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Abstract

To review the evidence available on early childhood (i.e., 0-5 years 11 months) TBI and identify

clinical implications and future directions for speech-language pathology (SLP) practice and

research, a scoping review of the literature was conducted following the 2018 Preferred

Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews

(PRSIMA-ScR) guidelines.1 A total of 44 peer-reviewed articles were included for review.

Included studies were assigned one or more of the following thematic labels related to early

childhood TBI: etiology, assessment, treatment, outcomes, contributing factors. Most of the

studies were non-experimental studies and addressed outcomes following early childhood TBI.

We conclude, based on this scoping review, that children who experience a TBI before six years

of age are at risk for persistent long-term difficulties in academic and social functioning. SLPs

are among the group of clinicians most appropriate to assess and treat these children, yet, the

evidence for assessment, treatment, and identification of factors contributing to the recovery of

young children with TBI is particularly lacking. Rigorous research is needed to improve the

evidence base for SLPs.
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Introduction

Children between the ages of 0-4 years, have the highest rate of emergency department

(ED) visits for Traumatic Brain Injuries (TBI), a trend that has been consistent over time.2,3

Children who sustain moderate to severe injuries are likely to access medical services, primarily

the emergency rooms. Those who sustain even mild injuries, which could have long-term

consequences, may visit the ED or pediatrician, but some do not seek medical treatment at all.4

For all severity levels, only a fraction of children who sustain a TBI are known to community

service providers and/or school systems, who are increasingly the sole provider of care for

long-term disabilities.5 In particular, under IDEA, schools are charged with identifying,

evaluating, and treating children at risk for disabilities.6

Children who sustain a TBI before entering formal schooling are at increased risk of

experiencing later-developing deficits in new or emerging skills. Skills not yet developed at the

time of the TBI, namely more advanced language and reading, are particularly at risk, which can

negatively affect later academic performance, vocational outcomes, and quality of life.7 Injuries

sustained in preschool-age children and younger have been associated with more persistent

deficits when compared with children injured at an older age.8,9,10 In one study, children injured

before age seven performed more poorly on measures of intellectual functioning than children

who were injured after age seven, and those with more severe injuries showed weaker

performance over time.11 Trends toward poorer outcomes in younger children lead researchers to

speculate about the effects of diffuse brain injury on developing cognitive and language skills
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required for successful academic performance. In particular, the body of literature focusing on

younger children with TBI supports a model proposed by Dennis and Barnes2 that brain injury at

a younger age impacts skills that are developing or have not yet emerged at the time of injury.

For example, evidence from longitudinal investigations of language functioning following TBI in

preschool children reveals deficits in receptive and expressive vocabulary and discourse later

on.11,12 Although changes in cognition and language are reported as early as 1-2 months post

injury13, deficits are likely to emerge over time indicating an impact on developing skills.8,12,13

Even children with relatively mild injuries demonstrated significant differences in language

function when compared to a control group of children with typical development.11 From what

we know about outcomes for early elementary school children who sustain a TBI prior to school

entry, children perform worse on complex tests such as pragmatic language and verbal recall. 14

They also are more likely to fail a hearing screening than orthopedic controls.15

At the time of the injury, young children can be seen for a healthcare assessment in a

variety of locations such as EDs, pediatrician offices and urgent care. When children in this age

group present for medical attention, symptoms are reported via parent observation, rather than

the self-reports collected from older children. Further, young children with mild TBI (commonly

referred to as “concussion”) may show behavioral and physical symptoms not listed on current

concussion assessment protocols for older children, such as incontinence, as well as changes in

behavioral regulation that may be described as irritability.16 At the time of diagnosis, there is

significant variability in the provision of and type of parental education, discharge instructions,

and referrals for follow-up services.5 Although many young children (61% in 2011)17 are

enrolled in preschool or daycare settings, children who experience a TBI do not have a clear

pathway for service referral within these settings. Even within the healthcare setting, there is no
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standard set of referrals after a young child has a TBI.5 Speech-language pathologists (SLPs)

have a unique role to play for young children with TBI because they can provide assessment and

services in both healthcare and school settings. They provide screening for language delays and

disorders, which is important because cognitive-communication abilities are at risk following

TBI. Further, because of their training in neurologic and developmental language disorders, they

can also provide education to professionals and parents on how a TBI can affect the continued

development of language and cognition. Although the literature has established that children who

experience a TBI in early childhood can have long-term and persistent deficits and would likely

benefit from receipt of rehabilitation and educational services, challenges continue to exist in the

identification, assessment, and treatment of this population.

Current Study

A scoping review was conducted to provide information for SLPs serving individuals

with a history of early childhood TBI.  This review defined early childhood as less than 6 years

of age (i.e., 0-5 years 11 months). The primary goal of this review was to gain a more thorough

understanding of the evidence available in this area and to identify clinical implications and

future directions for clinical practice and research. In particular, this review aimed to summarize

the current state of the literature as it relates to: 1) the etiology of TBI in young children, 2)

current assessment and treatment strategies for young children with TBI, 3) the short- and

long-term outcomes after a TBI in early childhood and the factors that influence the outcomes.

This scoping review will highlight the limitations of the currently available evidence on TBI in

young children, and identify future directions for research and clinical practice related to young

children with TBI.

Methods
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Search strategy

The authors conducted a scoping review of the literature following the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews

(PRISMA-ScR) guidelines1 to broadly examine TBI in young children.

Identification

In July 2019, the literature search was conducted by 3 authors, including 1) a

doctorate-level clinician researcher in communication sciences with clinical licensure and

certification in speech-language pathology, 2) a doctorate student with a master’s degree and

clinical licensure and certification in speech-language pathology, and 3) a master’s/PhD student

in speech-language pathology.  Two databases (PubMed and ScienceDirect), relevant to

speech-language pathology and TBI, were selected and searched for peer-reviewed journal

articles. Additional articles were included by hand-searching citations of articles that met criteria

and from authors’ knowledge of relevant publications. Search terms were selected around key

words related to TBI in children 0-5 years old. The search was restricted to peer-reviewed

journal articles published in the English language between 2000 and July 1, 2019.  Table 1

provides the keywords and databases used during the search.

Study Selection

The search results were available to all authors via Rayyan QCRI.18 Articles were

reviewed in three stages (i.e., title screen, abstract screen, and full text screen) based on the

inclusion and exclusion criteria listed in Table 2. Agreement on the inclusion/exclusion of each

article was achieved across two reviewers. A third reviewer resolved any discrepancies.

Data Extraction
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Articles that met criteria were available to all authors via a group folder in Zotero, a

reference management software. Two authors (JS and LC) extracted preliminary data (e.g., study

design, number of participants, participant age, main findings) from included studies and

assigned thematic labels (i.e., etiology, assessment, treatment, outcomes, contributing factors)

using a standardized data collection form.  Based on the scope of the article, more than one

thematic label could be assigned if appropriate. The other authors reviewed and provide feedback

on the literature search and themes throughout the process. As part of this process, four

videoconferences were held to consult about aspects of the analysis and interpretation.

Risk of Bias

The methodology of each study was listed as described in the article. The level of

evidence of the study was defined on the basis of published guidelines.19 A meta-analysis was

not conducted due to an insufficient number of randomized controlled trials and variation in the

scope and aims of the included studies.

Results

Study Selection & Characteristics

The initial search generated 4353 results, with 10 additional articles being identified from

hand-searching.  Non-peer reviewed journal articles, duplicate articles, articles not written in

English, and articles written before 2000 were removed, resulting in 3443 articles being title

screened. After title screen, 393 articles were reviewed at the abstract level, and 179 articles were

reviewed in the full text screen.  A total of 44 articles met inclusion criteria for this study.

The flow diagram of study selection is presented in Figure 1.
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A summary of the included studies is presented in Table 3. Studies were conducted in a

variety of countries including: United States (N= 19), Australia (N=8), Belgium (N= 1), Brazil

(N=1), Canada (N= 6), Estonia (N= 1), India (N=1), New Zealand (N= 1), Nigeria (N= 1),

Sweden (N= 1), South Africa (N= 1), Taiwan (N= 2), and the United Kingdom (N= 1). Most of

the studies were non-experimental studies (52%, n = 23), and the remainder of the studies were

controlled studies without randomization or quasi-experimental studies.

Etiology of Traumatic Brain Injury

Twelve of the included articles discussed etiology related to speech-language pathology.

Cause of injury was addressed by six studies.20–24 Falls were the most frequently cited cause of

TBI during early childhood.21–23 Internationally, one study from India25 showed the same trend as

the United States, whereas a study in Belgium20 identified falls as the second most common

cause of TBI among its population, subsequent to motor vehicle accidents. Six studies discussed

age at injury and incidence rates 21,23,24,26–29. Studies in this section noted young children (i.e.,

under 6 years old) as having the highest incidence of head injury across age groups (e.g.,

adolescents, adults).  In one study24 of children injured before their sixth birthday, those children

between 0 and 36 months were at greatest risk for severe injury.  Briefly mentioned by Love et

al.24 in a study on children with severe injury, gender did not influence risk for TBI in young

children.

Evidence for Assessment related to Speech-Language Pathology Following Early

Childhood TBI

Five of the included articles address assessment related to speech-language pathology. As

limited evidence is available addressing the efficacy or ecological validity of speech-language

pathology assessments for this population, the current research illustrates relative strengths and
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weaknesses across multiple areas of assessments for SLPs who might evaluate cognition or

communication following childhood TBI.

Three studies addressed neurodevelopmental assessments and highlighted the need for a

comprehensive evaluation following early TBI.5,20,30 Neurodevelopmental assessment tools, as

related to speech-pathology, aim to evaluate categories such as verbal expression, inhibition, and

planning.17 Despite their utility for this population, only one third of preschool children who had

sustained a TBI received a neuropsychological assessment.5 In the absence of a complete

neurodevelopmental evaluation, cognitive delays following TBI were more likely to remain

unidentified than if formal comprehensive testing were performed.30

Caregiver report was discussed by three articles and used to measure behavioral and

executive functioning,14 physical, cognitive, emotional, and sleep symptoms,16 and  overall health

and functioning31. Studies found that caregiver report within itemized questionnaires captured

functional changes not traditionally evaluated by standardized assessments (e.g., sleep

disturbances, incontinence, atypical behavior specific to that child).14,16 Given caregivers’

familiarity with their children’s functioning pre- and post- injury, as well as children’s inability to

accurately report symptoms, caregivers can provide critical context to a child’s functioning after

brain injury to inform treatment.14,16

Evidence for Speech-Language Pathology Treatment Following Early Childhood TBI

Two of the included articles discussed treatment related to speech-language pathology.5,32

Generally, children who sustained a TBI in early childhood did not receive treatment in acute,

outpatient, early childhood, or preschool settings.5 Children with longer lengths of hospital stays,

potentially related to severity of injury, were significantly more likely to have received

rehabilitation services after hospital discharge when compared to other children with early
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childhood TBI and orthopedic controls.5 Although not prescribed or managed by SLPs, Arango

et al.32 found that pharmacological treatments (i.e., anti-epileptic drugs) could potentially

minimize the negative impacts of complications associated with TBI (e.g., seizures) on children’s

recovery and development after early-childhood TBI, including functional areas addressed by

SLPs. Given that no articles directly considered treatment methods or approaches, this area

would benefit from additional research.

Outcomes of Early Childhood TBI & Areas of Need

Thirty-three of the included articles discussed outcomes or recovery relevant to

speech-language pathology. Most studies (N= 30) examined outcomes at less than two years

post-injury.  Additional studies examined outcomes between two and less than five years

post-injury (N= 5),  five, and less than ten years post-injury (N= 3), and greater than ten years

post-injury (N=5). In studies examining outcomes, at least one area of impairment was reported

at one or more time points, independent of injury severity.  Nine studies reported on overall

development and functioning.20,29,31,33–38 Overall functioning included measures of: medical and

social functioning,37 functional academic ratings,29 functional independence,35 level of

disability,31,38 and quality of life.34 Young children who experience a TBI often demonstrated

signs of recovery (e.g., performing increasingly closer to developmental norms) up to ten-years

post-injury, although these improvements tended to be less significant (i.e., greater persistence of

deficits) than in older children with TBI.33,36 Throughout their lives, younger children often

experienced difficulties in maintaining developmental and academic expectations, and as they

aged, they fell further behind from their peers.20,29,35 Based on these challenges, children with all

severities of TBI were at an increased risk for experiencing long-term disability, difficulties with

daily functioning, and a decreased quality of life.31,34,35,37,38
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Higher-order cognitive functioning outcomes were addressed by thirteen studies.

14,20,30,33,36,39–43 Differences in intelligence or cognition, acutely and long-term, were found in most

studies, with more severe injuries being associated with more severe impairments.  Deficits in

cognition were most apparent in the acute stages of recovery even for milder injuries.  Across

recovery, children continued to demonstrate significant differences in intelligence and/or

cognition when compared to controls, but often scored within the average range for their age,

such as in studies by Crowe et al.25 and Haarbauer-Krupa et al..14 These differences in

intelligence and/or cognition appeared to become more pronounced as the individuals entered

adolescence and early adulthood, when individuals are expected to demonstrate abstract and

higher-order thinking. Additional longitudinal evidence is needed as only one study reported

intellectual and cognitive outcomes for children who experienced a TBI during early childhood

greater than six years post-injury (i.e., ten years).33

Components of executive functioning negatively impacted by early childhood TBI

included: attention, cognitive flexibility, inhibition, processing, and working memory.  Acute

impairments in executive functioning (i.e., less than one-year post-injury) were highly dependent

on injury severity. In studies like Landry-Roy et al.,44 children with mild TBI tended to perform

within average limits six months post-injury. Children with moderate to severe injuries

performed significantly worse and less efficiently than peers who were typically developing at

eleven months post-injury43 and at an average of five years post-injury compared to children with

orthopedic impairments.14 Studies that monitored children two or more years post-injury across

severities, such as Keenan et al.,30 found clinically-significant impairments, while others,

including Crowe et al.,41 found skills to be within the average range.  Age at the time of the study

appeared to impact results.  Children examined at a younger age, when executive functions are
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not yet expected to be completely developed, often scored in the average range.43 As children

age and executive functioning skills are developing, a greater percentage of children with TBI

were found to be in clinical range of executive functioning impairments compared to orthopedic

controls.14 Individuals with a history of early childhood TBI were consistently demonstrating

latent presentation of deficits that were not observable acutely post-injury.

Four studies addressed expressive and receptive language outcomes, including:

composite language abilities, verbal expression, syntax/grammar, pragmatic language, story

retell, word fluency, and reading.14,20,30,42 Bonnier et al.20 identified acute deficits in verbal

expression for individuals with mild to severe injuries, with individuals with severe TBI

demonstrating more significant impairments than those with milder injuries. When examining

composite expressive or receptive language scores, syntax/grammar, story retell, word fluency,

pragmatic language, and reading using standardized assessment protocols, studies such as Crowe

et al.42 and Haarbauer-Krupa et al.,14 found that, regardless of severity, children with TBI tended

to score lower than their peers without a history of TBI by several months, but their scores

remained within the average range. Children with TBI tended to demonstrate greater differences

in complex or time-sensitive tasks, suggesting that tasks with both cognitive and language

demands might present atypically greater challenges.14

Eighteen studies reported on psychosocial and behavioral outcomes.14,16,30,34,37,39,43,45–55

Generally, social functioning was negatively impacted following early childhood TBI,

independent of severity. Acutely, children who experienced a TBI before six years of age

demonstrated decreased play engagement, including gaze initiation and joint attention.16,48

Several studies reported that children then demonstrated significant recovery within the first year

post-injury, although deficits were still observed.48 Examined up to 18 months post-injury,
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children with mild TBI were found to have significantly poorer theory of mind skills when

compared to children who were typically developing or with orthopedic impairments.45,46 More

significant theory of mind, or perspective taking, deficits were associated with lower social

functioning, potentially explaining difficulties engaging in social interactions observed in

children with TBI.46 Long-term and into adolescence, individuals’ pragmatic skills were

assessed to be in the average range, although significantly lower than typically developing

peers.14,39 In the studies examining social participation, such as Green et al.,34 children with more

severe injuries consistently demonstrated more persistent deficits in social participation.

Behavioral outcomes, including self-regulation, internalizing and externalizing behaviors,

and inhibition, were mostly examined six months to two years post-injury and often associated

with poorer social functioning. One study,16 within two months post-injury, found children had

an increased risk of irritability and dysregulation. Over time, behavioral deficits appeared to

persist and have a greater negative impact on overall functioning, regardless of severity.51 Two

longitudinal studies37,54 exploring outcomes into adulthood found that individuals who

experienced a TBI during early childhood were at a greater risk of developing

clinically-significant psychiatric needs and engaging in criminal behaviors.

Three studies directly investigated the impact of early childhood TBI on family

functioning outcomes following early childhood TBI.46,47,56 No significant negative impacts on

family measures (e.g., parental distress, general functioning) were observed within eighteen

months after young children experienced a mild TBI.46,47 However, in contrast to these findings,

Lalonde et al.56 described parent-child interactions after mild TBI and found that the nature and

intensity of post-concussive symptoms can negatively impact these interactions. None of the
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included studies investigated family functioning in the moderate-severe TBI population, and

therefore, conclusions should be interpreted with caution.

Eight studies reported on physical or motor-speech outcomes following early childhood

TBI.14,16,20,32,44,57–59 Acutely, children who experienced a TBI at less than six years of age often

reported headaches, nausea/vomiting, and sleep and vision disturbances.16,20,44 Problems like

headaches have even been reported at higher levels than orthopedic-injury controls several years

following the injury.14 Incontinence was one symptom noted in young children following TBI

that is not routinely asked about during assessments.16 Children were more likely to experience

seizures and feeding or swallowing deficits when compared to older age groups with TBI.32,58,59

One article14 found that children with mild TBI failed hearing screenings at a higher rate than the

control group of similar-aged children who had orthopedic injuries. One study57 found that

consonant accuracy, when measured intermittently up to one year post-injury, was impaired for

all children with a history of severe TBI when compared to developmental expectations.

Factors Contributing to Recovery Following Early Childhood TBI

Twenty-seven articles included in the review analyzed one or more factors that could

influence the recovery or outcomes of individuals who experienced a TBI in early childhood.

Factors included: injury severity, age at the time of injury, history of one or more TBIs,

pre-injury functioning, environmental and family factors, and receipt of services.

Injury severity was considered in eleven studies.20,30,33,34,39–41,45,46,48,52,55 A positive

correlation between severity of injury and presence of deficits was consistently reported in all

outcomes. As mentioned in relation with specific outcome areas, children who experienced

moderate or severe TBIs tended to demonstrate a greater range of or more significant deficits

when compared to children with mild TBI.
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Age at the time of injury was considered by six studies.24,29,33,35,40,52,57 For children injured

before their sixth birthday, younger age of injury was consistently associated with worse

outcomes.  Most studies, including Campbell et al.57 and Crowe et al.40, found that skills in a key

developmental period were most negatively impacted when the injury occurs during that age

span. For example, the critical developmental period for consonant accuracy for speech is less

than 60 months (or 5 years) old.  For children injured during this time period, their consonant

accuracy was most significantly impaired compared to children injured at an older age when

consonant development is more stable.57 One study46 considered a broader range of injury

characteristics (e.g., mechanism, loss of consciousness, types of symptoms) in a sample of

young children who experienced mild TBI, but found no significant association between injury

characteristics and the examined deficits.

As examined in five studies,33,40,50,53,57 individuals with a history of one or more TBIs

and/or lower pre-injury functioning were found to have poorer outcomes compared to other

children with TBI. Environmental and family factors were examined by twelve

studies.30,31,34,35,39,40,42,43,45,48,49,51,54,56 Negative family functioning, higher maternal distress, lower

socio-economic status, and receipt of Medicaid service often predicted poorer outcomes,35,39,49

but this relationship is not absolute.  For example, as reported in Ewing-Cobbs et al.,48 children

who were experiencing more negative environmental or family factors did not always

demonstrate more negative outcomes than those with more positive factors. Additionally, the

relationship between environmental/family factors and later outcomes should be interpreted with

caution, as some studies observed an interaction between these factors and family resources.

That is, families living in poverty were less likely to have the resources to access supports and
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services,31 which may put these children with TBI at higher risk for poorer outcomes. Additional

investigation is needed to better elucidate these relationships.

Lastly, one study38 examined the impact of receipt of services, and found that children

who were hospitalized for a longer period of time and received inpatient rehabilitation services

were more likely to have been evaluated for and to have received educational and community

services.

Discussion, Clinical Implications, and Future Directions for Research

This review aimed to describe topics relevant to speech-language pathology and TBI in

early childhood.  Overall, this review identified 44 studies addressing the following areas related

to early childhood TBI: etiology, assessment, treatment, outcomes, and contributing factors. Few

studies met inclusion criteria for this scoping review, and the majority of the studies were

designed with non-experimental methodologies. Nonetheless, the evidence presented in this

review offers an appraisal of the current state of the literature related to early childhood TBI as it

relates to SLPs. Additionally, the limited body of evidence highlights the need for more research

and research of higher rigor to be conducted with this population. Over the past 17 years,

research has primarily focused on describing short and long-term outcomes after childhood TBI,

with the majority of studies exploring psychosocial, behavioral, cognitive and/or executive

functioning outcomes. Yet, for SLPs whose job is to assess and provide intervention for young

children who experience a TBI, the body of evidence to guide clinician decision- making is

particularly weak.60

The literature on etiology (e.g. mechanism of injury, age at injury, and gender) offers

some insights about how young children are most likely to sustain a TBI.  Despite the small
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number of articles that specifically research etiology of TBI in young children, there is consensus

that the highest proportion of early childhood TBI occurs as a result of a fall.2,3,23 Due to the

public health burden of fall-related TBI, it is clear that preventative and educational measures

need to be implemented. Environmental modifications, caregiver education related to fall

reduction strategies, as well as education for the healthcare provider related to potential

long-term challenges following a TBI in early childhood may be central in reducing the

incidence of TBI in young children, and improving the outcomes for those young children who

do experience a TBI. Caregivers need additional education regarding where, how, and when to

seek medical attention and/or follow-up services (e.g., taking the child for a healthcare

evaluation and what to expect in terms of type of and access to services). Medical professionals

could benefit from additional education related to the potential long-term effects of a TBI

experienced during early childhood, and the role that SLPs can play in monitoring the continued

development of language and cognitive skills.

For SLPs, there is little research evidence to guide the assessment or treatment of young

children who experience a TBI. The evidence that does exist indicates that children who sustain a

TBI between ages 0 and 5 years 11 months show variable outcomes, and it is not yet clear what

factors are more likely to lead to better versus poorer outcomes. Thus, young children with TBI

will likely benefit from sustained monitoring and comprehensive assessment when concerns

arise.51 When parents or teachers become concerned about a young child who sustained a TBI

and does not appear to be meeting developmental norms appropriately, or when they note

behavioral changes after a child experiences a TBI, the child may benefit from a  comprehensive

speech-language assessment that should include speech, language, hearing, executive function,

and social communication.14 Special attention should be paid to skills that may have been in a
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critical period of development when the child was injured, such as adaptive behaviors, language,

and executive functions, as a growing body of evidence seems to show that these skills are more

likely to be negatively impacted.40,47 Additionally, SLPs should employ both parent interviews

and standardized or criterion-referenced assessment tools to try to comprehensively capture the

deficits related to TBI, which can be especially challenging in young children due to our limited

evidence base regarding assessment.61 Several assessment tools used in studies included in this

review may be useful to SLPs as they consider which standardized assessment tools may

differentiate language and cognitive performance in young children with TBI compared to

children without injury. Some examples include the Wechsler Preschool and Primary School

Intelligence Scale-Third Edition,39,62 the Clinical Evaluation of Language Fundamentals-

Preschool,42,63 the Bus Story Test,42,64 and the Child Behavior Checklist.49,65 Additional options

for rating scales and quality of life measures include the NeuroQOL66 and PROMIS.67 Further

research is needed to ensure that these measures are capable of identifying subtle deficits in

individuals who experienced a TBI during early childhood. Clinicians and researchers should

continue to use recommended outcome measures6,68,69 to allow comparisons between studies and

to promote evidence-based evaluations in clinical settings.

In the realm of assessment, the evidence reviewed for this manuscript is sufficient to

reinforce the importance of screening for early childhood TBI and monitoring for later-

developing cognitive-communication challenges in individuals affected by TBI. Higher-level

impairments are more likely to appear as the child enters middle childhood, adolescence, and

adulthood and encounters greater educational and environmental demands.33,43 Children who are

not receiving special education services within the first year after injury are less likely to receive

academic support services in the future.70 Thus, it is critical that children who experience a TBI
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before entering formal schooling are identified appropriately and monitored over time.

Assessment and treatment within high-demand situations, such as the student’s classroom, are

essential for appropriate service provision for children with TBI. Additionally, previous research

suggests early referrals to mental health providers may be warranted, as even a history of mild

TBI increases the risk for adverse behaviors in young children.37,53,54 Instruments to assess more

subtle performance differences of  children with TBI over time are needed to better understand

deficits in meeting the increased demands of home, school, and community.60

As SLPs are better able to treat the needs of children with TBI over the long-term, this

review finds scant evidence for specific treatment strategies that should be employed to help

reduce TBI-related impairments. This review found no studies that focused specifically on

treatment strategies for young children with TBI. There is great need to strengthen the

evidence-base for cognitive-communication treatment for young people with TBI, especially for

those who were injured during early childhood.

Within the population of young children who experience a TBI, there is a significant

amount of variability in pre-injury, injury, and environmental factors and how these various

factors might influence outcomes.33,50 Compounded by the limited quantity and quality of

evidence, the relationship of these factors to outcomes continues to be unclear. Typically,

information about these areas is not collected or considered at the time of TBI diagnosis,60 but

moving forward, clinicians should ensure that parent interviews are used to help gather

appropriate information so that families can be linked with additional support services as needed.

SLPs are in the position to identify young children with TBI in school and community settings.

By recognizing possible barriers, as described in the existing literature (e.g., decreased access to

services)31 and then identifying and referring families for appropriate support-services, engaging
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in treatment and/or providing assistance to minimize these barriers, SLPs can promote improved

functional outcomes for individuals who experience a TBI during early childhood.

Limitations

Although the literature search that was conducted aimed to be comprehensive and

reached the point of duplication, articles might have been missed for inclusion. By only

including peer-reviewed journal articles, this literature review excluded other possible sources of

data (e.g., conference presentations) and failed to control for publication bias, increasing the risk

that non-significant results were underrepresented.

With so few studies meeting eligibility for inclusion, results should be interpreted with

caution, especially in light of design and participant limitations within individual studies. Many

of the studies included were identified as a lower level of evidence, often failing to use controls

or randomization, and were conducted by the same research teams or with the same datasets

(e.g., Bellerose et al.45,46; Crowe et al.21,39–42; Ewing-Cobbs et al. 43,48; Haarbauer-Krupa et

al.5,14,22,23; Keenan et al.30,31,51,52). Included studies also varied in the number, age, and severity of

participants and outcome measures utilized, making it difficult to directly compare studies and

impacting the generalizability of results.

Conclusions
Children under the age of six years are the most vulnerable to TBI. A growing body of

evidence suggests that young children who experience a TBI prior to school enrollment are also

at risk for experiencing the poorest academic and social outcomes. SLPs are among the group of

clinicians most appropriate to assess and treat these children for chronic or later-developing

cognitive-communication challenges resulting from a TBI. Yet, as this scoping review shows, for
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SLPs, the evidence for assessment, treatment, and identifying which factors contribute to the

recovery of young children with TBI is particularly lacking. SLPs need additional rigorous

research to improve the evidence base to help them care for young children with TBI. In the

meantime, they should continue to use the best evidence available, as summarized in this review,

to guide their assessment and treatment and to improve the identification of young children with

TBI who may be struggling immediately following injury or later in their school-age years.
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Table 1. Keywords and databases

Keywords Early childhood
Infant
Toddler
Preschooler

AND Brain injury
Brain injury, cognition
Brain injury, language
Brain injury, social
Brain injury, behavior
Brain injury, speech
Brain injury, hearing

Databases
 

PubMed, ScienceDirect

Table 2. Inclusion and Exclusion Criteria

Inclusion Criteria traumatic brain injury (or separate consideration of TBI), age group 0-5

years 11 months (or separate reporting of analysis and results of this age

group)

Exclusion Criteria adult, review/ meta analysis, case report/study, animals, cells, injuries

not TBI (e.g. acquired brain injury, cancer, post traumatic stress

disorder, autism spectrum disorder), abusive/ non accidental/ inflicted

head trauma, deep brain lesions, published before 2000
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Table 3. Study Summaries

Study: Author, Year
(Location)

Methodology
(Level of Evidence)

Participant Description: Theme(s)

Arango et al., 201232

(USA)
Retrospective chart review
(3)

N= 130 severe TBI
AI= 3 groups: 0-<1y, 1-<3y, 3-<6y
TPI= acute care admission-2y

treatment

outcomes

de Almeida et al., 201671

(Brazil)
Population study;
retrospective analysis of
database (3)

N= 7,717 TBI all severities
AI= <1y, 1-4y
TPI= acute, time of hospital admission

etiology

Bellerose et al., 201545

(Canada)
Prospective longitudinal
cohort (2)

N= 101 (51 mild TBI, 50 TD)
AI= 18-60mos
TPI= 6mos

outcomes

contributing factors

Bellerose et al., 201745

(Canada)
Prospective longitudinal (2) N=213 at testing time one (72 mild TBI, 58 OI, 83 TD)

N= 107 at testing time two (41 mild TBI, 23 OI, 43
TD)
AI= 1.5-5y
TPI= 6 and 18mos

outcomes

contributing factors

Bonnier et al., 200720

(Belgium)
Retrospective chart review
and prospective (3)

N= 50 accidental TBI all severities
AI= <4y
TPI= acute and >3mos (M=6.6y)

etiology

assessment

outcomes

Campbell et al., 201357

(USA)
Prospective case studies (3) N= 29 severe TBI (<71mos)

AI= 1-70mos (M=1.55y)
TPI= 1-20mos (12 x 1 session per week)

outcomes

contributing factors

Chang et al., 201833

(Taiwan)
Retrospective analysis of
national database (3)

N= 39,005 (7,801 TBI all severities, 31,204 healthy)
AI= <3y
TPI= acute and >10y

outcomes

contributing factors

Crowe, Catroppa, Babl,
Anderson, 201239

(Australia)

Prospective (2) N= 80 TBI (20 mild TBI, 33 mod-severe TBI, 27
uninjured)
AI= 6days-2y;11mos

outcomes

contributing factors
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TPI= >2y (M=46.8mos)

Crowe, Catroppa, Babl,
Rosenfeld et al., 201240

(Australia)

Prospective (3) N= 48 TBI all severities
AI= 2mos-2yrs
TPI= 24-45mos (M=30.06mos)

etiology

outcomes

contributing factors

Crowe, Catroppa, Anderson
et al., 201242

(Australia)

Retrospective chart review
(3)

N= 721 TBI all severities
AI= 6 groups: 0-6mos, 7-12mos, 13-18mos, 19-24mos,
25-30mos, 31-36mos
TPI= day of ED visit

etiology

Crowe et al., 201341

(Australia)
Prospective (2) N= 55 (19 mild TBI, 16 mod-severe TBI, 20

uninjured)
AI= 3wks-2y11mos
TPI= M= 3.95y

outcomes

contributing factors

Crowe et al., 201442

(Australia)
Prospective (2) N=55 (19 mild TBI, 16 mod/sev TBI, 20 control)

AI=<3y (M=14mos)
TPI= >2y (M=47mos)

outcomes

contributing factors

Dégeilh et al., 201847

(Canada)
Prospective longitudinal (2) N= 116 (63 mild TBI, 53 OI)

AI= 1.5-5y
TPI= 6mos and 18mos

outcomes

contributing factors

Ewing-Cobbs et al., 200443

(USA)
Prospective longitudinal (2) N=83 (44 mod-severe TBI, 39 TD)

AI= 2 groups: 11-35mos, 36-71mos
TPI= M=11.30mos for younger age group and
M= 26.8mos for older age group

outcomes

contributing factors

Ewing-Cobbs et al., 201348

(USA)
Prospective longitudinal (2) N= 185 (61 accidental TBI, 64 inflicted, 60 TD)

AI= 0-36mos
TPI= 2 and 12mos

outcomes

contributing factors

Gagner et al., 201849

(Canada)
Prospective longitudinal
cohort (2)

N=229 (86 mild TBI, 62 OI)
AI=1.5-5y
TPI=6mos

outcomes

contributing factors
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Green et al., 201334

(Australia)
Follow-up on longitudinal
cohort (2)

N= 33 (17 TBI parent-proxies all severities, 16 control
parent-proxies)
AI= 0-5y
TPI= 13-16y

outcomes

contributing factors

Haarbauer-Krupa, Arbogast,
et al., 201822

(USA)

Retrospective analysis of
hospital database (3)

N= 69 TBI
AI= 0-4y
TPI= acute, time of ED visit

etiology

Haarbauer-Krupa, King, et
al., 201814

(USA)

Prospective longitudinal (2) N= 80 (39 TBI all severities, 41 OI)
AI= <6y
TPI= at least 1y (M=5.15y)

assessment

outcomes

Haarbauer-Krupa, Lundine,
20185

(USA)

Prospective longitudinal (2) N=80 (39 TBI all severities, 41 OI)
AI= M=2.28y
TPI= >1y (M=5.32y)

assessment

treatment

Haarbauer-Krupa et al.,
201923

(USA)

Retrospective analysis of
national database (3)

N= 47,355 TBI all severities
AI= <4y
TPI= acute, time of ED visit

etiology

Huang et al., 201458

(Taiwan)
Retrospective analysis of
national database (3)

N= 295 mod-severe TBI
AI= 1-3y
TPI= acute, time of hospital admission

outcomes

Jimenez et al., 201535

(USA)
Retrospective cohort (3) N= 658 TBI all severities

AI= 6mos - 3y
TPI= acute, time of inpatient rehabilitation admission

outcomes

contributing factors

Johnson et al., 200526

(United Kingdom)
Retrospective chart review
(3)

N= 72 TBI all severities
AI= 4mos-4.75y
TPI= acute, time of ED visit

etiology

Jonsson et al., 201336

(Australia)
Prospective (3) N= 20 TBI all severities at testing time one (i.e., acute

and 30mos)
N = 10 TBI all severities at testing time 2 (i.e., 10y)
AI= 4.3y
TPI= acute, 30mos, 10y

outcomes
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Kaldoja & Kolk, 201250

(Estonia)
Prospective case-control (2) N= 105 (35 mild TBI, 70 age-matched controls)

AI= 3-5y;6mos
TPI= 9mos

outcomes

contributing factors

Keenan et al., 200631

(USA)
Longitudinal follow up (2) N= 153 (50 noninflicted TBI, 62 inflicted TBI, 31

uninjured)
AI= <2y
TPI= 1-2y

assessment

outcomes

contributing factors

Keenan et al., 200730

(USA)
Longitudinal follow up (2) N= 153 (50 noninflicted TBI, 62 inflicted TBI, 31

healthy controls)
AI= <2y
TPI= 1-2y

outcomes

contributing factors

Keenan et al., 201851

(USA)
Prospective cohort (2) N= 519 (386 TBI all severities, 133 OI)

AI= 2.5-5y
TPI= 3mos and 12mos

outcomes

contributing factors

Keenan et al., 201952

(USA)
Prospective cohort (2) N= 168 (123 TBI all severities, 45 OI)

AI= 0-<31mos
TPI= 3 and 12mos

outcomes

contributing factors

Lalonde et al., 201956

(Canada)
Prospective cohort (3) N= 68 mild TBI

AI= 18-60mos
TPI= 6mos

contributing factors

Landry-Roy et al., 201844

(Canada)
Prospective longitudinal (2) N= 167 (84 mild TBI, 83 TD)

AI= 18-60mos
TPI= 6mos

outcomes

Contributing factors

Liu & Li, 201353

(USA)
Retrospective (3) N = 725 (97 single TBI, 70 multiple TBI, 558 no

injury)
AI= not provided
TPI= not provided
Age at time of study = 6y

etiology

outcomes

contributing factors

Love et al., 200924

(USA)
Retrospective analysis of
database (3)

N= 171 TBI all severities
AI= 6 groups: 0y, 1y, 2y, 3y, 4y, 5y

etiology
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TPI= acute, time of ED visit contributing factors

McKinlay et al., 201454

(New Zealand)
Longitudinal birth cohort (2) N= 1265 (293 TBI all severities, 972 no injury)

AI= 0-5y
TPI= 16-25y

outcomes

contributing factors

Morgan et al., 200259

(Australia)
Prospective case study (3) N= 18 moderate-severe TBI

AI= 11mos-4y;9mos
TPI= M= 27.7days

outcomes

Prasad et al., 2017 29

(USA)
Prospective longitudinal (2) N= 156 (23 mild/moderate TBI, 56 severe TBI, 35 OI,

42 healthy controls) (N for age subgroup is not
specifically reported)
AI= 2mos-6yrs
TPI= 2y and 6y

outcomes

contributing factors

Rivara et al., 201238

(USA)
Retrospective analysis of
county database (3)

N= not reported for the subgroup, only estimates
provided
AI= 2-4y
TPI= 3 & 12mos

etiology

outcomes

contributing factors

Sariaslan et al., 201637

(Sweden)
Retrospective analysis of
national database (3)

N= not reported for subgroup
AI= 0-4y
TPI= up to 41y

outcomes

Satapathy et al., 201625

(India)
Retrospective chart review
(3)

N= 31 TBI all severities
AI= <5y
TPI= acute, time of admission to neurosurgery
department

etiology

Schrieff et al., 201328

(South Africa)
Retrospective chart review
(3)

N= 49 severe TBI
AI= 0-4y
TPI= acute, time of admission to general trauma ward

etiology

Suskauer et al., 201816

(USA)
Retrospective chart review
(3)

N= 28 TBI all severities
AI= 3-5y
TPI= 19-70days (M=38days)

assessment

outcomes
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Udoh & Adeyemo, 201327

(Nigeria)
Prospective (3) N= 50 TBI all severities

AI= 0-3y
TPI= acute, time of admission to hospital

etiology

Walz et al., 200955

(USA)
Prospective (2) N= 145 (42 moderate TBI, 17 severe TBI, 86 OI)

AI= 3y-5y11mos
TPI= 8-104days

outcomes

contributing factors

AI= Age at Injury; ED= emergency department; M= mean; OI= orthopedic injury; TBI= traumatic brain injury; TD= typically developing; TPI= Time
Post-Injury
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Figure 1. Study Selection, adapted from Moher et al.17
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Continuing Education Questions:
1. In the United States, which of the following is the most common etiology for TBI in

young children?

a. Motor vehicle accidents

b. Falls

c. Sports-related injuries

d. Being struck by or against an object

e. Assault

2. Which of the following evidence-based treatment plans should an SLP perform for a

young child who has sustained a TBI?

a. A motor speech assessment

b. A neurodevelopmental assessment

c. A language assessment

d. A cognitive communication assessment

e. A comprehensive assessment, which includes the above assessments as well as

caregiver report and other relevant measures

3. In accordance with evidence-based outcomes, which outcomes can occur in individuals

who sustain a TBI in early childhood?

a. difficulties maintaining developmental expectations

b. long-term disability

c. difficulties with cognitive and executive functioning skills

d. difficulties with social and language skills

e. All of the above
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4. Which of the following is associated with poorer long-term outcomes for individuals who

sustain a TBI in early childhood?

a. Milder injury severity

b. Higher socio-economic status

c. Higher pre-injury functioning

d. History of multiple TBIs

e. Receipt of long-term supports and services post-injury

5. Speech-language pathology treatment for individuals with a history of early childhood

TBI should be based on which of the following?

a. The client’s individual strengths and needs

b. Available research evidence

c. Comprehensive assessment of skills upon referral

d. Continuous monitoring and assessment of performance across the individual’s

academic career, as necessary

e. All of the above
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Learning Outcomes:

After reading this article, the learner will be able to:

1. Describe the etiology of early childhood TBI in the United States

2. Summarize evidence-based assessment and treatment strategies in speech-language

pathology for individuals who experienced a TBI in early childhood

3. Describe the speech-language pathology outcomes and factors that contribute to the

outcomes for individuals who experienced a TBI in early childhood

4. Apply the available evidence to current assessment and treatment practices in

speech-language pathology


