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Defining TBIDefining TBI
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Multiple namesMultiple names

Traumatic brain injury (TBI)Traumatic brain injury (TBI)
ConcussionConcussion
Acquired brain injury (ABI)Acquired brain injury (ABI)
Closed head injury (CHI)Closed head injury (CHI)
Head injuryHead injury
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DefinitionsDefinitions

Mild TBI is Mild TBI is ““thresholdthreshold”” diagnosisdiagnosis
No No ““gold standardgold standard”” definition used across definition used across 
disciplines, however:disciplines, however:
–– American Congress of Rehabilitation definition is American Congress of Rehabilitation definition is 

widely usedwidely used
–– World Health OrganizationWorld Health Organization
–– American Academy of Neurology (concussion)American Academy of Neurology (concussion)
–– ICDICD--10 10 PostconcussionalPostconcussional disorder disorder 
–– DSMDSM--IV IV PostconcussionalPostconcussional disorder disorder 
–– IDEAIDEA
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Mild TBI Definition (ACRM)Mild TBI Definition (ACRM)

A traumatically induced physiological A traumatically induced physiological 
disruption of brain function, as manifested disruption of brain function, as manifested 
by at least by at least oneone of the following:of the following:

–– any loss of consciousnessany loss of consciousness
–– any loss of memory for events immediately any loss of memory for events immediately 

before or after the accidentbefore or after the accident
–– any alteration in mental state at the time of the any alteration in mental state at the time of the 

accident (e.g., feeling dazed, disoriented, or accident (e.g., feeling dazed, disoriented, or 
confused) andconfused) and

–– focal focal neurologicneurologic deficit(sdeficit(s) that may or may not ) that may or may not 
be transientbe transient
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Mild TBI Definition (ACRM)Mild TBI Definition (ACRM)

But where the severity of the injury does not But where the severity of the injury does not 
exceed the following:exceed the following:

–– loss of consciousness of approximately 30 min loss of consciousness of approximately 30 min 
or lessor less

–– after 30 min, an initial Glasgow Coma Scale after 30 min, an initial Glasgow Coma Scale 
score of 13score of 13––15 and15 and

–– postpost--traumatic amnesia not greater than 24 hrtraumatic amnesia not greater than 24 hr
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Of noteOf note

The severity classification of TBI is based The severity classification of TBI is based 
on injury characteristics, not subsequent on injury characteristics, not subsequent 
severity of disability severity of disability –– even mild TBI may even mild TBI may 
produce severe disabilityproduce severe disability

It is common for there to be no evidence of It is common for there to be no evidence of 
injury on neuroimaginginjury on neuroimaging

National Academy of Neuropsychology, Archives of Clinical 
Neuropsychology 24, 3–10, 2009; Wood, 2004
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What happens after TBI?: What happens after TBI?: 
Mechanisms and Mechanisms and 

consequences of TBIconsequences of TBI
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Type of injuriesType of injuries
ImpactImpact
InertialInertial
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Stoller & 
Hill (1998)
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Stoller & 
Hill (1998)
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Stoller & 
Hill 

(1998)
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TBI is a biological event TBI is a biological event 
within the brainwithin the brain
Tissue damageTissue damage
Bleeding Bleeding 
SwellingSwelling
Diffuse axonal injuryDiffuse axonal injury
CytotoxicCytotoxic cascade (toxicity to brain cascade (toxicity to brain 
cells)cells)
Neurotransmitter disturbancesNeurotransmitter disturbances
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Levels of TBI Levels of TBI 
Severity:Severity:

Mild                     Mild                     85%85%

ModerateModerate
SevereSevere 15%
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Levels of TBI Levels of TBI 
Severity:Severity:

Most people with mild TBI make a Most people with mild TBI make a 
complete recovery (80% to 90%)complete recovery (80% to 90%)
““Miserable minorityMiserable minority”” have chronic have chronic 
disabilitydisability
Recovery typically takes place in weeks Recovery typically takes place in weeks 
or months (if at all)or months (if at all)

Ruff et al. (1996)
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ModerateModerate--severe TBIsevere TBI
–– HospitalizedHospitalized
–– RehabilitationRehabilitation

Mild TBI Mild TBI 
–– Emergency roomEmergency room
–– MD officeMD office
–– Often unreported, undiagnosedOften unreported, undiagnosed
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Problems and Symptoms 
After TBI

Problems with thinking affect
– Awareness and insight into one’s own behavior
– Processing speed
– Attention/Concentration
– Memory
– Executive functioning (execution of goal-directed activities, 

planning, organization, multi-tasking etc.)
– Judgment
– Cognitive fatigue
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Problems and Symptoms 
After TBI

Emotional and behavioral problems
– Difficulty controlling emotions
– Impulsivity and poor self-control 
– Disinhibition
– Frustration
– Agitation
– Restlessness
– Aggression
– Apathy
– Depression
– Self-doubt and self-criticism
– Anxiety
– Isolation
– Avoidance
– Grief, disbelief and confusion over losses and changes
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Problems and Symptoms 
After TBI

Physical problems
– Pain
– Sensory disturbances
– Sleep disorders
– Fatigue
– Dizziness and balance problems
– Seizures
–– Endocrine problemsEndocrine problems
–– Sexual dysfunctionSexual dysfunction
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Problems and Symptoms 
After TBI

Functional problems
– Difficulty at school and work
– Difficulty maintaining relationships
– Difficulty communicating with others
– Difficulty socializing 
– Difficulty taking care of ADLs and IADLs
– Substance abuse
– Criminal behavior
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Recovery after TBI is:Recovery after TBI is:

A multistage processA multistage process
Continues for yearsContinues for years
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Epidemiology of TBI and Epidemiology of TBI and 
related disabilityrelated disability
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TBI & DisabilityTBI & Disability
1.7 million TBI1.7 million TBI--related deaths, hospitalizations, related deaths, hospitalizations, 
and ED visits occur in the U.S. and ED visits occur in the U.S. each yeareach year. . 
An estimated 124,626 people with TBI An estimated 124,626 people with TBI 
experience longexperience long--term impairment or disability term impairment or disability 
from their injury from their injury each yeareach year..
So these figures suggest that over 7% of So these figures suggest that over 7% of TBIsTBIs
result in significant disabilityresult in significant disability
At least 2% of US population have TBIAt least 2% of US population have TBI--related related 
disabilitydisability

(Centers for Disease Control and Prevention, 2010)(Centers for Disease Control and Prevention, 2010)
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CostCost
TBIs requiring hospitalization cost the 
nation over $56 billion each year. 
(Includes decreased tax revenues and increased welfare 
costs when injured persons or their caregivers are 
unable to return to work)

(CDC, 2001)
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TBI in ChildrenTBI in Children
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Annually about 630,000 TBIs among childrenAnnually about 630,000 TBIs among children

Leading cause of death in childrenLeading cause of death in children

Most children (over 90%) are treated and Most children (over 90%) are treated and 
released from the emergency department (if seen released from the emergency department (if seen 
by a health care provider at all)by a health care provider at all)

TBI is a high incidence event!TBI is a high incidence event!

TBI in the United StatesTBI in the United States
Children (0Children (0--19 years)19 years)
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TBI in the United States
TBIs by Age Group

*  Average annual rates, 1995-2001
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TBI in the United States
TBIs by Cause

*  Average annual rates, 1995-2001; ED visits, hospitalizations, and deaths combined
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TBI in the United States
TBIs by Sex

*  Average annual rates, 1995-2001
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TBI in the United StatesTBI in the United States
For More InformationFor More Information

Visit the CDC website Visit the CDC website 
http://www.cdc.gov/traumaticbraininjury/tbi_ed.htmlhttp://www.cdc.gov/traumaticbraininjury/tbi_ed.html
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TBI in Connecticut 2000TBI in Connecticut 2000--20042004

14,534 TBI14,534 TBI--related ED visits a yearrelated ED visits a year
56% percent of 56% percent of TBIsTBIs occurred in the 0 occurred in the 0 –– 24 years old age 24 years old age 
groupgroup
36% of 36% of TBIsTBIs occurred in children <15occurred in children <15
12.5% of 12.5% of TBIsTBIs occurred in age group 15 occurred in age group 15 -- 1919
7.6% of 7.6% of TBIsTBIs occurred in age group 20 occurred in age group 20 –– 2424
Highest rates of TBIHighest rates of TBI--related injuries were among:related injuries were among:
–– Toddlers <1 year (1,331.6 per 100,000 population)Toddlers <1 year (1,331.6 per 100,000 population)
–– Children 1 Children 1 –– 4 years (1,087.7 per 100,000 population)4 years (1,087.7 per 100,000 population)

(Connecticut Department of Public Health Injury Prevention Progr(Connecticut Department of Public Health Injury Prevention Program, 2008, am, 2008, 
httphttp://www.ct.gov/dph/lib/dph/hems/injury/ed_databook/final_ed_datab://www.ct.gov/dph/lib/dph/hems/injury/ed_databook/final_ed_databook_051508.pook_051508.p
dfdf))
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Impact ofImpact of TBI on TBI on 
DevelopmentDevelopment

TBITBI--related problems may impact all related problems may impact all 
subsequent developmental stagessubsequent developmental stages
Lags (or nonLags (or non--development) of expected  development) of expected  
cognitive/emotional/work related abilitiescognitive/emotional/work related abilities
Lack of achievement of Lack of achievement of ““expectedexpected””
developmental milestones across the developmental milestones across the 
lifespanlifespan
Challenges may take Challenges may take yearsyears to emerge and to emerge and 
not be related back to early onset TBInot be related back to early onset TBI
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Impact of TBI on DevelopmentImpact of TBI on Development

Childhood onset TBI threatens:Childhood onset TBI threatens:
–– Academic performanceAcademic performance
–– Social and emotional developmentSocial and emotional development
–– Identity formationIdentity formation
–– Chance of being a happy, productive member Chance of being a happy, productive member 

of societyof society
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Impact of TBI on DevelopmentImpact of TBI on Development

Prognosis is worse and recovery slower withPrognosis is worse and recovery slower with
–– Early injury Early injury 
–– More severe injuryMore severe injury

Prognosis is better withPrognosis is better with
–– Higher SESHigher SES
–– Learning support and stimulation in the homeLearning support and stimulation in the home
– Higher family function (more cohesion, flexibility, 

more positive relationships)

Anderson et al. (2005; 2009), Anderson et al. (2005; 2009), GerrardGerrard--Morris et al. (2010), Morris et al. (2010), RivaraRivara et al. (1993; 1994), Taylor et et al. (1993; 1994), Taylor et 
al. (2008), al. (2008), YeatesYeates et al. (1997)et al. (1997)
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Unidentified TBI in ChildrenUnidentified TBI in Children
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Why is Identification an Issue?Why is Identification an Issue?

Statistics underestimate the enormity of Statistics underestimate the enormity of 
the problem the problem (National Center for Injury Prevention and Control, 2003)(National Center for Injury Prevention and Control, 2003)

Include only those children who die, are Include only those children who die, are 
hospitalized, or who receive care in an hospitalized, or who receive care in an 
emergency room emergency room (Langlois, 2001). (Langlois, 2001). 

An unknown number are not included in An unknown number are not included in 
TBI statistics because they are not treated TBI statistics because they are not treated 
in hospitals, if they receive treatment at all in hospitals, if they receive treatment at all 
(Bryan, 1995; Carney & (Bryan, 1995; Carney & SchoebrodtSchoebrodt, 1994)., 1994).
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Why is Identification an Issue?Why is Identification an Issue?

630,000 brain injuries in children under 20 630,000 brain injuries in children under 20 
every year every year (CDC, 2010)(CDC, 2010)

If, for example, approximately 7% have If, for example, approximately 7% have 
long term disability long term disability (CDC, 2010)(CDC, 2010)……thenthen……

About 44,000 kids likely become disabled About 44,000 kids likely become disabled 
by TBI by TBI every yearevery year (approx. 500 in CT)(approx. 500 in CT)
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Why is Identification an Issue?Why is Identification an Issue?

BUTBUT……

6,752,694 kids with disabilities served 6,752,694 kids with disabilities served 
under IDEA (US Dep. of Ed., Fall, 2006)under IDEA (US Dep. of Ed., Fall, 2006)

Only 24,446 kids classified with TBI under Only 24,446 kids classified with TBI under 
IDEA (US Dep. of Ed., Fall, 2006)IDEA (US Dep. of Ed., Fall, 2006)

http://www.ideadata.org/arc_toc8.asp#partbCChttp://www.ideadata.org/arc_toc8.asp#partbCC
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Some Screening DataSome Screening Data
In Denver schools among 101 children referred In Denver schools among 101 children referred 
to special education, 36% of kids screened had to special education, 36% of kids screened had 
moderate to high probability of TBI with moderate to high probability of TBI with 
sequelaesequelae

In NYC public schools In NYC public schools 
–– among 174 kids screened, 9% found to be among 174 kids screened, 9% found to be ““at risk for at risk for 

having had a BIhaving had a BI”” and and 
–– 75% of At Risk group showed some impairment on 75% of At Risk group showed some impairment on 

neuropsychological and/or behavioral measuresneuropsychological and/or behavioral measures
(Cantor et al., 2006) (Cantor et al., 2006) 
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Why is Identification an Issue?Why is Identification an Issue?

Children may be:Children may be:

––Unidentified Unidentified (kids who function (kids who function ““OKOK”” but but 
fall well short of potential)fall well short of potential)

––MisidentifiedMisidentified ((““behavior problembehavior problem””, ADHD, , ADHD, 
LD, developmentally disabled, LD, developmentally disabled, ““bad kidbad kid””, , 
““slowslow””, etc.), etc.)
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Lack of identification may lead to:Lack of identification may lead to:

MisdiagnosisMisdiagnosis
Inappropriate treatmentInappropriate treatment
Mismatch between treatment and Mismatch between treatment and 
cognitive impairmentcognitive impairment
Academic and vocational failureAcademic and vocational failure
Increased psychopathologyIncreased psychopathology
Reduced quality of lifeReduced quality of life
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Why is Identification an Issue?Why is Identification an Issue?

Children with TBI who remain unidentified Children with TBI who remain unidentified 
or misidentified are likely to fail or fall or misidentified are likely to fail or fall 
behind in school behind in school (D(D’’Amato & Rothlisberg, 1996)Amato & Rothlisberg, 1996)

Children with TBI and their families Children with TBI and their families benefitbenefit
from interventions and instructional from interventions and instructional 
practices designed for them or adapted for practices designed for them or adapted for 
them them ((BragaBraga et al., 2005; Feeney & et al., 2005; Feeney & YlvisakerYlvisaker, 2003; , 2003; GlangGlang et al., 2008; et al., 2008; MastropieriMastropieri, 1988; , 1988; 
YlvisakerYlvisaker et al., 2005; et al., 2005; YlvisakerYlvisaker & Feeney, 2009)& Feeney, 2009)



4444

Why is Identification Poor?Why is Identification Poor?
Poor transition services between hospital/ED and schoolPoor transition services between hospital/ED and school
Ignorance amongst physicians/allied health Ignorance amongst physicians/allied health 
providers/educators/social workers/school providers/educators/social workers/school 
psychologists/etc. about potential consequences of TBI psychologists/etc. about potential consequences of TBI 
and how to manage themand how to manage them
Lack of communication between service providersLack of communication between service providers
Reliance on the family to report brain injury to the school, Reliance on the family to report brain injury to the school, 
physician and other relevant partiesphysician and other relevant parties
Delayed presentation of problems (can be years!)Delayed presentation of problems (can be years!)

GlangGlang et al., 2008 et al., 2008 
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Serving children with TBIServing children with TBI
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What Steps Are Needed?What Steps Are Needed?

Screening Screening 
Education (publicEducation (public--atat--large, kids, families, large, kids, families, 
teachers, health care professionals, social teachers, health care professionals, social 
workers etc.)workers etc.)
Integrated services provided in the context Integrated services provided in the context 
of schools and family life of schools and family life 
Communication between service providers Communication between service providers 
and familiesand families

((YlvisakerYlvisaker et al., 2005)et al., 2005)
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What Services are Needed?What Services are Needed?
Beneficial services and interventions include Beneficial services and interventions include ((YlvisakerYlvisaker et al., et al., 
2005 based on the New South Wales South West Brain Injury Rehabi2005 based on the New South Wales South West Brain Injury Rehabilitation Service Kids Team)litation Service Kids Team)

–– ScreeningScreening
–– AssessmentAssessment
–– ProblemProblem--solving consultation and case management for schools solving consultation and case management for schools 

and families implemented in school and home settingsand families implemented in school and home settings
–– Occasional direct therapy servicesOccasional direct therapy services
–– Training/support for local service providersTraining/support for local service providers
–– Development of acquired brain injury competence in local Development of acquired brain injury competence in local 

schoolsschools
–– Development of referral networks Development of referral networks 
–– Sibling supportSibling support
–– Development and distribution of resources, such as Development and distribution of resources, such as ““Fact PacksFact Packs””

given to families, schools, and other stakeholders given to families, schools, and other stakeholders 
–– Creation of local support networksCreation of local support networks
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What Services are Needed?What Services are Needed?
BrainSTARSBrainSTARS: The Children: The Children’’s Hospital, Aurora, CO s Hospital, Aurora, CO ((DiseDise--Lewis et al., 2007) Lewis et al., 2007) 

Effective support for students with brain injury requires a teamEffective support for students with brain injury requires a team effort. effort. 

Program provides education for parents and school personnel so tProgram provides education for parents and school personnel so that hat 
they can create and support knowledgeable, maximally functional they can create and support knowledgeable, maximally functional 
familyfamily--school teams. school teams. 

BrainSTARSBrainSTARS ManualManual
–– Includes background information about brain injury, child and adIncludes background information about brain injury, child and adolescent olescent 

development, ways to create positive change, a comprehensive lisdevelopment, ways to create positive change, a comprehensive list of t of 
problems associated with brain injury, recommended interventionsproblems associated with brain injury, recommended interventions, and , and 
worksheets.worksheets.

–– Reviewed by an advisory board of parents, school personnel, and Reviewed by an advisory board of parents, school personnel, and 
students with brain injury, as well as by a group of national exstudents with brain injury, as well as by a group of national experts. perts. 

–– Extensively fieldExtensively field--tested with parents and school teams and revised to tested with parents and school teams and revised to 
represent current bestrepresent current best--practices in the education and development of practices in the education and development of 
students who have acquired brain injuries.students who have acquired brain injuries.
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What Services are Needed?What Services are Needed?
Training events and workshops have been provided for school Training events and workshops have been provided for school 
personnel, family members, therapists, medical professionals, anpersonnel, family members, therapists, medical professionals, and d 
other members of the community. other members of the community. 

Consultation with school personnel by telephone helpline, classrConsultation with school personnel by telephone helpline, classroom oom 
observation, telephone conferences, records review and observation, telephone conferences, records review and 
interpretation, interpretation, IEPIEP consultation, and onconsultation, and on--going ingoing in--school consultation. school consultation. 

http://www.thechildrenshospital.org/conditions/rehab/camps/brainhttp://www.thechildrenshospital.org/conditions/rehab/camps/brainstasta
rs.aspxrs.aspx
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Thank youThank you
joshua.cantor@mountsinai.orgjoshua.cantor@mountsinai.org

and and www.tbicentral.orgwww.tbicentral.org


