In this 35 item working-
memory test, children 30 months and older view a stim-
ulus page of one or more pictures for a specified time 
and then select the pictures from options on a response 
page. Pictures that children have seen earlier in the test 
may be repeated, so children have to remember if this was 
something they just saw, or something they saw earlier on 
a different question. Children receive 1 point for each 
correct answer. Higher total score reflects higher working 
memory performance.

Stationary Boxes Task68: This task assesses working 
memory in children aged 12 months and older. Children 
are required to keep track of the location where they 
have previously searched for a reward from a fixed array 
of identical boxes (3, 6 and 9 boxes for children 12–30, 
31–59 and 60+ months). Search efficiency score (number 
of boxes/total number of reaches) and perseverative 
errors ratio (number of reaches to a previous location on 
consecutive trials/number of boxes) are calculated.

Motor Functions (T3)
Brigance Inventory of Early Development III61: The 
Motor subsets from the inventory will be used to assess 
gross and fine motor skills in all children.

Social cognition and competence (T3)
Early Social-Communication Scales (ESCS)70: A subset of 
the observational ESCS protocol will be used to explore 
initiation of and response to joint attention in children 
younger than 36 months. The examiner presents a series 
of toys and tasks and attempts to engage the children to 
elicit socialcommunication skills. Behavioural ratings are 
made from videotaped sequencing according to the ESCS 
coding guidelines.

Infants’ Affective Response to Distress71 72: In this obser-
vational measure designed for children 24 months and 
older, the examiner pretends to hurt him/herself during 
an interaction with the children, and the children’s affec-
tive response to the examiner’s distress is scored on a 
four-point Likert scale (0 = ‘no expression of distress or 
concern’ to 3 = ‘strong indications of concern, worry or 
distress’).

Emotion-Discrimination task73: In this test of facial 
emotion recognition in children 24 months and older, 
a sheet of paper portraying two facial expressions (eg, 
happy vs sad) is presented to the children. Children are 
then handed six cards one by one (eg, three happy and 

three sad) and asked to place each card on the similar 
expression on the sheet of paper. The number of cards 
correctly placed measures the child’s ability to discrimi-
nate facial expressions of emotion.

Socioemotional Functioning (temperament, T2)
Laboratory Temperament Assessment Battery-Attractive 
Toy subtest (Lab-TAB)74: In this subtest, the child’s 
response to frustration is measured observationally by 
placing a desired toy behind a plexiglass barrier (<36 
months) or in transparent Box (≥36 months). Frustra-
tion is coded based on the intensity of struggle (verbal 
and physical action against the barrier or the box), Facial 
Anger, Facial Sadness and Distress or Protest Vocalisations.

Pain (T1, T2, T3 and T4)
FLACC59 60scale (T1): This scale is a behavioural observa-
tion measure of pain in infants and children of all ages. 
The FLACC includes behavioural categories and a variety 
of descriptors that are reliably associated with pain in chil-
dren. This tool requires scoring of each of five behaviours 
on simple 0–2 ordinal scales, to provide a composite 
ordinal pain score of 0–10.

Pain Ratings (T2, T3 and T4): Pain intensity is assessed 
by asking children older than 24 months to point on a 
body diagram or on their own body where they have had 
aches or pains over the previous week. If they point to 
several areas, they are asked to identify which hurt the 
most. A 10-point faces rating scale (from very happy face 
corresponding to no pain, to crying face corresponding 
to very painful) is used to rate how much pain they felt.

Parent–child interactions (T2, T3 and T4)
Mutually Responsive Orientation scale (MRO)75 76: The 
quality of parent–child relationships will be assessed obser-
vationally via 10 min videotaped interaction sequences 
(<12 months: free pay;≥12 months: free play and snack). 
The videotaped interactions will be coded with regard to 
the dyadic nature of the parent–child exchanges across 
three subscales (Harmonious Communication, Mutual 
Cooperation and Emotional Ambiance). An MRO Total 
score is obtained by averaging the three MRO subscales.

Sleep (T2)
Actigraphy: This method allows an objective assessment 
of sleep-wake cycles in young children.77 Children will 
be provided with an actigraph (Philips Respironics Acti-
watch-2) to wear on their wrist (first choice) or ankle 
(second choice), 24 hours a day except when bathing 
for a total of 7 days. Actigraphs provide valid and reliable 
measures of the sleep-wake cycle in infants and young 
children.45 Children will be encouraged to wear the acti-
graph for seven consecutive days; however, data will be 
used regardless of the number of days the child ultimately 
wears the actigraph.78

Brain structure and function (T3)
MRI: Advanced reseach MRI examnations will be 
performed in a subgroup of study participants, namely 
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those between 36 and 72 months of age. All participants 
of this age without any contraindications to MRI will be 
invited to complete MRI either on the same day as their 
T3 follow-up (1-month postinjury) or on a separate day 
within a window of ±14 days depending on scanner and 
family availability. MRI sequences will be acquired without 
sedation after participation in a behavioural familiarisa-
tion paradigm developed by Frayne et al79 and adapted 
and validated by our team.80 As part of this paradigm, chil-
dren watch a movie during image acquisition. MR images 
will be acquired on a 3T GE scanner using a 32 Channel 
matrix head coil at either the ACH or CHUSJ sites. 
The sequences acquired include T1-weighted anatomic 
MRI, quantitative susceptibility mapping (QSM, from 
which SWI will be derived), diffusion-weighted imaging, 
T2-weighted anatomic MRI and resting-state functional 
MRI (see table 2 for complete sequence parameters). This 
last sequence will occur while the participants continue to 
watch the movie.

Preinjury and postInjury Child Stress (T1 and T4)
Hair sample: Stress hormones levels (ie, cortisol) that 
accumulate in hair samples provide a measure of stress 
response over time in humans.81 A 3 cm hair sample of 
approximately 7.5 mg will be obtained from children, 
when possible, during their ED visit (T1). This sample 
will represent approximately 3 months of pre-injury accu-
mulation of cortisol. A second sample will be obtained 
3 months postinjury (T4), representing approximately 
3 months of postinjury accumulation of cortisol. Hair 
samples will be stored in aluminium foil until they are 
batch sent for analysis.

Genetics (T3)
Saliva: This is an optional portion of the study. Chil-
dren will be asked to provide a saliva sample (2.5 mL) 
in person at T3 using an assisted saliva collection tube 
(Oragene DNA, model OG-575). Samples will be identi-
fied based only on a study ID number. Initial analyses will 
focus on the brain-derived neurotrophic factor (BDNF) 
val66met polymorphism to replicate the most common 

investigations performed in older children with TBI82; 
however, remaining samples will be biobanked for further 
analyses on relevant genetic markers.

Measures completed by parents
Parent questionnaires are selected to ensure validity in 
the three study age bands . Details of the parent question-
naires included for each age band and the timepoints at 
which they are administered are presented in table 3.

Demographic information and medical history (T2 and T3)
ABCs Laboratory Sociodemographic Questionnaire (T3): 
This questionnaire provides information on the child’s 
sex, handedness, ethnicity, birth characteristics, and 
developmental and medical history, as well as parent 
education, income and family characteristics. These vari-
ables will be used for descriptive and predictive purposes.

Injury story (T2): Parents of children (all ages) with 
mTBI or OI will be asked several questions related to 
the mechanism of their child’s injury and their verbatim 
answers will be analysed using qualitative content and 
theme analysis in order to identify common mecha-
nisms and reactions to concussion in young children and 
memory for the event.

Child PCS
REACTIONS(all timepoints)58: This 106 item observa-
tional questionnaire is designed to document manifesta-
tions of common concussive symptoms in early childhood. 
Parents are asked to report whether their child verba-
lises symptoms typically associated with concussion and 
to indicate whether the child manifests behaviours that 
could be associated with these symptoms. Three domains 
of PCS are considered: cognitive (attention/concentra-
tion, memory, thinking or moving slowly), physical (head-
ache, nausea, balance, fatigue, sleep, vision, sensitivity to 
light/noise/touch) and behavioural (irritability, mood 
and motivation, anxiety, regression, comfort).

Glasgow Outcome Scale-Extended Peds (T4 and T5)
83: 

For all age groups, global outcome and severity of TBI 
will be assessed in a semistructured interview resulting in 

Table 2  KOALA MRI protocol acquisition parameters

Sequence Echo time
Repetition 
time

Inversion 
time

Flip 
angle FOV

Slice 
thickness

Slice 
spacing Plane

1 T1-weighted anatomic MRI 540 12 23 0.9 – Axial

2 Quantitative susceptibility 
mapping

Min full Minimum – 10 24 1.9 – Axial

3 Diffusion-weighted imaging 30 
directions

Minimum 6750.0 – – 20 2.2 0.0 Axial

4 Susceptibility-weighted 
imaging

Min full 2600.0 – 40 20 2.5 0.0 Axial

5 T2-weighted anatomic MRI Min full 450.0 – 30 23 3.6 0.0 Oblique

6 Resting-state functional MRI 30.0 2000.0 – 60 23 3.6 0.0 Oblique

Children will watch a movie of their choice throughout the MRI acquisition protocol.
KOALA, Kids’ Outcomes And Long-term Abilities; MRI, Magnetic Resonance Imaging.
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an eight category classification: Dead, Vegetative State, 
Lower Severe Disability, Upper Severe Disability, Lower 
Moderate Disability, Upper Moderate Disability, Lower 
Good Recovery and Upper Good Recovery.

Child Behaviour and Socioemotional Skills (T0, T3, T4 and T5)
Brief Infant Toddler Social Emotional Assessment84 85 (T0, 
T3 and T5): This 42-item questionnaire will be used in chil-
dren 12–24 months of age to measure social emotional 
problems (externalising problems, internalising prob-
lems, problems of dysregulation maladaptive behaviours, 
atypical behaviours) and competencies (attention, 
compliance, mastery motivation, prosocial peer rela-
tions, empathy, imitation/play skills, social relatedness) 
rated on a 3-point scale (0=not true/rarely, 1=sometimes 
true/sometimes and 2=very true/often). Responses are 
summed for each scale.

Strengths and Difficulties Questionnaire86 87 (T0, T3 
and T5): This 25-item questionnaire measures emotional 
symptoms, conduct problems, hyperactivity/inattention, 
peer relationship problems and prosocial behaviour in 
children 24 months and older on a 3-point scale (0 = ‘‘not 
true’’, 1 = ‘‘sometimes true’’ and 2 = ‘‘certainly true’’). 
The score for each scale is the sum of item scores, gener-
ating a scale score from 0 to 10. A total difficulties score 
(from scores for hyperactivity, emotional symptoms, 
conduct problems and peer problems) ranges from 0 
to 40.

Infant Behaviour Questionnaire-Revised/Early Child-
hood Behaviour Questionnaire/Children’s Behaviour 
Questionnaire88 89 (T0 and T4): Each of these age appro-
priate 36-item questionnaires rates child temperament 
(all age groups) on a 7-point Likert scale (from ‘extremely 
untrue of your child’ to ‘extremely true of your child’). 
Three dimensions of temperament are derived: Surgency, 
Negative Affectivity and Effortful Control.

Devereux Early Childhood Assessment (DECA-Infant, 
DECA-Toddler, DECA-Preschoolers)90 91 (T0): These age 
appropriate 36–38 item questionnaires will be used in all 
age groups to assess positive behaviours (strengths) typi-
cally seen in resilient children. Three protective factor 
scales are derived: Initiative (child’s ability to use inde-
pendent thought and actions to meet her or his needs), 
Attachment/Relationships (mutual, strong, long lasting 
relationship between the child and significant adults) and 
Self-Regulation (not in infant version, child’s ability to 
gain control of and manage emotions, and sustain focus 
and attention). A Total Protective Factors scale provides 
an overall indication of the strength of the child’s protec-
tive factors.

Child Social Sognition and Competence (T0, T3 and T5)
Adaptive Behaviour Assessment System-392 (T0 and T3): The 
24-item Social subscale provides a comprehensive assessment 
of everyday social adaptive functioning in children as young 
as 6 months of age. The caregiver indicates the frequency at 
which a behaviour is demonstrated on a 4-point scale (from 
0=Is not able, to 3=Always when needed).

Empathy Questionnaire93 (T3): 20 items representing 
three facets of empathy observable in children older than 12 
months (Emotion Contagion, Attention to others' emotions, 
Prosocial responses to others' emotions) are rated in terms 
of the degree to which each item applies to the child on a 
3-point scale (0=never, 1=sometimes, 2=often). A total score 
of empathy includes all 20 items.

Children’s Social Understanding Scale94 (T5): 18 items 
assess theory of mind abilities in children as young as 6 
months. Items are answered on a scale from ‘1 Definitely 
Untrue’ to ‘4 Definitely True’). A total score corresponds to 
the mean of all items.

Child Sleep and Fatigue (T2, T3 and T4)
Paediatric Quality of Life Inventory Multidimensional 
Fatigue Scale (PedsQL)95 (T2, T3 and T4): 18 items measure 
signs of fatigue in children 24 months and older across three 
subscales (General Fatigue, Sleep/Rest Fatigue, Cognitive 
Fatigue) rated on a 5-point scale from 0 (never) to 4 (almost 
always).

Sleep Disturbance Scale for Children96 (T3): 26 items cate-
gorise sleep disorders in children as young as 6 months on 
a 5-point scale (from ‘never’ to ‘always’) across six disorder 
subdomains (initiating and maintaining sleep, sleep 
breathing, arousal, sleep-wake transition, excessive somno-
lence, sleep hyperhidrosis). The Total sleep disturbance 
score corresponds to the sum of the six factor scores. Higher 
scores reflect greater sleep disturbance.

Child Behaviour Checklist Sleep Problems Scale97 (T3): 
This parent-report behaviour questionnaire includes a Sleep 
Problems scale generated by summing up scores on the seven 
sleep items: (1) ‘Does not want to sleep alone,’ (2) ‘Has 
trouble getting to sleep,’ (3) ‘Nightmares,’ (4) ‘Resists going 
to bed at night,’ (5) ‘Sleeps less than most children during 
day and/or night,’ (6) ‘Talks or cries out in sleep,’ and (7) 
‘Wakes up often at night.’ Parents are asked to describe 
their child’s sleep-related behaviour on a 3-point Likert scale 
(0=not true; 1=somewhat or sometimes true; 2=very true or 
often true).

Sleep diary (T2): During a total of 7 days, parents will be 
asked to indicate for each half-hour of the day whether the 
child was awake or asleep, and where he or she slept (eg, 
child’s bedroom, car) or did not wear the actigraph (eg, 
bath), and to report any unusual events (eg, illness). This 
assessment is concurrent with child’s sleep assessment using 
actigraphy.

Quality of life (T0, T3, T4 and T5)
Health-Related Quality of Life (HRQoL-4)98(T0 and T3): 
4 items measure parental quality of life via a self-report 
of global health including a measure of days consid-
ered to be ‘unhealthy’ and an estimate of the number 
of days on which poor physical or mental health kept 
the respondent from engaging in his or her typical daily 
activities.

PedsQL 4.099 (T4, and T5): 21–25 items measure HRQoL 
in children as young as 6 months on a 5-point scale (from 
0=never to 4=almost always) across four domains (phys-
ical, emotional, social, school). It provides a total scale 
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score (0–100), a physical health summary score and a 
psychosocial health summary score.

Family Functioning (T0 and T3)
Dyadic Adjustment Scale100 101: 4 items measure couple 
satisfaction. Three items are on a 6-point Likert scale 
ranging from 0 (all the time) to 5 (never), while the 
final item is on a 7-point scale ranging from 0 (extremely 
unhappy) to 6 (perfect). The Total Score corresponds to 
the mean of all items. Higher scores reflect higher couple 
satisfaction.

Family Assessment Device102: 12 items measure family 
adjustment rated on a 4-point scale corresponding to 
the degree to which the statement describes the family 
(1=strongly agree, 2=agree, 3=disagree, 4=strongly 
disagree). The total score corresponds to the mean of all 
items. Higher scores indicate poorer family functioning.

Parent Mental Health (T0 and T3)
Hospital Anxiety and Depression Scale103: 14 items assess 
anxiety and depression in adults on a scale from 0 (Not 
at all) to 3 (Most of the time) resulting in a depression 
score, an anxiety score, and a total score. Higher scores 
indicate more symptoms.

Preinjury and Postinjury Parent Stress (T1 and T4)
Hair sample: A 3 cm hair sample of approximately 7.5 
mg will be obtained from parents, when possible, during 
their ED visit (T1) representing approximately 3 months 
of preinjury accumulation of cortisol; and 3 months post-
injury (T4), representing approximately 3 months of 
postinjury accumulation of cortisol. Parent stress levels 
will be studied in associated with child stress levels as 
well as behavioural and cognitive recovery given previous 
evidence that parent stress may impact outcome after 
TBI.104

Data management and privacy protection

Database
The database will be maintained in Research Electronic 
Data Capture (REDCap), a web-based platform that 
allows remote data entry from each site. All data will be 
entered directly into REDCap whenever possible. Data, 
that is, transcribed (eg, all observational child measures 
that require remote scoring and/or qualitative analysis) 
will be scored offline and then entered into REDCap. All 
data will undergo quality checks using procedures such 
as double verification and range and error checks. Data 
from all sites will be merged in a shared central REDCap 
database stored at the CHUSJ site. All video data (obser-
vational measures) and MRI data will be transferred to 
the CHUSJ main study site using a secure pipeline for 
analysis.

All measures will be collected only by study investigators 
or research personnel to ensure the security and deiden-
tification of the data. Only members of the research team 
will be able to access the REDCap database, and will use 

individual logins and passwords with double verification. 
All biological material (hair, saliva) will be collected 
and kept according to standard operating and ethical 
procedures.

Analysis plan
Group differences on main predictor/outcome variables (aim 1)
The first aim of the study is to document the conse-
quences of preschool mTBI on PCS, motor, cognitive, 
social and behavioural functioning, as well as psychobio-
logical markers (sleep, stress).

Multivariable longitudinal modelling strategies (eg, 
linear mixed effects models or generalised least squares) 
will be applied to estimate group differences (mTBI 
vs OI vs CC) at relevant follow-up time-points for each 
outcome. Each outcome will be operationalised as contin-
uous/ordinal variables and specified as the dependent 
variable in separate statistical models. To minimise the 
risk of confounding bias, a variable selection strategy 
will be used to ensure that the most important covari-
ates are ultimately included for adjustment in each fitted 
model. A series of steps will be conducted towards a final 
model for each outcome. First, univariate regressions 
will be initially applied to screen candidate predictors 
where p<0.2 will be kept (see tables 1 and 3, for list of 
candidate predictors). Second, correlation among candi-
date predictors will be performed and if r>0.7 is found, 
the variable with the stronger association with outcome 
will be kept. Third, multiple imputation strategies will 
be applied to the dataset at this stage such that partic-
ipants providing incomplete covariate information can 
still contribute to the next and final step in this process. 
Multiple imputation will be applied to estimate missing 
data105 using the Markov Chain Monte Carlo proce-
dure. Twenty imputations will be used to maximise the 
precision of imputed data.106 107 The imputations will be 
performed by comprehensive inclusion of auxillary vari-
ables when building imputation models. In the last step, 
a forward stepwise selection proceduce will be applied to 
arrive at a final model (for each outcome) containing the 
interaction between the 3-level group factor and time as 
a fixed predictor, and covariates demonstrating the stron-
gest associations with the outcome (ie, p<0.05) up to the 
allowable limit based on considerations to the 10 ‘events-
per-variable’ rule of thumb.

Genetics
Amplification will be performed using a thermal cycler 
(Biometra Tprofessional) using a PCR approach, with 
the following oligonucleotide primer pairs: 5'-biotin 
before ​GGACTCTGGAGAGCGTGAAT-3 and 5'-reverse ​
CGAACTTTCTGGTCCTCATC-3'. In addition to buffers, 
nucleotide components and a dose of 0.01 U of Taq 
polymerase supplier of PCR Master Mix (Qiagen), the 
amplification reactions contain 1 µg of DNA derived 
from saliva, 1 µM each primer, 0.4 mM of dNTP, 1.0 mM 
MgCl2, in a final volume of 50 µL. The PCR conditions 
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include 35 cycles: 30 s at 95°C; 30 s at 61.2°C; and 1 min 
at 72°C. These 35 cycles of amplification will be preceded 
by an initial heating step of 3 min at 95°C and followed 
by a final extension of 4 min at 72°C. The PCR prod-
ucts are visualised on a 1.2% agarose gel. The Val66Met 
polymorphism will be sequenced with a routine pyrose-
quencing protocol108 with a slight modification using the 
sequencing oligomer 5'- GCTGACACTTTCGAACA −3'. 
The sequence to be analysed is: CA / GTGATAGAAGAG. 
Other candidates genes involved in neurotrauma 
response neural repair and plasticity may be subsequently 
studied depending on availability of saliva sample.

Stress
Stress will be evaluated by Hair Cortisol Concentration 
determined via liquid chromatography tandem mass 
spectrometry (Dresden Labservice, Germany). roup and 
repeated measures analyses will be used to determine 
change in cortisol levels between the two timepoints 
(Hair sample taken in ED as a preinjury measure and hair 
sample 3 months postinjury) and between groups.

Sleep
Actigraphy data will be collected using AW-2 actigraphs in 
1 min epochs and analysed using the Phillips Respironics 
Actiware software V.5.70. The automated manufacturer’s 
low sensitivity threshold algorithm (80 activity counts 
per epoch), which has been shown to be appropriate for 
preschoolers,77 109 will be used to determine the minute-
by-minute sleep-wake status. To corroborate actigraphy 
data and identify potential artefacts, the sleep diary infor-
mation for the 7 days will be used during which the child 
wore the actigraph. When the child had an atypical night, 
was not wearing the actigraph, or was cosleeping, nights 
will be excluded on a case-by-case basis. Sleep onset and 
sleep offset will be determined based on visual examina-
tion of the actogram and guided by the diary. Actigraphic 
variables will be derived across the available assessment 
period: night-time sleep duration (total number of 
minutes from sleep onset to sleep offset that were scored 
as sleep) and sleep efficiency (sleep minutes at night 
/ (sleep minutes at night + wake min at night) * 100). 
Group comparisons will be performed on actigraphic 
variables to determine whether mTBI affects sleep indica-
tors in comparison to OI or CC groups.

Neuroimaging analyses (aim 2)
MRI quality control
All MRI images will be visually inspected by a trained 
researcher for artefacts and image quality to ensure they 
are of sufficient quality to be analysed. Motion correction 
will be applied with adapted processing depending on the 
MRI sequence. For resting-state analyses, motion param-
eters will be added as a nuisance covariates at first-level 
analyses.

MRI coding for visible lesions
T1 and QSM (converted to SWI) sequences will be read 
and coded by a radiologist blind to group (mTBI vs OI vs 

CC) using a standard form for documenting lesion loca-
tion and type.

Preprocessing and analyses
Neuroimaging preprocessing and analyses will be 
performed using standard neuroimaging software (eg, 
SPM12, FreeSurfer, FSL). Processing adapted for paedi-
atric neuroimaging data, particularly use of paediatric 
templates, will be preferred. Initial neuroimaging analyses 
will focus on group comparisons (mTBI vs controls) to 
examine differences between children with and without 
history of mTBI in brain morphometry (grey and white 
matter volumes, cortical thickness and gyrification, using 
3D T1 sequence), white matter microstructure (using 
DTI data, including fractional anisotropy and mean diffu-
sivity as outcome measures), and functional connectivity 
in the default mode network (using resting state data). 
Other analytic approaches may be incorporated as appro-
priate and as new tools emerge.

Predictive models (aim 3)
To predict global functional outcomes after mTBI, 
separate multivariable models will be fit with either the 
1-month or 3-month outcome as the dependent vari-
able. The rationale for this is that we hypothesise unique 
predictors for outcomes measured at the different time 
points, and in the case of 3-month outcomes, we also plan 
to specifically incorporate several 1 month measures as 
candidate predictors in addition to variables measured at 
prior time points. All outcomes will be operationalised as 
continuous variables and all final models will be devel-
oped based on the following general procedure. Initially, 
univariate linear regression will be used to screen all 
candidate variables for entry (p<0.20) into multivariable 
models. Multiple imputations will be performed at this 
stage, following the approach described above aim 1. 
Then, multiple hierarchical regression will establish the 
contribution of host (eg, child age, sex, genetics (BDNF), 
premorbid temperament, resilience, adaptive skills, 
behaviour, cognition), socioenvironmental (eg, parent 
mental health, family functioning, parent–child inter-
actions, SES), injury (eg, injury severity markers, PCS, 
neuropathology) and psychobiological (eg, stress, sleep) 
factors to global outcomes of interest (eg, PCS, behaviour, 
quality of life), by entering univariate predictors into four 
blocks (child (host), socioenvironmental, injury, psycho-
biological variables). As a final step, backwards elimi-
nation will be employed such that only predictors with 
the strongest statistical associations with the outcome 
remains, to keep within the 10:1 event-per-variable ratio 
in the final model. Interactions among retained predic-
tors will be considered if theoretically plausible and there 
is sufficient df after prioritising the inclusion of main 
effects in the above procedure.

Qualitative analyses
Injury story verbatims will be transcribed verbatim and 
then coded for common themes. Coding will be done 
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on the interview transcripts using QSR Nvivo (Doncaster, 
Australia) qualitative analysis software. A coding guide 
will be developed using a classic qualitative and thematic 
content analysis approach.110 This coding guide, which 
will be used to structure the coding, will be developed 
on the basis of the analysis of a small sample of inter-
views (5), from which free nodes will be generated in 
an open coding phase. Throughout the coding process, 
modifications and additions will be made to the coding 
guide and nodes as each interview is analysed. This will 
be done in constant comparison with previous coding 
so that the data can be analysed accurately.110 These 
frequent revisions will ensure the rigour and depth of the 
analysis, resulting in a final coding guide containing the 
codes (nodes) and their definitions. The coding guide 
will consist of primary, secondary and tertiary nodes (or 
codes). Each interview will be coded in its entirety, and 
each element may be coded in more than one node at 
a time. The coding will involve discussions within the 
research team to reduce subjective bias on the part of the 
coder. A consensus check will be carried out for all coding 
as well as for the coding structure.

Statistical power
The objectives for participant recruitment were estab-
lished primarily to have sufficient power for group 
difference analyses and regression models planned 
to meet objectives 1 and 3. For objective 1, the main 
consideration was to have sufficient power to detect 
a group differences in the context of a well-adjusted 
multivariable regression. Since meaningfully important 
score differences and expected variability for many of 
our proposed outcomes remain unclear, we are using 
the Cohen’s conventional medium effect size as the 
basis for our sample size calculation. If we reduce the 
problem to a simplistic case of a balanced, one-way anal-
ysis of variance, at an alpha of 0.05 and power of 0.9, 
the sample size required per group to detect a medium 
effect size (f=0.25) is 69. However, as we are planning 
comprehensive covariate adjustment in our regression 
models (ie, include the maximum allowable covariates), 
this approximation will be conservative since covariate 
adjustment is expected to markedly improve the preci-
sion of the estimated group differences (ie, increases 
the power and reduces the needed sample size). Thus, 
the proposed sample size of 300 (150 mTBI, 75 OI, 
75 CC) is expected to provide adequate power for the 
study, leaving leeway for sample attrition (estimated at 
between 85% and 65% over the 12 months follow-up). 
Our intention to apply multiple imputation strate-
gies to the dataset also minimises the potential need 
to discard observations from the final fitted models 
due to incomplete data. For objective 3, the main 
consideration was to ensure there is adequate df for a 
comprehensive multivariable linear regression model 
to predict outcomes following mTBI. At the expected 
recruitment of 150 mTBI patients, this will afford 15 df 
(according to 10:1 events-per-variable rule of thumb). 

This is expected to be adequate as previous prediction 
models in the field have revealed no more than this 
number of major predictors for functional outcomes 
following mTBI.111–113 In addition, at this sample size 
and assuming 15 numerator df (ie, 15 predictors), this 
would enable 84% statistical power to detect a medium 
effect size of f2=0.15 (which translates to an R2 of 0.13).

Potential limitations
The evaluation of functioning in young children has 
inherent limitations. First, some children may not be 
able or willing to complete the full study assessment 
protocols at each time point. For the MRI portion, 
some children may not complete the full imaging 
protocol or may refuse to participate in this portion 
of the study. Second, the genetics portion of the study 
is exploratory and the sample size for this substudy is 
limited for conducting genome-wide analyses. We have 
chosen to focus on the BDNF polymorphisms to begin 
with because of the existence of literature supporting 
its role in the context of mTBI. The examiners will all 
be trained in conducting developmental and neuropsy-
chological assessments and knowledgeable about ways 
to optimise participation in preschool children. The 
sample has some limitations in terms of generalisability. 
The study will reflect the outcomes of children whose 
parents seek care at large urban tertiary care hospitals, 
and therefore may not reflect those who either do not 
seek care or do so in family clinics or rural centres. 
Finally, ‘early mTBI’ lacks a consensual definition and 
clear diagnostic criteria, leaving some subjectivity in 
recruitement criteria. To guard including children who 
only have trivial head bumps, we require the traumatic 
accident to be witnessed, and, in addition to the analyses 
proposed, will explore group differences by stratifying 
the mTBI group to distinguish ‘possible’, ‘probable’, 
and definite’ mTBI, as recommended by Kutcher and 
Giza.114

Ethics and dissemination
The study has been approved by all participating insti-
tutions (Sainte-Justine University Hospital Research 
Ethics Board, McGill University Health Centre Research 
Ethics Board, Univeristy of Calgary Conjoint Health 
Research Ethics Board). No significant risks are associ-
ated with study participation. The main concern associ-
ated with the direct child assessments is possible fatigue. 
Breaks will be provided as needed to study participants. 
Participation brings no direct benefit other than small 
compensations in the form of toys for the children and 
a small monetary compensation for parents. Parents 
also receive a brief research report including summary 
information on their child’s performance on a select 
number of standardised measures used in the study. On 
occasion, direct child assessment or the responses of a 
parent in a questionnaire can suggest a developmental, 
cognitive, or psychological problem that requires clin-
ical follow-up. Data will not be systematically screened 
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for such problems as the assessments are not consid-
ered clinically comprehensive; however, if a significant 
problem is noted by a research team member, it will be 
brought to the attention of the PI (a neuropsycholo-
gist) who will advise on follow-up (ex: recommendation 
to family in study report for referral for a clinical assess-
ment; suggest that the family consult family doctor or 
paediatrician).

MRI is not known to be associated with any significant 
risks or side effects,115 and participants (as well as their 
parents if present in the scanning room) all undergo 
thorough screening for contraindications to MRI acqui-
sition. The behavioural familiarisation protocol used 
to introduce MRI to participants has been previously 
validated,79 80 and MRI acquisition will be aborted if 
a participant shows any signs of significant anxiety or 
discomfort before or during scanning. MRI images 
will not undergo systematic clinical evaluation and no 
clinical reports will be provided. The genes that will be 
studied are not diagnostic of any specific neurodevelop-
mental conditions and the limited literature in this area, 
especially in this age range, is insufficient to determine 
whether any genes studied in the context of the project 
can facilitate recovery or not. Therefore, parents will be 
advised that they will not be provided with any results of 
genetic testing. Parents will have the option to consent 
to any remaining biological samples to be stored in a 
biobank for future analyses, otherwise, any remaining 
samples will be destroyed.

The programme will rely on scientific dissemination 
through open access journals and repositories and an 
integrated knowledge translation plan designed at the 
study outset in consultation with an expert knowledge 
broker. Partners are organisations focusing on clin-
ical practice and neurodevelopment and their respec-
tive networks and knowledge users, include parents of 
infants, toddlers and preschool children, health profes-
sionals, health promotion organisations, day cares and 
community organisations focusing on early develop-
ment, school boards, scientists and policy-makers.

Significance
Identifying the long-term consequences of early mTBI 
and their predictors has the potential to provide substan-
tial benefits for children, their families and health 
professionals. In the short term, the project will allow us 
to understand how symptoms, motor, cognitive, social 
and behavioural skills evolve in the first year following 
early mTBI. This will identify specific loci for treatment 
and intervention in this distinct developmental group. 
The elaboration of predictive models will permit the 
identification of children who present specific risk 
factors for poor outcome. Associating the superior 
sensitivity of advanced neuroimaging techniques with 
a no-risk behavioural protocol for scanning young chil-
dren could lead to improvements in the management, 
detection and diagnosis of young children with mTBI 

in the acute setting. In particular, the study will provide 
insight into typical PCS manifestations and patterns 
in young children. Study findings could promote the 
development of clinical guidelines for the management 
of early mTBI, as current guidelines typically do not 
apply to young children. The consolidation of basic 
skills in early childhood is known to be associated with 
later academic and social success, and early identifica-
tion of problems and their rapid remediation is demon-
strably effective in improving later functioning.116
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