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ABSTRACT

Traumatic brain injury is the most common causdezith and disability in childhood.
Our findings suggest that children with TBI exhitmbre problematic pre-injury social and
emotional behaviors, mainly in self-regulation audonomy. These difficulties in self-
regulation and autonomy were also present postyirgod new problems in interaction with
other people had emerged. We also found that #rersignificant gender differences in both
pre- and post-injury social and emotional probleviikile boys have more difficulties with
self-regulation, compliance and interaction withestpeople, girls are more prone to have
problems in adaptive functions. After TBI the imtlery of poorer self-regulation, autonomy
and interaction with peers and other people in myklower adaptive skills in girls may
have serious effect on these boys’ and girls’ ilife. Early gender specific detection and
intervention of emerging social-and emotional peois is crucial.

Keywords: social and emotional behavior, developmeif-regulation, childhood traumatic

brain injury.
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KOKKUVOTE

Lapseea ajutraumaga vaikelaste emotsionaalne ja Sthalne kaitumine

Lapseea ajutrauma on ks sagedasemaid laste s@edielasiste tervisehadade
pdhjusi. Meie uuringu tulemused kinnitavad, eti@uimaga lastel esineb juba enne traumat
eakaaslastest rohkem sotsiaal-emotsionaalseidgamial: raskusi valmistab nii enesekontroll
kui ka iseseisvus ning traumajargselt lisandusididalemisraskused teiste inimestega. Veel
leidsime, et nii enne kui ka peale traumat esimst@l rohkem probleeme enesekontrollis,
sOnakuulekuses ja teiste inimestega suhtlemisestadrukutel oli raskuski adaptiivsetes
voimetes. Kehvem enesekontroll, iseseisvus nihgemisraskused teiste inimestega poistel
ja kehvemad adaptiivsed funktsioonid tidrukuteladi olulisel maaral mdjutada
ajutraumaga poiste ja tidrukute edasist elu. Vagiae on soo spetsiifiliste sotsiaal-
emotsionaalsete probleemide avastamine ning sekklumisstrateegia rakendamine
probleemide varases etapis.

Marksbnad: sotsiaalne ja emotsionaalne kaitumimeng, enesekontroll, lapseea ajutrauma.
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INTRODUCTION

Traumatic brain injury (TBI), also referred to dssed-head injury, is a form of
acquired brain injury that arises as a result ohbtrauma to the head (Yeates, 2000). TBI is
the most common cause of death and disability umggoeople (Ghajar, 2000) with a
mortality rate of 10 per 100,000 children (Langld®utland-Brown, & Wald, 2006). This
mortality rate alone, although concerning, doesfulbt describe the impact of TBI.

In the United States, among the entire pediatrpupation of age 0-14 years, the average
incidence of all types of TBI has been reportedeaat 75 000 a year (Langlas$ al.,2006).
According to the epidemiological study of Vents&blk, Talvik, Véli, Vaikmaa & Talvik,
(2008), the incidence of TBI in childhood in Estam up to 369 out of 100 000.

Most studies report incidences based on contathstiag health care system and give
figures for mild TBI to 80-90% of the total incidesy moderate TBI to 7-8% of the total
incidence, and severe TBI to 5-8% of the totaldeaice (Langloigt al.,2006; Bruns &
Hauser, 2003; Hawley, Wartlagnay, & Long, 2003; Cassidy, Carroll, Pelosorddeon
Holst, Holm, Kraus, & Coronado, 2004). About 82¢d81 cases in Estonia were evaluated
as mild (303 per 100 000), while moderate and sV&i-s constituted 18% of the cases.
TBI was fatal in 0.8% of the cases (Ventaedal., 2008).

It is estimated that in any one year, as much asut@f 100 000 children are
hospitalized because of TBI (Schneier, Shields téttes, Xiang, & Smith, 2006)n Tartu
University Hospital's Children’s Clinic about 13%itoof all patients hospitalized in the
department of Neurology and Neurorehabilitationvacéms of TBI. Of all pediatric head
trauma hospitalizations in the United States, 11aB&adnfants below the age of 1 year
(Schneiert al, 2006). TBI represents a major public health [mweband reflects an ongoing
social and economic burden for the community. 18Q 9Bl was added as an educational

disability category for special education in thdiimduals with Disabilities Education Act.



Social-emotional behavior and childhood TBI 5

TRAUMATIC BRAIN INJURY

Mechanism of traumatic brain injury

The cascades of events during the brain injurynateeompletely understood and have
been separated into primary and secondary inj@kesdelow, Teasdale, & Jennet, 1990).
Primary injury is the physical deformation of skidfain, and blood vessels at the time of
impact. The injury may result from external objesttsking or penetrating the head, sudden
acceleration, deceleration or torsion. The cond#timay occur alone or in combination.
Acceleration and deceleration typically occur intamavehicle accidents. Violent shaking may
exert rotational forces (e.g. shaken-baby syndromg)act of the brain against the interior of
the cranium may cause laceration, contusion, ameldihg.

Primary processes are best conceptualized in ttegodes: focal injuries and diffuse
injuries. Focal injuries are confined to one arktne brain, whereas diffuse injuries involve
more than one area of the brain.

Focal injuriesare caused by shearing of dural and vascular atichto the inner
surface. Types of focal brain injuries include bmg of brain tissues — contusions,
intracranial hemorrhages, hematomas. Contusionsictesistically occur at the crest of gyri.
Early stage contusions are characterized by punb&nhorrhages, which later become more
extensive with blood flow permeating into white teat Eventually these acute contusions are
represented by shrunken, often brown scars. Rexsardif the site of the original injury,
contusions particularly tend to affect frontal lerbital surfaces of frontal lobes, temporal
lobes and the cortex above and below the Sylvesufe (Gannarelli & Graham, 1998).
Ventral and polar frontal and temporal regionspaeicularly prone to contusional damage
because these areas involve excessive tissuessagéinst the ridges and confines of the
anterior and middle fossa (Gentry, Thompson, & Gskle 1988). There are numerous
subdivisions of contusions including contusiong tieur directly beneath fractures, coup
contusions that occur under the site of impactfergoup contusions that occur in regions
distant to (but not always opposite of) the imgtd, herniation contusions, and gliding
contusions, the latter being associated with diffurguries. There are also several categories
of hemorrhage including intracranial hematoma aased with a direct rupture of a blood
vessel, extradural hematoma associated with stadture, and acute subdural hematoma
caused by a rupture of the bridging veins of theau possibly cortical arteries.
Hemorrhages may usually involve subcortical whitd gray matter (e.g. caudate,

dorsomedial, and ventral anterior thalamus), arcstires involved in fronatal-subcortical
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circuits (Cummings, 1993). Scalp hematoma may careskull fracture and, in infants, can
result in significant blood loss. Simple lineardiares are generally benign, but the presence
of any fracture greatly increases the risk fordaotanial hemorrhages. Skull fractures are
reported after 20% of childhood traumatic braiuiigs (Harwood-Nash, Hendrick, Hudson,
1971), but especially among children up to 40%hefépidural hematoma cases occur
without skull fracture (Stalhammer, 1990).

Head trauma is by its nature a diffuse processodateral swelling can occur in the
absence of discrete focal lesion. In fact, diffasin injury is more common in children,
because of the greater head-to-torso ratio and4water content, whereas focal cerebral
damage like contusion is more common in older adalets and adults (Lang & Chesnut,
1994; Mazzola & Adelson, 2002). Diffuse injuriae generally associated with concussion
(discussed later in detail *) diffuse axonal injurycoma. Diffuse axonal injury, the second
most common form of diffuse injury after concussimsults from acceleration/deceleration
forces leading to disruption of axonal degeneratik®a consequence, there is a widespread,
scattered deafferentation of axonal projectiondushing those involving prefrontal system.
By its nature, diffuse axonal injury can occur tighout the brain, with the propensity for
regions with major fiber tract (e.g. corona radiat@pus callosum, and brainstem).

Secondary injury occurs minutes, hours, or days #fe insult and is manifested by
progression of cerebral edema, elevation of in&maiat pressure, continued fall of cerebral
blood flow, and ongoing cytotoxic neural damagelfdt & Wilson, 1993). Secondary
response to injury is complex, and involves a systé cascades with positive and negative
feedback (Kennedy & Moffat, 2004). It involves maptyysiologic, biochemical, and
inflammatory changes that occur after the primajyry and can adversely affect vulnerable
neurons unaffected from the primary injury. The ptew cascades of secondary injury
involve inflammatory cells and mediators, excitgtoeurotransmitters, transmembrane
movement of calcium and other electrolytes, lipgdgxidation, oxygen free radicals,
apoptosis, nitric oxide production, and a myriaatbfer reactions, and can potentially lead to
progressively worsening swelling and neuronal délétthaneck, 2006). Secondary injury

contributes a large amount of morbidity and margdtiom TBI (Sullivan, 2000).

Mild, moderate and severe TBI
In addition to dividing TBI into diffuse and fochtain injury, it is possible to further
separate TBI depending on the extent of the darmatje brain. One can hereby distinguish

mild, moderate and severe TBI.
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Severity of TBI may be defined in terms of injutyacacteristics, level of
consciousness or the severity of computed tomogréPh) magnetic resonance imaging
(MRI) appearances. The level of consciousnesseseptation, measured using the Glasgow
Coma Scale (GCS), is predictive of neurologicatonte (Teasdale & Jennet, 1974). GCS
has three components: eye opening (ranging frood), tbest verbal response (ranging from
1 to 6) and best motor response (ranging from@) téor a total score from 3 (worst) to 15
(normal). Special modifications of GCS are avagdior evaluating pediatric population,
especially young children and infants (Reilly, Ssap, Sprod, & Thomas, 1988).

According to Rosman, Herskowitz, Carter, & Conrt®79), mild head injury results
in GCS score of 13 or higher in the acute perigdyell as clinical symptoms of
disorientation, altered mental status, and headackiemiting. Concussion is by far the most
commonly diagnosed subtype of mild head injurys tharacterized by transient loss of
consciousness with loss of awareness immediatébmwimg a head injury. The loss of
consciousness (<30 minutes) is attributed to arease in intracerebral pressure, followed by
a shear strain on the upper brain stem (Rosghah, 1979). According to other criteria TBI
is considered mild if GCS is 15; there is a lossaisciousness up to 5 minutes, or vomiting
up to three times, and no neurological locationdMiBI is considered a benign and trivial
neurological condition that results in an appaseatieventful recovery. However, a minority
of mild TBI patients experience continuing post-cossional complaints like subtle memory
deficit and concentration weakness, fatigue, dezsn anxiety and depressive symptoms,
suggesting chronic brain damage (Alexander, 192&igY Butterworth, Griffiths, Hansen,
Preston, Ritch, & Rivers, 2007).

Moderate head injury is usually defined by an &iGCS score of 9 to 12, a loss of
consciousness for between 15 minutes and 6 hawitsa @eriod of post-traumatic amnesia of
up to 24 hours. The above are not the only criteridiagnose a moderate TBI as according
criteria widely used in clinical practice moderatl is diagnosed in patients with a GCS
score of 11-14, or loss of consciousness for muaa & minutes, vomiting more than three
times, dizziness and headaches, seizures aftendrgaosttraumatic amnesia, multiple
traumas, fracture of skull and facial bones, aritfi@buse. Like those with mild TBI-s,
patients with moderate TBI-s are likely to suffearh a number of residual symptoms. Most
commonly reported symptoms include tiredness, rebstaand dizziness (physical effects),
difficulties in thinking, attention, memory, plamg, organizing, concentration and word-
finding problems (cognitive effects) and irritabil(an emotional and behavioral effects).

Patients with moderate TBI-s pose a case manageshalinge. This group represents a
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heterogeneous population with significant varidpiln terms of trauma severity, hospital
course, neurological recovery, and sequ@lamz & Jenks, 2003).

Patients with severe TBI have a GCS score of &g &nd have been in a coma for 6
hours or more, or have had a post-traumatic amwég&d hours or more. In clinical practice
following criteria for severe TBI diagnosis is alssed: GCS score 10 or less or a
neurological location. Depending on the lengthimitin coma, severe TBI patients tend to
have serious physical deficits. Most patients wekiere TBI, if they recover consciousness,

suffer from cognitive disabilities.

Main causes of traumatic brain injury

Demographic risk factors for all childhood injuri@slude poverty, single-family
households, and congested living conditions. Psybihistories, drug and/or alcohol use,
and physical illness are found more frequently agnitve parents of injured children.
Unsupervised play is also reported more frequenthych may be directly related to
incidence of injury (Chadwick, Rutter, Brown, Steaff& Traub, 1981). Child behavioral
characteristics associated with high traumaticrbirgury rates include impulsivity,
aggression, and attention seeking behavior. THemecteristics might also be seen as causes
of injury (Matheny, 1987). A previous history odtrmatic brain injury is also associated with
an increased risk of further traumatic brain injuryhildren (Annegers, 1983). Multiple
TBI-s are strongly related to socioeconomic factord behavioral characteristics such as
hyperactivity and aggression (Bijur & Haslum, 1995)

Retrospective studies have revealed that main safsshildhood TBI are traffic and
motor vehicles related (42%) in most of the ca€esaverage, traffic accidents and falls are
reported to account for 75-80% of all brain injgrishereas the proportion of traffic
accidents varies greatly from 19% reported in ol 77% reported in Northern England.
Falls are reported to be the cause of TBI in 13-@2%e cases, with the highest incidence
rate being reported in Iceland (Arnarsson & Haldors 1995). In Estonia falling is the main
cause of childhood TBI in all age groups (63% @f thses) (Ventset al,2008). Worldwide,
sports and leisure activities are reported to besttternal cause in 1-20% of the pediatric TBI
cases, but there is a wide geographical and sdasmmtion. For example, accidents in
skateboard skating and roller-skating in Denmark988 were estimated to have an annual
incidence of 16 out of 100 000 concussions amoiidreim of age up to 14 (Engeberg, 1995;
Engeberg & Teasdale, 1998).
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The peak incidence of childhood TBI occurs duridglascence and young adult
years, with a secondary peak in infancy (Kraus &Akllour, 2000). The etiology of TBI
varies with age. Schoolchildren up to 14 yearagd are prone to suffer traffic accidents and
adolescents are more frequently involved in higkesipmotor vehicle accidents, but mainly
sustain childhood TBI because of a fall, whilemglia bike or as a pedestrian (Thurman &
Guerrero, 1999). In Estonia, cycling and road aanisl are the second most common causes
of TBI among children 4-15 years of age and contell9.6% of all TBI-s (Ventset al,

2008).

For infants and toddlers, falls are the cause®9ef@% of TBI cases (Thurman &
Guerrero, 1999). Infants are also vulnerable teaéggd severe traumatic brain injury (2-10%)
in a form of nonaccidental trauma — inflicted traatio brain injury (Barlow & Minnis, 2000).
Recent childhood TBI studies in Estonia reveahailar trend: falls are the main causes for
TBI among children of up to 4 years of age (79%)addition, 5% of infants and toddlers
diagnosed with TBI are dropped by parents or blyrgjb. For children over 1 year, assaults
cause TBI in 3.8% of the cases (18 cases). Of tbases, 44.5% are caused by aggressive
behavior of other children, while in 55.5% of adtaare caused by adults (Ventsehl,

2008). Child abuse rate in the USA among childnedien age of 5 is ranging from 2.9 out of
100 000 in Connecticut to 15.4 out of 100 000 ivdta (McClain, Sachs, Ewingman, Smith,
Mercy & Sniezek, 1994). In a four-year hospitaldxhstudy from Malaysia on cases of
proven child abuse (Cheah, Kasim, Shafie & Kho®4)%Imost 90% of the children were
younger than 2 years. In 95% of the cases child@lbaused serious intracranial hemorrhage.

In Estonia in Tartu County during the period 20@D2 inflicted traumatic brain
injury or shaken-baby syndrome was diagnosed @sé<in children under the age of 4 years
(Ventselet al, 2008). Talvik, Metsvaht, Leito, P&der, Kool,IiV&introp, Kolk, & Talvik,
(2006) have previously pointed out that Estoniadhhgh frequency of shaken-baby
syndrome — 40.5 out of 100 000 children under ageat, compared to 24.6/100 000 reported
in Scotland by Barlow& Minnis (2000).

The causes of TBI in Estonia do not differ muchfrthe causes of TBI reported in
USA and Western-Europe, The abundant childhoodii@tiences in Estonia compared to
USA and Western-Europe could be partly explaineduth different methodological
approaches used to evaluate the incidences offilf&@fferent countries. However, the main
point of concern is that the incidence rate in Estas especially high among infants and
toddlers from 0 to 4 years of age — 566 out of @00 (572 out 100 000 for boys and 559 out
of 100 000 for girls) (Ventsadt al, 2008).
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Brain injury in immature brain.

Empirical (Kolb & Tomie 1988; Villablanca & Hovda999) and clinical (Trauner,
Chase, Walker, & WulfeckL993) evidence is available to support the pasitiat the
developing brain has remarkable resilience to fogalies such as strokes or surgical
resection, but its ability to recover from diffusguries may be much more limited (Levin,
Benavidez, Verger-Maestre, Perachio, Song, Mente|s& Fletcher, 2000). Studies of
developmental plasticity in children with TBI sugg¢hat pediatric TBI results in altered
brain development. Levin (1992) found that childvemo sustained their injury in infancy had
poorer outcome than children injured later in lif@e early vulnerability hypothesis is
supported by the case study by Marin-Padilla, Ra&rsstrong, Sargent & Kapalan (2002),
who found that a child who sustained neonatal rgady exhibited abnormal cortical
development. In animal studies similar findingsénéeen reported by Bittigau, Sifringer &
Pohl (1999) who argued that the benefits of youthearen less evident when the injury
occurs in a critical window of brain development.

In general, existing evidence does not supporhtimn that young brain is less
vulnerable to damage or recovers better than mataia. Instead, existing evidence suggests
a ,double-hazard” model for severe and early bdamages and adds to the ongoing debate
regarding cerebral plasticity, suggesting that i@mgtto traditional views, young children who
sustain severe TBI in early childhood, or modeaatsever TBI in infancy may be
particularly vulnerable to significant residual iempnent (Anderson & Catroppa, 2005). It is
not yet conclusively clear, however, whether thitriie for all ages, etiologies, or severity

levels of traumatic injuries.

Cognitive sequela after TBI

TBI in childhood is a serious health problem ndiyatue to the high mortality rate but
also because of several long-term neurologicabditas (epilepsy, headache, movement
disorder) as well as behavioral and cognitive potd (Anderson, Morse, Catroppa, Haritou
& Rosenfeld2004; Catroppa & Anderson, 2005; Anderson & Categ@®06; Gil, 2003).
Researchers agree that these problems tend tcaéeissevere TBI (Andersaat al.,2004),
but there is evidence which suggests that even Tidldcan cause various neurological and
cognitive problems (McKinelay, Dalrymple-Alford, iH@ood, & Fergussor002).

A number of studies which have investigated theneabf neuropsychological
impairment following childhood TBI in school-ageldildren and adolescents, suggest that,

even years after injury, deficits are evident iemiional capacity (Catroppa & Anderson,
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1999; Fenwick & Anderson, 1999; Arciniegas, AdlBopkoff, Cawthra, Filley & Reite,
1999), memory and learning (Levin, High, Ewing-CspBletcher, Eisenberg & Miner, 1988,
Anderson, Catroppa, Rosenfeld, Haritou & Morse,@@atroppa & Anderson, 2002, Serra-
Grabulosa, Salgado-Pineda, Junque, Solé-Padull@s| M.Opez-Alomar, Lopez-Guillén,
Bargall6, Mercader, Clemente, & Bartrés-F2@05) psychomotor skills (Bawden, Knights, &
Winogron, 1985), linguistic abilities (Ewing-Cobldiner, Fletcher, & Levin, 1989;
Catroppa & Anderson, 2004) and executive functi@ennis, Barnes, Donnelly, Wilkson, &
Humphreys, 1996; Levin, Scheibel, Fletcher, Harw&rdlily, 1997, for review see Levin &
Hanten, 2005). Recent studies of preschool childnémtraumatic brain injuries indicate that
injuries sustained during infancy or early childd@re associated with more persistent
cognitive deficits than are brain insults occurrthging later childhood and adolescence
(Andersoret al, 2005; Andersoret al.,2000; Dennis & Barnes, 2000; Donders &
Warschausky, 2007).

SOCIAL AND EMOTIONAL BEHAVIOR AND CHILDHOOD BRAIN INJURY

Neurobiology of emotional behavior

According to evolutionary psychology, biologicabgsed emotions represent efficient
modes of adaptation to changing environmental de&anooby & Cosmides, 1990).
Emotions have emerged in the course of evolutionitiye of their capacity to adequately
co-ordinate the cognitive, subjective, physiologiead behavioral systems that characterize
emotion’s multidimensional nature (Levensd®94).

In his review Phillips, Drevets, Rauch & Lane (2p08ncluded that emotional
behavior is dependent upon two neural systemsraleanrtd dorsal system. The ventral system
includes amygdala, insula, ventral striatum, anatna regions of the anterior cingulate gyrus
and prefrontal cortex. The dorsal system includppdtampus and dorsal regions of the
anterior cingulate gyrus and prefrontal cortex,the regions where cognitive processes are
integrated and can be biased by emotional inpug.eMtent to which stimuli are identified as
emotive and associated with the production of &ffecstate and/or emotional behavior may
depend on levels of activity within the ventral atatsal system. The ventral system is
important for the rapid appraisal of emotional miateproduction of affective state, and
autonomic response regulation, whereas the doystdra is important for effortful regulation
of resulting affective states, performance of exigeufunctions, including selective attention

and planning. Specific abnormalities in the funeitng of either or both these two neural
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systems may therefore be associated with abnoresaiit emotional behavior and self-
regulation (Mega, Cummings, Salloway, & Malloy, 799

Stuss (1992) has further proposed that the capafcéynotional self-regulation is
crucial executive function that develops in closkationship with the development of the
prefrontal cortex. This hypothesis is also supgbltg some empirical data from MRI studies
of structural and functional changes in the devielgnuman brain during the first few
decades of life (Casey, Giedd, & Thom2800). With regard to this question, it is
noteworthy that myelination and dendritic developinaccur later in the human prefrontal

cortex than in other cortical regions.

Social and emotional behavior and development th shildhood brain injury

While the cognitive and behavioral sequelae ofdttabd TBI are quite well
documented, there are still too few studies foausim social and emotional consequences of
childhood TBI. Some evidence suggests that childngm TBI are vulnerable to poor social
outcomes (Janusz, Kirkwood, Yeates & Taylor, 20&wartz, Taylor, Drotar, Yeates,
Wade and Stancin, 2003; Yatetsal.,2004; Ganesalingam, Sanson, Anderson, & Yeates,
2007; Ganesalingam, Yeates, Ginn, Taylor, Dietridirss, & Wright,2008). The social and
emotional outcome of TBI in infancy and toddlerhaethains largely uncharacterized and
poorly understood as we still know little about tteture, basis and consequences of social
and emotional problems among preschool childreh Wal.

One of the leading studies in the field of investigg the impact of early life brain
injury on social and emotional behavior was a cisdy by Andersoet al. (1999). The
study covers two patients who had sustained thpiry to prefrontal cortices very early in
life. The patients were examined 20 years aftebth@é injury. One of the patients had
suffered TBI at the age of 15 months while the pttegl undergone a resection of right
frontal tumor at the age of three months. The sasdies revealed that similarly to patients
who had sustained their injuries to prefrontaliced in adulthood, the two early onset
patients had severely impaired social behavioriteesprmal basic cognitive abilities, and
showed insensitivity to future consequences ofgilees, defective autonomic responses to
punishment contingencies and failure to resporzket@avioral interventions. But unlike adult-
onset patients, early-onset patients also had tidesncial and moral reasoning, suggesting
that acquisition of complex social conventions aratal rules had been impaired. This

finding has been hypothesized to reflect the défikiconsequences of damage to well-
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established rule-guided behaviors in adults as emetpto the disruption of developing
socialization processes in children.

William & Maater (1999yeached somewhat similar findings in an older samaglile
studying two patients who suffered TBI and hadaunsd their diffuse frontal lobe injuries at
the age of 8 and 11 years, respectively. The asittamcluded that the areas most affected by
TBI were associated with social and emotional batrailot only did the patients
demonstrate behavioral regression following thgurries (tantrum behavior, increased
dependency), but they also showed abnormal developai social skills and compromise of
behavioral/emotional restraints as they grew oldéHiam & Maarter (1992) propose that
late emerging deficit patterns may be expectedqthealled "sleeper-effect” or "growing-in
to lesion"), reflecting interactions between defi@and failure of development of age-
appropriate competences, consequent lack of acgfuirelamental skills, new situational
demands and emotional responses to failure.

The effect of trauma severity to future social anabtional development has been
shown by Fletcher, Levin, Lachar, Kusnerik, Harwaviéndelsohn, & Lilly (1989). Severe
head injuries among children were associated véttiges in adaptive functioning, whereas
results for children with mild and moderate injgraid not show significant difference or
deviated from average levels at any follow-up wékrThe worse outcome for children with
severe TBI in social problem solving and social petence has been shown to persist over
time (Januset al, 2002, Yeates, Swift, Taylor, Wade, Drotar, Stan& Minich, 2004).
Somewhat controversial findings have been repdije@anesalingam, Sanson, Anderson, &
Yeates (2006) who studied the self-regulation auila$ and behavioral functioning in 6-11
year children with moderate and severe TBI. Noifiant differences were found while
comparing moderate and severe TBI groups, but coedgda healthy controls children with
moderate and severe TBI demonstrated poorer smuibbehavioral functioning. According
to their parents’ and teachers’ reports, childréth WBIl engaged more often in
“externalizing” behaviors, including defiance, teenpantrums, destructiveness, and
restlessness. Furthermore, children with TBI wepmrted to have difficulties in initiating
friendships with peers, giving compliments, requngshelp, and helping family members and
peers. They were more impulsive, easily distraetsdiless attentive in cognitive measures.
Children with TBI were also reported to have po@m®iotions regulation ability: that is their
parents described them as displaying less emotawateness, empathy and situationally
appropriate affect. Children with TBI exhibited raasften poorly regulated negative affect,

including mood swings, flat affect and sociallyppaopriate emotional expressions
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(Ganesalinganet al.,2006; Ganesalingaet al, 2007). Family’s lower socioeconomic status
(SES), fewer family resources and poorer familyctioning exacerbate negative social
outcome significantly (Yeatext al.,2004; Schwartet al.,2003).

Tonks, Williams, Frampton, Yates, & Slater (200@pwed that childhood brain
injury had negative effect on emotion-recogniti&ils and injured children performed
relatively poorer in all emotion-recognition tasksaccordance with previous findings
(Andersoret al, 1999), Tonket al.(2007) found that injured children revealed veny fe
relationships between cognitive functioning and gomoprocessing measures. This suggests
that even when the cognitive abilities are inthetémotion processing may still be severely
impaired.

Max, Levin, Schachter, Landis, Saunders, Ewing-Goklhapman, & Dennis (2006)
studied personality changes due to TBI among 5eb£ glds were 6 and 24 months after the
injury, and concluded that personality change aeaui 3% of the participants between 6-12
months after injury and in 12% in second year dferinjury. Severity of the injury predicts
personality change whereas pre-injury adaptivetfaning predicts personality change only
in the second year after the injury. Lesions ofghperior frontal gyrus are associated with
personality change between 6-12 months followifpgrinand lesions only in the frontal lobe
white matter are significantly related to persayathange in the second-year after the injury.
This finding confirms the importance of dorsal postal cortex and frontal lobe white matter
in effortful and conscious regulation of affectstates (Maet al.,2006).

Several studies suggest that children sufferinghfo@umatic brain injury are more
likely to have a prior history of behavioral andamnal disorder (Bijur & Haslum, 1995).
Goldstrohm & Arffa (2005) even found that premorbghavioral factors account for most of
the problems recognized in post-acute period ak Wety reported that no significant
worsening of emotional and social behavior was se@&months, but higher rates of family
stress and life event changes were reported bytsaoé children with TBI and orthopedic
injury than by parents of non-injured children, gesting that increase in family stress is not
particularly specific to TBI. It is likely that prexisting cognitive, emotional and behavioral
problems affect incidence of injury due to the dfsilinability to evaluate risks and dangers.
Therefore poor social cognition, impulsivity, aryieaggression, disobedience and other
problematic behaviors in infancy and toddlerhoodldde one of the risk factors for later
TBI.

Such controversial findings suggest further redeabout social and emotional behavior and

development among infants and preschoolers with WBW insights promise to improve our
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understanding of the developmental variability & Throughout childhood, and perhaps
expand our knowledge of the complex interplay betwage, severity and mechanism of
injury in childhood TBI. Due to "sleeper-effectt,is especially important to continue to study

the effect of TBI in children longitudinally.

ASQ: SE as one of the instruments suitable to atalnfants and toddlers social and
emotional development

The early identification of social and emotionabiplems in infants, toddlers and
young children is critical for improving developmahoutcomes. Prior, Bavin, Cini, Reilly,
Bretherton, Wake, & Eadie (2008) studied the termpent and behavioral problems
longitudinally within 2 years period in 8 monthsldlealthy infants. And they found that girls
were in advance compared to boys in most develofahereasures including social and
emotional behavior. Mesman, Bonger, & Koot (20@rfd that parental ratings for higher
levels of over activity and aggression at age 2&y were strong predictors to teacher-
reported externalizing problems at age 10-11.

Few strategies exist for early and timely idenéifion of young children who have or
may develop behavioral or mental health difficidti®ne of the possibilities to identify social
and emotional problems in children from 3 monthS §ears 5 months is Ages and Stages
Questionnaires: Social-Emotional (ASQ: SE) scregtiol.

The conceptual underpinning for the ASQ: SE inctudlee social learning model
which posits that social learning occurs as a foncof child’s daily social interaction. In
addition, the developmental organizational theorgt the marginal deviation model provide
useful complements to the social learning theolyese theories suggest that the deviation
from normal developmental trajectories occurs whhe important social, emotional,
cognitive, and social-cognitive processes are redningfully integrated into more advanced
levels of complex functioning. Disturbance at earlevels will likely cause continuing and
more serious disturbances at subsequent levelsd@tails, Squires, Bricker, & Twombly
2003).

The ASQ: SE was developed after an extensive rewkwe literature on social-
emotional development, social-emotional and behaliassessment, and developmental
psychopathology. Approximately 40 experts in dieerdisciplines including special
education, early childhood education, school pshkhyy communication disorders and
science, psychiatry, pediatrics, and child welfasewell as parents reviewed the content of

the ASQ: SE and suggested revision and additiomsfinal United Sates version the
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psychometric data of the ASQ: SE was as followsnBach’s coefficien& ranged from 0.67
to 0.91, indicating strong relationship betweensfjio@naires total score and individual items.
Test-retest reliability was reported to be 94%,atorent validity ranged from 81% to 95%,
with overall agreement of 93%. Sensitivity, or #dality of screening tool to identify those
children with social-emotional disabilities, rangém 71% to 85% with 78% overall
sensitivity. Specificity, or the ability of a scréeg tool to correctly identify those children
without social-emotional delays, ranged from 9099886 with 95% overall specificity. The
utility of the ASQ: SE reported by parents (N=73as 97% (Squires, Bricker, Heo, &
Twombly, 2001).

THE AIMS OF THIS STUDY

On the basis of previous studies it is expectetidhigdren with TBI show impairment
in social and emotional behavior already beforerhey and problems in emotional and
social behavior tend to persist and even enhaneetag injury.

In line with the early vulnerability hypothesisstexpected that children who sustain their
injuries in infancy or early childhood are moreelik to develop higher scale socioemotional
problems. Compared to mild and moderate TBI, seVBias expected to result the worst
outcome in social and emotional behavior. In acaocé with previous findings, parents’
education is expected to have an important effechibial social-emotional outcome, in favor
of children with higher-educated parents. Childndrose injuries affect frontal areas are
expected to do worse in second evaluation comgarelildren whose injuries do not involve
the areas mentioned. Slightly more problematicadaanotional behaviors will be expected

from boys than from girls before the injury andatiow-up.

The aims of the present study are:

1) to investigate the social and emotional behavidoreethe accident in children with
TBI,

2) to investigate the pre-injury gender differencesanial and emotional behavior;

3) to investigate the associations of pre-injury soaiad emotional behavior with sex
and parents’ education;

4) to investigate differences in post-injury sociatlamotional behavior and post-injury
social and emotional development 9 months afteirtjoey during prospective study;
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5) to investigate the gender differences of changesooial and emotional behavior 9
months after injury during prospective study;
6) to investigate the associations between traumaisgaad changes in social and

emotional behavior.

METHOD

The study was carried out from December 1st 200%ptd 1st 2008 at the Tartu
University Hospital’s Children’s Clinic in the Deqpiment of Neurology and
Neurorehabilitation and consisted of two partsgmefd to as Study | and Study II. The study
was approved by the Medical Research Ethics Comendt Tartu University and written

informed consent was obtained from patients’ parémt participation in the study.

Subjects

Study | included 37 children with TBI. The followgrinclusion criteria were used for
patient selection: (1) hospitalization in Tartu arsity Hospital’'s Children’ s Clinic with
diagnosis of TBI; (2) age between 3 to 65 monthtbatime of the injury; (3) parent’s
consent to participate in TBI research; (4) paidghiancy in Estonian language. The age
span at the trauma ranged from 3 to 65 monthsawtiean age of 33.22 months (SD=19.92).
There were 23 boys (mean age 35.43 months, SD=18nd014 girls (mean age 29.57
months, SD=20.47). TBI diagnosis was formulatezbeting to the ICD codes S00-S09,
which include all injuries to head (Ministry of SalcAffairs, 1995). The severity of TBI was
classified according to criteria discussed above Jame classification was previously used
in Tartu University Hospital’'s Children’s Clinic iepidemiological study of TBI in Tartu and
Tartu county by Ventsadt al. (2008).

The causes of TBI were classified according to odes (Ministry o Social Affairs,
1995). The control group was composed of 74 contr@tched to age, sex and parents’
education. Mean age for control children was 320@#mths (SD=20.05) and none of them had
any known neurological or psychiatric diagnosigeRes’ education measures were
categorized as follows: (1) both parents have pyrmeducation or only data about one parent
with primary education is available; (2) one paregis primary education and one secondary
education; (3) both parents have secondary educationly the data about one parent with

secondary education is available; (4) one paremtskaondary education and other parent has
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higher education; (5) both parents have higher &tut or only the data about one parent
with higher education is available.

In Study I, prospective study, 19 children with [TB females and 11 males) were
reevaluated with ASQ: SE age appropriate questionafter a mean interval of 9.37 months
(SD=3.89).

Measures

We used the questionnaire “Ages and Stages: Showtional Questionnaires” to examine
social and emotional behavior in children beford a0 months after TBI. The ASQ: SE is
translated to Estonian with publisher consent leyatithor of the present thesis and is used to
evaluate children’s social and emotional behawvidestonia the first time.

“The Ages and Stages Questionnaires: Social-Emaltio(ASQ: SE) is a parent-
completed, child-monitoring system for social-eranél behaviors for children in the age of
3 to 6 months, worked out by Squires al. (2001). ASQ: SE consists of a series of
guestionnaires designed for child’s parents orrgpiienary caregivers. The ASQ: SE focuses
on child’s social and emotional behaviors in theaar of self-regulation, compliance,
communication, adaptive behaviors, autonomy, affext interaction with other people (see
Table 1).

Table 1. The ASQ: SE seven behavioral areas ssatmted definitions.

Behavioral area Associated definition

—

Self-regulation Items address the child’s abilitynillingness to calm or settle down or adjug

to physiological environmental conditions or stiatidns

Compliance Items address the child’s ability oriwghess to conform to the directions of

others and follow rules.

Communication Items address the child’s ability dlimgness to respond to or initiate verbal pr
nonverbal signals to indicate feelings, affectiveinternal states.

Adaptive functioning Items address the child’s @sscor ability to cope with physiological needs

e.g. sleeping, eating, elimination, safety).

Autonomy Items address the child’s ability or williness to self-initiate or respond
without guidance i.e. moving to independence)

Affect Items address the child’s ability and witlimess to demonstrate his or her owp

feelings and empathy for others

Interaction Items address the child’s ability oliwgness to respond to or initiate social

response to parents, other adults, and peers.
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Questionnaires span the 3 to 63 months period agfiessment intervals at 6, 12, 18,
24, 30, 36, 48, and 60 months. The number of questper questionnaire ranges from 19 on
the 6-month interval to 33 questions on the 48 @hdnonths intervals, and are written at 5th
to 6th grade reading level. Parents’ responsegiges point value of 0, 5 and 10. Scores for
each item are combined into total score; a highl &tore is indicative of problems while low
score suggests the child’s social and emotionahwiehis considered within expectations for
age (Squires, Bricker, Heo, & Twombly, 2001).

The ASQ: SE has been devised to provide ,clinicélaff” scores for all the age
groups. However, rather than using clinical cuspthis study compares control group scores

to total scores, sub-scale scores, and answensgie-sems.

Procedure

In Study I, the parents of children hospitalizethwiiBI filled the ASQ: SE age
appropriate questionnaire to describe their chiteébavior within the previous two weeks.
Medical records of every TBI patient were re-exagdito assure the diagnosis of TBI. The
ICD codes in discharge files were registered bytitba&ting physician. Information about
parents’ education and the cause of the injuryaediected while interviewing the parents
and later confirmed from the child’s medical recrData of lesion localization and severity
was obtained from imaging either by CT or MRI scaNguroimages were not available for
one child of the group.

A further aim was to observe the changes in s@nabtional behavior in our subjects.
Therefore in Study 1l 19 children and age, sex auents’ education matched controls were
reevaluated with the same instrument after a me@n-evaluation interval of 9.36 months
(SD=3.89).

From those children in TBI group for whom reevaiolatdata was unavailable, 9 children
were unresponsive to contacting, 5 were out ofjtiestionnaire’s age range, and too little
time had passed from the initial evaluation of ddtkn. At least 6 months was required

before reevaluation.

Statistical analysis

The internal consistency of the Estonian tranglatibASQ: SE Questionnaires was
measured using Cronbachisnethod. The raw scores of ASQ: SE subtests wanelatdized
into z-scores to make the scales comparable. Btehdition of all subtest scores and single

item-scores was evaluated. ASQ: SE questionnatdxscale scores exhibited non-normal
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distribution. For consistency non-parametric praced were used throughout the analysis.
Non-parametrical methods have been shown a grea¥esr in distinguishing between very
small samples (Bridge & Sawilowski, 1999; Vicke2605).

The non-parametric Mann-Whitné&jtest was used to compare social-emotional
behavior between two different groups. When childeere divided into more than two
groups, the Kruskal-Wallis test was used. Spearsnamik correlation analysis was
performed to compare the correlation between trasgwarity and ASQ: SE total scores, and
between trauma severity and ASQ: SE subtest scores.

For assessing tHeng-term effects, we used the Wilcoxon matchedspaist to
determine the change within groups. To assesdfiet ef change between TBI and control
group score difference was computedshitracting the subtest scores of second evaluation
from the corresponding scores of first evaluatibims score difference was assessed with the
Mann-WhitneyU-test. The correlation with trauma severity andrsabfferences was
computed using Spearman’s rho measure. Kruskali$\telit was used to assess the outcome
in TBI children with different parental educatichll tests were two-tailedThe significance
level was set ta=0.05 Statistical data analysis was performed \&tatistical Package for
Social Sciences (SPSS. i Statistica 6.Qorograms.

RESULTS

Internal consistency of ASQ: SE

ASQ: SE questionnaires’ internal consistency rdliglwas evaluatedsing
Cronbach’sx coefficient. Similarly to original questionnairdeetinternal reliability was better
in 60 months and 48 months questionnaite®(723,a=0.763 respectively). Moderate
internal reliability was seen in 36 months, 30 nmen24 months60.65), whereas slightly
lower internal reliability was in 12 months and 6émths questionnairesx¥0.60). In 18
months ASQ: SE questionnaires the internal religbitas even lowero=0.51).

Demographic and clinical data and pre-injury scregnvariables

According to diagnostic criteria presented abovig MBI was diagnosed in 27
children, moderate TBI in 4 children and severe B3 children. Main demographic and
clinical data of subjects is presented in Table 2.
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Age at _Main _ Glasgow The cause of
. } Mother's Father's diagnosis Coma Trauma the injury
Patient Sex thetime . - ; . !
of TBI education  education  according Scale severity  according to
to ICD score ICD

N1 male 29 Secondary  Secondary S06.0 15 mild w10
N2 male 29 Secondary  Secondary S00.8 15 mild W22
N3 male 28 Secondary  Secondary S06.0 15 mild W20
N4 female 30 Higher Higher S02.1 15 severe W02
N5 male 4 Secondary  Secondary S06.2 14 moderate W10
N6 female 16 Higher S06.0 15 mild W08
N7 female 55 Higher Higher S06.0 15 mild W10
N8 female 16 Higher Secondary S00.8 15 mild W06
N9 male 56 Secondary  Secondary S01.7 15 mild W10
N10 female 25 S06.0 15 mild W03
N11 male 5 Primary S00.8 15 mild W03
N12 male 38 Primary Secondary S02.0 15 moderate W20
N13 male 40 Primary S06.0 15 mild W01
N14 male 59 Higher Secondary S06.0 15 mild W03
N15 male 63 Higher Higher S02.0 15 severe W10
N16 male 49 Primary Primary S02.1 13 severe W17
N17 male 50 Secondary Primary S06.0 15 mild W09
N18 male 16 S00.0 15 mild W08
N19 female 4 Secondary  Secondary S06.0 15 mild W06
N20 female 30 Secondary Higher S06.0 15 mild W10
N21 male 17 Higher Higher S06.0 15 mild W03
N22 male 10 Higher Higher S06.0 15 mild W17
N23 female 11 Higher Higher S06.2 11 severe W10
N24 male 58 Secondary  Secondary S06.2 15 moderate W01
N25 female 48 Higher Secondary S06.0 15 mild W10
N26 male 12 Primary Secondary S06.3 13 severe W06
N27 female 65 Higher Secondary S06.0 15 mild W06
N28 female 13 Secondary  Secondary S06.0 15 mild W08
N29 female 64 Higher Secondary S06.0 15 mild W19.3
N30 male 50 Primary Secondary S02.0 15 moderate W10
N31 male 65 Higher Secondary S06.0 15 mild w10
N32 male 22 Secondary  Secondary S06.0 15 mild W03
N33 female 11 Secondary  Secondary S06.0 15 mild W02
N34 female 26 Higher Higher S00.0 15 mild W06
N35 male 24 Secondary Higher S02.7 14 severe W10
N36 male 32 Higher Secondary S06.0 15 mild W07
N37 male 58 Primary S02.0 15 moderate w10

These injuries resulted in the following diagnostsof the children (54.1%) in the

present sample were diagnosed as having a conny§f6.0), 4 children had fracture of the

convexity of skull (S02.0), 3 children had diffumeonal injury (S06.2), 3 had superficial
injury to the other part of the brain (S00.8), 2 lieacture of the base of the skull (S02.1) and

another two had superficial injury to the scalp.lfiyple open wounds of the head (S01.7),

multiple fracture involving skull and facial bong302.7) and focal brain injury (S06.3) were

all diagnosed in one child (see graph 1).
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Gaph 1. The main TBI diagnosis of subjects in the @gnestudy

The main causes for TBI in the present sample radfalls on and from stairs and
steps (W10). The second and third most common saxfsEBI in a present sample were falls
from the same level due to collision, or pushingabgpther person (W03) and falls from the
bed (W06), both types accounted for 13.5% of tlsesaThree children (8.1%) were injured
from falls involving other furniture (W08). Othealf from one level to another (W17), a fall
involving roller-skates (W02) and a fall at sameelefrom slipping, tripping and stumbling
each caused the injuries of two children (5.4%)other two children sustained TBI because
of being struck by thrown, projected or falling et (W20). Fall from the chair (W07), fall
involving playground equipment (W09), unspecifiatl bccurred at sports/athletic area

(W19.3) and strike against or struck by other ab{éf22) all caused the injury of one child.
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Graph 2. The causes of injury among subjectseptiesent study
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Study |

Pre-injury differences in social-emotional behavimatween TBI group and control group
children.

When all age groups were included to the analyrgad was seen between TBI group
and in control group, suggesting that children ffbBi group have more pre-ijury social and
emotional problems=1081.0, N1=74, N2=37, p=0.072). The following sd$’ scores
examination showed statistically significant difeces in two behavioral areas in favor of
control group. Mann-Whitney-test found that the scores in self-regulation saleswere
significantly higher in children from TBI group whe&ompared to children from control
group U=869, N1=74, N2=34, p=0.02), indicating more protsan self-regulation domains
among children in the TBI group. Statistically sfgrant difference between control group
and TBI group in autonomy domain was also s&&r6@3.5, N1=58, N2=29, p=0.049), again
suggesting more problematic behaviors in TBI grolidren. No statistically significant
differences or noteworthy trends between TBI anatrod groups children were found in

compliance, communication, adaptive functionindggetfand interaction subtests.

Pre-injury social-emotional behavior in childrentwiTBI in different age groups

To examine pre-injury social-emotional behaviodifierent age groups, children with
TBI were divided into 8 subgroups according to ASE: questionnaires age range. These
different age groups were compared separatelyag#) sex and parents’ education matched
controls using the Mann-Whitnéy-test for statistical data analysis (see Table 3).

In the 60 months age group;test detected that children from TBI group were
reported to have more problematic behaviors comgrRutonomy(J=36.0, N1=18, N2=9,
p=0.011). In other ASQ: SE sub-domains examinedgiguificant differences were revealed.

In the 48 months subgroup, no statistically sigaifit differences between TBI group
and control group were revealed in any examinedadiasn

36 months old subgroup there were too few childres) in TBI group, therefore
Mann-Whitney test could no be performed.

30-months old TBI group children’s overall socialeemotional behavior two weeks
before the injury was reported to be more probl@rban their age matched peeds=8.0,
N1=12, N2=6, p=0.008). Problems appeared espganfielf-regulation(=6.0, N1=12,
N2=6, p=0.004) and in communicatidd<16.5, N1=12, N2=6, p=0.029).
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The non-parametric Mann-Whitn&ltest did not reveal any significant differences

between TBI and control group children neitherwerall social-emotional behavior nor in

any subtests in 24 months old sub-group. The anblesitem which differed significantly

TBI and control groups children was ,Do you andyokild enjoys mealtimes together”

(U=6.0, N1=8, N2=4, p=0.047), suggesting more diffies in while eating in TBI group

children.

Table 3. Social and emotional behavior: a comparisgtween TBI and control group

4

Age in months ASQ: Sub domains Single item Mann-WhitneyU-test
U Z NI N2 p
60 Social-emotional behavior 54.0 -1.39 18 9 0.163
Self-regulation 56.6 -1.23 18 9 0.197
Compliance 59.5 -0.69 18 9 0.488
Adaptive functions 75.0 -0.35 18 9 0.727
Autonomy 36.0 -2.54 18 9 0.011
Careless when exploring new places 35.5 -2.65 18 9 0.008
Affect 62.0 -1.17 18 9 0.241
Interaction 55.0 -1.39 18 9 0.162
Takes turns and shares 54.0 -1.92 18 9 0.04
48 Social-emotional behavior 10.0 -1.02 8 4 0.305
Self-regulation 115 -0.819 8 4 0.413
Compliance 14.0 -0.82 8 4 0.480
Communication 16.0 0.00 8 4 1.000
Adaptive functions 11.0 -1.12 8 4 0.264
Stays dry during the day 8.0 -2.09 8 4 0.03]
Autonomy 16.0 0.00 8 4 1.000
Affect 12.5 -0.68 8 0.498
Interaction 10.5 -0.99 8 0.323
36* 4 2
30 Social-emotional behavior 25 -2.66 12 0.008
Self-regulation 6.0 -2.88 12 6 0.004
Has perseverative behaviors 12.0 -3.12 12 6 0.0
More active than peers 19.5 -3.12 12 6 0.09
Stays with activities 21.0 -1.95 12 6 0.051
Moves from one activity to next 21.0 -1.95 12 6 510
Compliance 36.0 0.00 12 6 1.000
Communication 16.5 -2.8 12 6 0.029
Adaptive functions 235 -1.29 12 6 0.196
Has eating problems 20.0 -2.06 12 6 0.00
Lets know/uses words when hungry, sick, tired 20.0 -2.06 12 6 0.004
Follows when pointed 24.0 -2.06 12 0.004
Autonomy 345 -0.15 12 6 0.881
Affect 36.0 0.00 12 6 1.000
Interaction 20.5 -1.50 12 6 0.134
Too friendly with strangers 15.0 -2.68 12 6 0.007
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24 Social emotional behavior 12.5 -0.60 8 4 0.549
Self-regulation 115 -0.83 8 4 0.405
Compliance 12.0 -1.14 8 4 0.157
Communication 14.0 -0.52 8 4 0.600
Adaptive function 14.5 -0.28 8 4 0.784
Autonomy 16.0 0.00 8 4 1.000
Affect 15.0 -0.18 8 4 0.858
Interaction 7.5 -1.48 8 4 0.140
Enjoys mealtimes together 6.0 -1.98 8 4 0.04y
18 Social-emotional behavior** 3.0 -2.26 8 4 0.024
Self-regulation 16.0 0.00 8 4 1.000
Compliance 10.0 -1.35 8 4 0.176
Communication 12.5 -0.71 8 4 0.475
Adaptive functions 13.0 -0.61 8 4 0.540
Autonomy 10.0 -1.35 8 4 0.176
Affect 10.0 -1.34 8 4 0.181
Interaction 11.5 -0.82 8 4 0.410
12 Social-emotional behavior 8.5 -2.04 10 5 0.041
Self-regulation 17.5 -0.94 10 5 0.371
Can calm down by himself 6.0 -2.54 10 5 0.011
Compliance***
Communication 15 -1.50 10 5 0.254
Listens; turns to look, smiles; looks 10 -2.07 10 5 0.008
Adaptive functions 18 -0.89 10 5 0.440
Affect 12.0 -2.06 10 5 0.040
Interaction 17.7 -1.00 10 5 0.316
Stiffen and arches back 15.0 -2.64 10 5 0.038
6 Social-emotional behavior 7.5 6 3 0.694
Self-regulation 8.0 0.79 6 3 0.788
Compliance***
Communication 7.5 -0.71 6 3 0.480
Adaptive functions 4.5 -1.39 6 3 0.165
Autonomy***
Affect 6.0 -1.07 6 3 0.285
Interaction 8.0 -0.35 6 3 0.724

*Because of a small number of children with TBBi& months old group (n=2), statistical analysis waisperformed for this age-group

**Children with TBI performed better than contraloyip children
***Not assessed in this age group

In 18 month old sub-group, thétest revealed a significant difference between the

TBI group and control group in overall social-emotl behavior=3.0, N1=8, N2=4,

p=0.024), but it is noteworthy that control groupldren were evaluated to perform worse

than children from TBI group. No other significahftferences or even trends in any of the

subtests or single item scores were revealed.

12 months old children’s social-emotional behawhin 2 weeks before the injury

was evaluated to be significantly worse than of mgéched controldf=8.5, N1=10, N2=5,
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p=0.041). More problematic behaviors were repoineaffect sub-domain=12.0, N1=10,
N2=5, p=0.04).

In the youngest age group, 6 months, the Mann-\Vithtest did not reveal any
significant differences between TBI and controlugran overall social-emotional behavior.
Subscales examination and single item examinatiene wf no help in discriminating these

two groups.

Pre-injury sex differences in social and emotionahavior

When boys and girls from TBI group were comparezbeding to their pre-injury
social and emotional behavior, it became evidesit bloys’ parents had reported significantly
more problems in their child’s self-regulatidd=596.0, N1=23, N2=14, p=0.042) and
compliance J=63.0, N1=21, N2=13, p=0.009) than girls’ pareimghe control group, no
such gender differences in any of domains werealede

When boys in the TBI group were compared to bogsfcontrol group, self-
regulation U=272.5, N1=46, N2=23, p=0.001) and autonotdyZ32.5, N1=38, N2=19,
p=0.029) appeared to be problematic areas for T®igboys. The trends suggest a
difference between TBI group and control groupverall social-emotional behavior
(U=395.0, N1=46, N2=23, p=0.088) and in compliaride436.5, N1=42, N2=21, p=0.086).
Girls in the TBI group and control group differedlyin adaptive functiond=112.0,
N1=28, N2=14, p=0.024) in respect to control grgufs who were reported to perform

better.

Pre-injury differences in social and emotional beloa according to parents’ education
TBI group children were regrouped according tep#s’ education and the grouping
criteria presented earlier. ASQ: SE total scoressarbtest scores were compared between

these 5 groups (see Table 5).

Table 4. Children with TBI grouped according to paseaducation

Parents’ education Sex Total
male female
Primary-primary (1) 4 - 4
Primary-secondary (2) 4 - 4
Secondary-secondary (3) 9 3 12
Secondary-higher (4) 2 5 7
Higher-higher (5) 3 5 8
Total 22 13 35*

* For two children in TBI group data concerninggats’ education was not available
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Noteworthy inter-group difference was revealeddapive functions sub-scale when
using Kruskal-Wallis one-way ANOVA test for staitstl analysis1=10.83, df=4, p=0.028).
As the Kruskal-Wallis test does not reveal howdhaups differ (Chan & Walmsley, 1997)
Mann-Whitney test was used for pairwise comparisbtest found that parents with higher
education reported more problems in their childiag@ive functions compared to parents who
both had secondary educatidw=(12.5, N1=12, N2=8 p=0.005). Relatively few probseim
their child’s adaptive functions were reported laygnts who belonged to the group 4 (one
parent had secondary education and one parenti¢iaer leducation) compared to parents
from group 5 (both had higher educatiod¥(6.0, N1=8, N2=7, p=0.053). Parents from
group 1 (primary education) were also keen on tappproblems in their child’s adaptive
functions (J=8.0, N1=11, N2=4, p=0.066), compared to parents kdionged to group 2

(one parent had primary education and another paesondary education).

Study I
In Study Il, 19 children with TBI were re-evaluateth the age appropriate ASQ: SE
guestionnaires.

Mean age at second evaluation was 38.84 monthsi(Bb2). There were 14 children
with mild TBI, 1 child with moderate TBI, and 4 tdien with severe TBI. 10 of these
children were diagnosed with concussion (S06.0),lhad suffered superficial injury of head
(S00.0), an other two had superficial injury toestpart of the brain (S00.08). Fracture of
base of skull (S=02.1) were diagnosed in two chitdivhile diffuse brain injury (S06.2),
fracture of convexity of the skull (S02.0), and trplé open wound of the head (S01.7) were
all diagnosed in one child in prospective studyugrdCT or MRI scan were performed during

hospitalization to examine the amount of brain dgena

Table 5. Clinical data of subjects in St@dy
Trauma severity Sex Total

male female

mild Imaging findings  no pathology 5 9 14

moderate Imaging findings  no pathology 1 - 1
bilateral occipital 2

severe Imaging findings _ frontal - 1 1

right parieto-occipital - 1 1

Total 8 11 19

CT and MRI showed no brain pathology in 15 childwédrereas two children had lesions in
bilateral occipital areas, one in right parietoipial areas and one in frontal areas.
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Post-injury social and emotional behavior — a comgan between TBI group and control
group

The second evaluation 9 months after the injurgaéd noteworthy trend between
TBI and control group in overall social-emotionahlavior =254, N1=38, N2=19, p=0.072)
and one subtest score differed substantially. Coetp@ controls, reevaluated TBI children
were reported to have more problems in interactitth other peoplely=210, N1=38,
N2=19, p=0.01). The trend towards problematic balrawas still seen in self-regulation
(U=254, N1= 38, N2=19, p=0.058) and in autonotdy353, N1=36, N2=18p=0.071).
Comparison between different age groups in Studyall not proper as sub-groups were to

small (n>4).

Sex related differences in social and emotionabl&ir 9 months post-injury

When TBI group boys and girls were compared widmktWhitneyU-test, it became
evident that on second evaluation boys with TBlensgain much worse in self-regulation
than girls U=15.5, N1=8, N2=11, p=0.018). When boys from thd g@®up were compared
to boys from control group 9 months after the ipjurBI group boys showed significantly
worse results in overall social emotional behafigr24, N1=16, N2=8, p=0.014), in self-
regulation U=29.5, N1=16, N2=8, p=0.034), in autononty=16.5, N1=14, N2=7, p=0.014)
and in interaction with other peoplg£11.0, N1=16, N2=8, p=0.001).
On second evaluation girls from the TBI group amts gorm control group did not differ

significantly in any of examined domains.

Differences in social and emotional development

Wilcoxon matched-pair test was used to assesddrage within groups. Within TBI
group, the Wilcoxon matched-pair test did not régggificant change in ASQ: SE overall
score or did any of the changes in sub-domainssaaached the significance level. The
trend suggesting more problematic behaviors aftex tvas seen in the interaction sub-
domain (WilcoxonN=19, z=-1.91 based on negative ranks, p=0.056).
In control group neither ASQ: SE overall score on@ of the subtest scores showed
significant change or even a noteworthy trend dfange after 9 months. When Wilcoxon
matched-pair test was computed separately to brpired boys and girls, significant changes
in some subtests were revealed. Among boys with ffglWilcoxon matched pair test found
a significant decline in test scores after 9 moimhtautonomy (Wilxoxon: z=-2.27 N=8,
p=0.027) and in interaction (Wilcoxon: z=-2.19, N$&0.028). Among brain injured girls
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group communication skills (Wilcoxon: z=-1.78, N510.074) and adaptive functions
(Wilcoxon: z=-1.78, N=11, p=0.074) showed declirentl.

To assess the change in ASQ: SE total score andstidgores between groups,
Mann-WhitneyU-test was performed on the score difference ofrstemd first evaluation.
Again, no significant results were detected whiduld suggest differential social-emotional
development of children with TBI, but trend in wernsiteraction =12, N1=38, N2= 19,
p=0.053) became evident in this comparison too. M\Mann-WhitneyU-test was performed
separately to boys and girls, the worst outcomer &imonths was again seen in boys with
TBI. Compared to age, sex and parents’ educatidohed controls, boys with TBI showed a
trend of decline in overall social-emotional belwaaver time (=38.5, N1=16, N2=8,
p=0.058) significant declines in autonony=18.0, N1=14, N2=7, p=0.02), and in interaction
with other peoplel=28.5, N1=16, N2=8, p=0.014). Overall social ancdganal
development in girls with TBI did not differ frorheir age, sex and parents’ education
matched peers. No statistically significant diffezes or even slight trends suggesting a worse
outcome for TBI group girls were seen.

Post-injury social and emotional behavior and trauseverity.

Spearmans’ non-parametrito correlation was used to assess the relation between
post-injury social and emotional behavior and traigaverity. Correlations were computed
between trauma severity and all 9 months postymi8Q: SE subtest and between trauma
severity and 9 months post-injury ASQ: SE totaksec8&trong statistically significant positive
correlation occurred only between trauma seventy afect sub-domain, indicating more

problems in affective behavior in more severelyiia@ children (rho=0.582, p=0.009).

DISCUSSION

The aim of the present study was to examine thénjuey social and emotional
behavior and changes in social-emotional behavier ejury in infants and preschoolers
with childhood TBI.

As hypothesized, children who sustained TBI inyeahildhood had exhibited
problematic social and emotional behaviors alrdagfgre the injury. These findings are
consistent with previous findings by Goldstrhom @mtfa (2005), which suggested that in
comparison to non-injured children, preschool-ag@ttiren with TBI have higher rates of

premorbid behavioral difficulties
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In a present study, children with TBI exhibited siamtially more problems in self-
regulation and autonomy already before the injuving reason to think that poorer
autonomy and self-regulation skills may be linkeduture TBI.

Self-regulation is thought to be the major predictbsocial competence (Campell,
1995; Olsoret al.,2005) and is characterized as multifaceted constinat is often viewed as
biologically based attribute and governed by thefrpntal cortex (Luria, 1973). Regulatory
deficits including poor inhibitory control, as wel$ deficits in planning and organization,
have been connected to lesions to the orbitomadiidorsolateral prefrontal cortex (Stuss,
1992). While the disruption in the structure anddtional organization of the prefrontal
cortex is common after TBI (Bigleat a.2001), Ganesalingaset al.(2006) who found
children with TBI performing relatively poorer ielé-regulation, argued that worse outcome
in children with TBI in self-regulation may be dteebrain damage associated with TBI in
areas mentioned above. Our findings suggest teairiderlying deficit in self-regulation is
already present before the injury and thereforeingathese children much more vulnerable
to accidental injuries.

According to our findings, children with TBI showepinjury deficit not only in self-
regulation, but also in autonomy. It is well knotinat children, who have difficulties in
keeping away from danger and who are consideréeé too independent are in higher risk of
participating in accidents.

Our findings suggest that there are different @asggns for TBI in different age
groups. For example 60 months old children from @&lup were reported to have more
problems in autonomy sub-domain than their matcoedrols: they were notably more
careless, when exploring new places. Lower alifitgerceive danger is well connected with
accidental injuries and hereby supports the argtipr@sented above.

While discussing the differences in pre-injury sb@nd emotional behavior in
different age group however, one cannot forgetnmadt of the age groups consisted of only
relatively few children and therefore the genegdlans to entire population are not
appropriate and these results describe mainlyriésept sample. Same notion has to be kept
in mind, while interpreting the results about pmg#y social and emotional behavior between
TBI group children with different parental educatidn a present sample only differences in
adaptive functions between TBI children groupedatiag to parents’ education came
evident. It is surprising in some extent, that man@blematic adaptive functions were
reported by higher educated parents. One explanegiof course, is that TBI group children

with higher educated parents have more probleragaptive functions and children with
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parents who have secondary education do betteon8exxplanation could be that higher
educated parents may have higher expectationgitocthild’s adaptive skills.

Many studies report that boys are more prone ti@sahildhood accidental injuries
than girls (Langloi®t al.,2006), but there is not much research focusingesder
differences and gender related effects on emotiandlsocial behavior pre- and post-injury.
Our finding, that boys from TBI group show more-pigiry self-regulation problems than
girls from TBI group, is relatively novel. In fimér extent, while the TBI group boys differ
from non-injured peers in worse self-regulation aathpliance, the girls from TBI group
showed slightly more problems in adaptive functithran their uninjured peers. This finding
suggests that the alarming behaviors placing a ahiid risk group for childhood TBI may be
somewhat different for boys and girls.

These gender differences in pre-injury social andtenal behavior are especially
important for parents and preschool teachers, Isatimportant for larger communities. As
reported previously by Ventset al.,(2008) the incidence rate for traumatic brain iigsir
among infants and toddlers is especially high &edetis an urgent need for governmental
prevention program to reduce TBI in children indesd. The need to create teaching
programs for parents and other adults working wfitidren to make them more aware of
risks of injuries is enormous. Knowledge about ggrgpecific social and emotional risky
behaviors for TBI, can give adults who deal withidten on daily basis specific observable
information and therefore gives them the opportesito obviate possible injuries.

A prospective study revealed that 9 months afferynchildren with TBI had more
problems in interaction with other people. Inapprate social responses to peers, parents and
adults were seen in greater distinct in injureddcan. These finding are in line with the
findings of Dennis Guger, Roncadin, Barnes, & Sbbtarg2001), who studied the affective
communication in children with TBI and found thaildren with TBI performed especially
poorly in understanding statements involving iragricicism or emphatic praise. Maet al.
(2006) reported more tactless comments, inappriepsizaring of a personal information,
aggressive behavior and overall affective liabiiitynjured children. As the difficulties in
self-regulation and autonomy were still notable @iths after the injury, the interplay of
poorer self-regulation, autonomy and interactiothvieers and other people will put the
children with TBI in a much worse situation in diag and obtaining effective and rewarding
social relationships.

In our study, boys and girls showed somewhat diffeproblems in social and

emotional behavior 9 months post-injuBoys with TBI showed significant decline in
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autonomy (p=0.027) and in interaction over timeQy02),while girls showed declines in
adaptive functions (p=0.074) and communicationski).074). Among control group
children no such gender differences or any dechvere present. Adaptive dysfunction
although relative unexplored in the research litggg remains among the most common
complaints identified by children and their famslipost-injury (Andersost al.,2006;
Andersoret al.,2001). Andersomet al.(2006)have further suggested that during the 30-
months after injury, adaptive skills show cons@etline in children with more severe TBI.
Anderson (2006) in his study however did not bardar sex differences.

In our study we found strong associations betwesimia severity and affect sub-
domain in nine months post injury. More severejyried children were having more
problems in affective behavior. This finding givfesther proof to the assumptions, that
regulation of affective states may be significamipaired in children with moderate and
severe brain trauma (Maet al.,2006).

It has been argued (Perna, 2002) that emotionabahadvioral problems become more
apparent with the onset of adolescence. In adates¢énteraction becomes more complex
through psychosocial development, marked by greetesonal and social awareness, and the
need for independence. The importance to undergtanid criticism and underlying
meanings is increasingly important in adolescentaraction (Turkstra, McDonald, &
Depompei, 2001). Therefore children with early @dhdod TBI may experience social and
emotional difficulties much later in life.

According to our findings, children with TBI shovgsificantly more pre-injury
problems in social and emotional behavior and tlg§eulties, particularly inboys with TBI
showed decline in overall social-emotional behagiod in autonomy and interaction with
other people.

Evaluation of the injured child’s pre-injury beharvimay help to identify those
children needing special assistance and intervemti@ady in an acute phase of TBI. Social
and emotional development of all children with TBuUist be followed carefully at least till the
adolescence age. Parents’ of children with TBI nhesprovided constant feedback and
newest information about the danger signs for rsereus emotional and behavioral
problems. The gender differences in pre- and pgaty social and emotional behavior must
certainly be addressed while educating parentenPahave to be encouraged to seek
professional help and intervention in an early staigthe emerging problems.
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The screening instrument ASQ: SE used in presadysteems to be suitable method
for helping to identify problems in social-emotibbahavior and social-emotional
development in young children with TBI.

Limitations and further directions

The current study was characterized by several edetbgical limitations.
One important limitation of our study is the fatat in the prospective evaluation of social
and emotional behavior and social and emotionatldgwment, data about substantial number
of children with TBI was unavailable. Data in dalow-up study could be biased, and the
findings may not generalize to the entire poputabbchildren with TBI. It is possible, that
because of the high number of drop-outs, some itapbassociations were not revealed.

Because of too few children in a prospective studye not able to study the
associations between lesion site and initial sesmabtional outcome and between lesions site
and socio-emotional development. Brain injury isrendiffuse process and there are
relatively few children with focal injuries, theoee distinguishing between lesion sites and
specific social and emotional outcome after TBlaérma one of our next goals as we continue
childhood brain injury research in Estonia.
Because of small sample size in a prospective siiedgtiso could not evaluate the effect
parental education may have on post-injury socidl@motional behavior. Ganesalingam
al. (2006) have reported parental, especially mothesiigcation, to be one of the most
important factors which affects child’s initial sodehavioral outcome after TBI. Other
researchers have argued that many important psgciab$actors (e.g. parents’ marital
problems, mental disturbance, higher life stressef family resources, poorer family
functioning) increase frequency of child’s emotibaad behavioral problems following
childhood TBI (Taylor, Yeates, Wade, Drotar, Stanc& Minchin, 2002; Yatest al.,2004).
Best outcomes are reported among children who dmnefamilies with better socio-
economical status, less family stress, high leskfamily cohesion and low levels of parental
control. Therefore in our continuing research wk aso try to take these measures into

consideration.
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CONCLUSIONS

This study assessed pre- and post-injury socikamotional behavior in infants and

toddlers with childhood TBI.
The results were in line with previous studies whsaggest that childhood TBI affects not
only children’s cognitive abilities, but social aachotional functioning as well. The social-
emotional function most affected of TBI was intéi@c with other people, but children with
TBI showed post-injury decline yet in self-regutettiand autonomy.

For boys significant decline was evident in selfulation and interaction with other
people and for girls TBI had affected most theskldn’s adaptive skills and communication
skills. Children with more severe TBI exhibited radlifficulties in affective states.

We also found that children with TBI exhibited ragaroblematic social-emotional
behavior already before the injury. Pre-injury idifilties were evident in self-regulation and
autonomy.

As hypothesized, girls had fewer problems in pjafly social and emotional
behaviors than boys. When compared to group ofjurad children, pre-injury self-
regulation and compliance problems were espeanmaltsible for TBI group boys while TBI
group girls had more difficulties with adaptive @lilons. The finding that poorer self-
regulation and compliance among boys and worsetiagdpnctions among girls are well
connected to future TBI emphasizes the importafieady detection of specific social and
emotional problems. Screening instrument usedpresent study is one of the possibilities of

early low cost and effective detection of thesecsjpeproblems.



Social-emotional behavior and childhood TBI 35

ACKNOWLEDGEMENTS

| am grateful to all the children and parents whdipipated in this study and to the doctors
and nurses who work in Tartu University Hospit&ildren’s Clinic in Department of
Neurology and contributed to completion of the gtudam very grateful to my supervisor
Anneli Kolk for her comments, encouragement andcatinuous belief in me. | would also
like to thank my family and friends and everyboado helped with present thesis, especial

gratitude to Gerli Ventsel and Juri Reimand forgasience and support.



Social-emotional behavior and childhood TBI 36

REFERENCES

Alexander, M. P. (1995). Mild traumatic brain injupathophysiology, natural history, and
clinical managementeurology, 45 (7), 1253-1260.

Anderson, S. W., Bechara, A., Damasio, H., TraDel& Damasio, A. R. (1999).Impairment
of social and moral behavior related to early dgena human prefrontal cortex.
Nature Neuroscience, 2(11), 1032-7.

Anderson, V. A., Catroppa, C., Rosenfeld, J., [dariF., & Morse, S.A. (2000). Recovery of
memory functions following traumatic brain injurry pre-school childrerBrain
Injury, 12(8), 679-692.

Anderson, V. A., Morse, S. A., Catroppa, C., Harjtb., & Rosenfeld, J. V. (2004). Thirty
months outcome from early childhood head injurgr@spective analysis of
neurobehavioral recoverBrain, 127, 2608-2620.

Anderson, V., Catroppa, C. Morse., S., HaritougRosenfeld. J. V. (2005). Functional
plasticity or vulnerability after early brain imy Pediatrics, 116, 1374-1382.

Anderson, V. A., Catroppa, C., Dudgeon, P., Mo&éA., Haritou, F., & Rosenfeld, J. V.
(2006). Understanding predictors of functionaloreary and outcome 30 months
following early childhood head injuriNeuropsychology, 20(1), 42-57.

Annegers, J. F. (1983). The epidemiology of headnra in children. In: K. Shapiro, Eds
Pediatric head traumé&iutura, New York, 1-10.

Arciniegas, D., Adler, L., Topkoff, J., Cawthra, Eilley, C. M., & Reite, M. (1999).
Attention and memory dysfunction after traumatiaibinjury: cholinergic
mechanisms, sensory gating, and hypothesis fardumvestigationBrain Injury,
13(1), 1-13.

Arnarsson, E,O., & Haldorsson, J.G. (1995). Headrtra among children in Reykjavikcta
Paediatrica, 84, 96-99.

Barlow, K. M., & Minnis, R. A. (2000). Annual incahce of shaken baby syndrome in young
children,Lancet, 356, 1571-1572.

Bawden, H. N., Knights, R. M., & Winogron, H. W.9@5). Speeded performance following
head injury in childrenJournal of Clinical Experimental Neuropsychology38-54.

Bigler, E. D. (2001). The lesion(s) in traumati@ibrinjury: Implications for clinical
neuropsychologyArchives of Clinical Neuropsychology6, 95-131.



Social-emotional behavior and childhood TBI 37

Bijur, P. E., & Haslum, M. (1995). Cognitive, belaral, and motor sequelae of mild head
injury in a national birth cohort. In: Broman, ., Michel, M. E., editors. Traumatic
head injury in childrenOxford. Oxford University Press, 147-164

Bittigau, P., Sifringer, M., & Pohl, D. (1999) Aptmtic neurodegeneration following trauma
is markedly enchanced in immature bra@nnual Neurology, 45, 724-735.

Bridge, P. D., & Sawilowsky, S. S. (1999.) Incregsphysicians' awareness of the impact of
statistics on research outcomes: comparative pofiéie t-test and and Wilcoxon
Rank-Sum test in small samples applied resedmairnal of Clinical Epidemiology,
52, 229235

Bruns, J. J., & Hauser, W. A. (2003). The epideogglof traumatic brain injuryEpilepsia,
44(10), 2-10.

Campbell, S . (1995). Behavior problems in prestbbidren: a review of recent research.
Journal of Child Psychology and Psychiatry, 36@1)3-49.

Casey, B. J., Giedd, J. N., & Thomas, K. M. (20@juctural and functional brain
development and its relation to cognitive develeptrBiological Psychology, 54,
241-257.

Cassidy, J. D., Carroll, L. J., Peloso, P. M., Bargvon Holst, H., Holm, L., Kraus, J., &
Coronado, V. G., WHO Collaborating Centre Taskceayn Mild Traumatic Brain
Injury (2004).Journal of Rehabilitation Medicine, 43, 28-60.

Catroppa, C., & Anderson, V. (1999). Attentionaillskn the acute phase following pediatric
traumatic brain injuryChild Neuropsychology, 5, 251-264.

Catroppa, C., & Anderson, V. (2004). Recovery aratlictors of language skills two years
following pediatric traumatic brain injurfgrain and Language, 88(1), 68-78.

Catroppa, C., & Anderson, V. (2005). A prospecsugdy of the recovery of attention from
acute to 2 years following pediatric traumaticibiajury. Journal of International
Neuropsychological Society, 11(1), 84-98.

Chadwick, O., Rutter, M., Brown, G., Shaffer, D.c&M. (1981). A prospective study of
children with head injuries: Il Cognitive sequelBsychological Medicine, 11, 49-61.

Chan, Y., & Walmsley, R P. (1997). Learning andenstanding the Kruskal-Wallis one-way
analysis-of-variance-by-ranks test for differenae®ng three or more independent
groupsPhysical Therapy, 77, 1755-1762.

Cheah, I. G., Kasim, M. S., Shafie, H. M., & Khd@o,H. (1994). The intracranial
haemorrhage and child abusennual Tropical Pediatrics, 14, 325-328.



Social-emotional behavior and childhood TBI 38

Cummings. J. L. (1993). Frontal-subcortical cirsiahd human behavioArchives of
Neurology, 50(8), 770-883.

Dennis, M., Barnes, M. A., Donnelly, R. E., Wilksdv., & Humphreys, R. P. (1996).
Appraising and managing knowledge: metacognitikissafter childhood head
injury. Journal of Developmental Neuropsychologym 12, 73-10

Dennis, M., & Barnes, M. A. (2000), Speech actsraftild or severe childhood brain injury.
Aphasiology, 14, 391-405.

Dennis, M., Guger, S., Roncadin, C., Barnes, MSchachter, R. (2001). Attentiona-
inhibitory control and social-behavioral regulatiafter childhood-closed head injury.:
Do biological developmental and recovery varialpiesdict outcome3ournal of
International Neuropsychological Society, 7, 6826

Dikranian, K., Cohen, R., Mac Donald, C., Pan,Bfakefield, D., Bayly, P., & Parsadanian,
A. (2008).Experimental Neurology, 21 (In press).

Donders, J., & Warschausky. S. (2007). Neurobemalvautcome after early versus late
childhood traumatic brain injurgournal of Head Trauma Rehabilitation, 22(5), 296-
302.

Ewing-Cobbs, L., Miner, M. E., Fletcher, J. M., &\in, H. S. (1989). Intellectual, motor,
and language sequelae following closed head injunyfants and preschoolers.
Journal of Pediatric Psychology, 14(4), 531-547.

Fenwick, T., & Anderson, V. (1999). Impairment atfeation following childhood traumatic
brain injury.Child Neuropsychology, 5, 213-223.

Fletcher, J. M., Levin, H. S., Lachar, D., Kusnetik Harward, H., Mendelsohn, D., & Lilly,
M. A. (1996). Behavioral outcomes after pediattmsed head injury: relationships
with age, severity, and lesion sideurnal of Child Neurology, 11(4), 283-290.

Gaetz, M. (2004). The neurophysiology of brain imgjiClinical Neurophysiology, 115, 4-18.

Ganesalingam, K., Sanson, A., Anderson, V., & Ygde O. (2006). Self-regulation and
social and behavioral functioning following chitelid traumatic brain injurydournal
of Internationa Neuropsychological Society, 129-621.

Ganesalingam, K., Sanson, A., Anderson, V., & Ygdke O. (2007). Self-regulation as a
mediator of the effects of childhood traumaticibiajury on social and behavioral
functioning.Journal of International Neuropsychological Socjeitg, 298-311.

Ganesalingam, K., Yeates, O. K., Ginn, M. S., Tgytb G., Dietrich, A., Nuss, K., &
Wright, M. (2008). Family burden and parental idiss following mild traumatic brain



Social-emotional behavior and childhood TBI 39

injury in children and its relationship to postacoissive symptomsournal of
Pediatric Psychology, 28, (in press).

Gannarelli, T. A., & Graham, D. I. (1998). Neurdpalbgy of head injuriesSeminaris in
Clinical Neuropsychiatry, 3(3), 160-175.
Ghajar. J. (2000). Traumatic brain injubyancet, 9, 356, 923-929.

Gentry, L. R., Thompson, B., & Godersky, J. C. @R8rauma to corpus callosum: MR
featuresAmerical Journal of Neuroradiology, 9(6), 1129-1138

Gil, A. M. (2003). Neurocognitive outcomes followjipediatric brain injury: A
developmental approachournal of School Psychology, 41, 337-353.

Goldstrohm, S. L., & Arffa, S. (2005). Preschoolldfen with mild to moderate traumatic
brain injury: An exploration of immediate and pastute-morbidityArchives of
Clinical Neuropsychology, 20, 675-695.

Helfaer, M. A. & Wilson, M. D. (1993). Head injuig children.Current Opinions in
Peadiatrics, 5(3), 303-309.

Harwood-Nash, D. C., Hendrick, E. B., & Hudson,RA.(1971). The significance of skull
fracture in children. A study of 1187 patierfgadioogy, 101(1), 151-156

Hawley, C. A., Ward, A. B., Magnay, A. R., & Lond}, (2003) Brain Injury, 17(1), 1- 23.

Engeberg, A. (1995). Severe traumatic brain ingpidemiology, external causes, prevention
and rehabilitation of mental and physical sequedaéa Neurologica Scandinavia, 92,
164.

Engeberg, A., Teasdale, T. W., (1998). Traumatiirbinjury in children in Demnark a
national 15-year studfeuropean Journal of Epidemiology, 14, 165-173.

Janusz, J. A., Kirkwood, M. W., Yeates, K. O., &la, H. G. (2002). Social Problem-
Solving Skills in Children with Traumatic Brainjimy: Long-Term Outcome and
Prediction of Social Competendghild Neuropsychology, 8,(3), 179-194(16).

Kennedy, C.,& Moffat, M. (2002). Acute traumaticabr injury in children: Exploring the
cutting edge in understanding therapy, and reke@imical Pediatric Emergency
Medicine, 5(4), 224-238

Kochaneck, P. M. (2006). Pediatric traumatic brajary: quo vadisDevelopmental
Neuroscience, 28, 244-255.

Kolb, B., & Tomie, J. A. (1988). Recovery from gadortical damage in rats. IV. Effects of
hemidecortication at 1, 5 or 10 days of age orluad anatomy and behavior.
Behavioral brain Research, 28(3), 259-274.



Social-emotional behavior and childhood TBI 40

Kraus, J. F., Peek-Asa, C., & McArthur, D. (200Dhe independent effect of gender on
outcome following traumatic brain injury: a prelimary investigationNeurosurgical
Focus, 15, 8.

Lang, E. W., & Chesnut, R. M. (1994). Intracrampaéssure. Monitoring and management.
Nuerosugery Clinics North-America, 4, 573-605.

Langlois, J. A., Rutland-Brown, W., Wald, & M. M2@06). The epidemiology and impact of
traumatic brain injury: a brief overviedournal of Head Trauma Rehabilitation,
21(5), 375-378.

Levin, H. S., High, W., Ewing-Cobbs, L., Fletchér M., Eisenberg, H. M., & Miner, M.
(1988). Memory function during the first year aftdosed head injury in children and
adolescents\Neurosurgery, 22, 17-34.

Levin, H. S. (1992). Neurobehavioral recovelyurnal of Neurotrauma, 9(1), 359-
373.

Levin, H. S., Scheibel, J., Fletcher, J., Harwatd,& Lily, M. (1997). Concept formation and
problem solving following closed head injury inildinen. Journal of International
Neuropsychological Society, 3, 598-607.

Levin, H. S., Benavidez, D. A., Verger-Maetsre, Rerachio, J., Mendelsohn, D. B., &
Fletcher, J. M. (2000). Reduction of corpus calloggrowth after severe traumatic
brain injury in childrenNeurology, 8, 54, 647-653.

Levin, S. H., & Hanten, G. (2005). Executive fucisoafter traumatic brain injury in children.
Pediatric Neurology, 33, 2, 79-93.

Levenson, C. A. (1994). Human emotions: a funclierew. New York, Oxford University
Press.

Luria, A. R. (1973). The Working Brain. Basic Books

Mendelow, A. D., Teasdale, G. M., & Jennett, B.9QP Avoidable factors contributing to
death of children with head injurMJ, 13(300), 87-91.

Max, J. E., Levin, H. S., Schachar, R. J., LandlisSaunders, A. E., Ewing-Cobbs, L.,
Champman, S. B., & Dennis, M. (2006). Predictdrgersonality change due to
traumatic brain injury in children and adolescesitsto twenty-four months after
injury. Joural of Neuropsychiatry and Clinical Neurosciesc&8(1), 21-32.

Marin-Padilla, M., Parisi, J. E., Armstrong, D. Bargent, S. K., & Kaplan, J. A. (2000).
Shaken infant syndrome: developmental neuropaglyolarogressive cortical
dysplasia, and epilepsicta Neuropathologica, 103(4), 321-332.



Social-emotional behavior and childhood TBI 41

Mazzola, C. A., & Adelson, P. D. (2002). Criticare management of head trauma in
children.Critical Care Medicine, 30, 393-401.

McClain, P. W., Sachs, J. J., Ewingman, B. G., Bn8t M., Mercy, J. A., & Sniezek, J. E.
(1994). Geographic patterns of fatal child abuseeglect in children younger than 5
years old, United States, 1979 to 1988 hives of Pediatrics and Adolescent
Medicine, 148, 82-86.

McKinelay, A., Dalrymple-Alford, J. C., Horwood, L., & Fergusson, D. M. (2002). Long
term psychosocial outcomes after mild head injargarly childhoodJournal of
Neurology, Neurosurgery, and Psychiatry, 73(3)1-288.

Mesman, J. Bongers, I. L., & Koot, H. M. (2001)e8chool developmental pathways to
preadolescenct internalizing and externalizingpfgms.Journal of Child Psychology
and Psychiatry and Allied Disciplines, 42(5), 6689.

Mega, M, S., Cummings, J. |., Salloway, S., MallBy(1997). The limbic system: An
anatomic, phylogenetic, and linical perspectdaurnal of Neuropsychiatry and
Clinical Neuroscience, 9, 315-330.

Ministry of Social Affairs. International StatiséitClassification of Diseases and related
health problems, Tenth Revision, Tallinn, MinistfySocial Affairs, 1995

Perna, R. B. (2002). Does age really matBxdin injury Source, 6, 32-34

Phillips, J. M., Drevets, W, C., Rauch, S. L., &leaR. (2003). Neurobiology of emotion
perception I: The neural basis of normal emotimteption Biological Psychiatry,
54, 504-514.

Prior. M., Bavin, E. L., Cini, E. Reilly, S. Brethien, L. Wake, M., & Eadie, P. (2008).
Influences on communicative development at 24 ot age: Child temperament,
behaviour problems, and maternal factorfant Behavior and Development, 31(2),
270-279.

Reilly, O. L., Simpson, D. A., Sprod, R., & Thomas(1988). Assessing the conscious level
in infants and young children: a paediatric varssd the Glasgow Coma Scafehilds
Nervous System, 4(1), 30-33.

Rosman, N. P., Herkowitz, J., Carter, A. P., & Of@or, J. F. (1979). Acute head trauma in
infancy and childhood: clinical and radiologicapactsPediatric Clinics of North
America, 26, 707-736.

Schwartz, L., Taylor, G., Drotar, D., Yeates, K, Wade, S., & Stancin, T. (2003). Long-
term behavior problems following pediatric traumditrain injury: prevalence,

predictors, correlatedournal of Pediatric Psychology, 28, 4, 251-263.



Social-emotional behavior and childhood TBI 42

Schneier, A. J., Shields, B. J., Hostetler, SX&@ang, H., & Smith, G. A. (2006). Incidence of
pediatric traumatic brain injury and associategfdital resource utilization in United
StatesPediatrics, 2006, 118(2), 483-492.

Serra-Grabulosa, J. M., Junqué, C., Verger, Kg&#d-Pineda, P., Maneru, C., & Mercader,
. M. (2005). Cerebral correlates of declarativemogy dysfunctions in early traumatic
brain injury.Journal of Neurology, Neurosurgery and Psychiafify(1), 129-131.

Squires, J. K., Bricker, D. D., Heob, K., & TwompB. (2001). Identification of social-
emotional problems in young children using a paoempleted screening measure.
Early Childhood Research Quarterly, 16, (4), 40841

Squires, J. K., Bricker, D. D., & Twombly, E. (2003he ASQ: SE User’s Gide, Brookes
Publishing, Baltore.

Stuss, D. T. (1992). Biological and psychologicavelopment of executive functiordrain
and Cognition, 20(1), 8-23.

Stalhammer,D. (1990). The mechanism of brain iegurin Handbook of clinical neurology,
vol 57, Amsterdam, Elsevier.

Sullivan, P. G., Rabchevsky, A. G., Hicks, R. Rihgen, T. R., Fletcher-Turner, A. & Scheff,

S.W. (2000). Dose-response curve and optimal dosigignen of cyclosporin A after

traumatic brain injury in ratdNeuroscience, 101(2), 289-295.

Sullivan, J. (2000). Positioning of patients widvere traumatic brain injury: research-based
practice Journal of Neuroscience, 3, 321-327.

Talvik, 1., Metsvaht, T., Leito, K., Péder, H., Kip®., Véli, M., Lintrop, M., Kolk, A., &
Talvik, T. (2006). Inflicted traumatic brain inpITBI) or shaken baby syndrome
(SBS) in EstoniaActa Paediatrica, 95(7), 799-804.

Taylor, H. G., Yeates, K, O., Wade, S, L., Drofar, Stancin, T., & Minchin, N. A. (2002). A
prospective study of short-and-long-term outcoafesr traumatic brain injury in
children: Behavior and AchivemeiNeuropsychology, 16, 15-27

Teasdale, G., & Jennet, B. (1974). Assessmentafrapaired consciousness: A practical
scale.Lancet, 2, 81-84.

Thurman D, Guerrero J. (1999).Trends in hospitabraassociated with traumatic brain
injury. Journal of American Medical Association, 8, 282(M5H4-957.

Tooby, J., & Cosmides, L. (1990). On the univetgalf human nature and the uniqueness of
the individuals: the role of genetics and adaptimurnal of Personality, 58, 17-67.



Social-emotional behavior and childhood TBI 43

Turkstra, L. S., McDonald, S., & Depompei, R. (2Dp@Mata for normally developing
adolescents and preliminary data from their peis traumatic brain injuryJournal
of Head Trauma Rehabilitation, 16, 469-483.

Tonks, J., Williams, W. H., Frampton, I., Yates, Blater, A. (2007). Reading emotions after
child brain injury: A comparison between childmith brain injury and non-injured
controls.Brain Injury, 21(7), 731-739.

Trauner, D. A., Ballantyne, A., Chase, C., & TalRl (1993). Comprehension and expression
of affect in language-impaired childrelnurnal of Psycholinguistics Research, 22(4),
445-452.

Ventsel, G., Kolk, A., Talvik, 1., Vali, M., & Vaikaa, M. (2008). The Incidence of
Childhood Traumatic Brain Injury in Tartu and Tta@ounty Estonia.
Neuroepidemiology, 30, 20-24

Vickers, A. J. (2005). Parametric versus non-patemstatistics in the analysis of
randomized trials with non-normally distributedal®MC Medical Research
Methodology, 5(35), 1-12.

Villablanca. J. R., & Hovda, D. A. (1999). Develoental neuroplasticity in a model of
cerebral hemispherectomy and strdkeuroscience, 95(3), 625-637.

Williams, D., & Mateer, C. A. (1992). Developmentapact of fronatal lobe injury in
Middle ChildhoodBrain and Cognition, 20, 196-204.

Vitaz, T. W., Jenks, J., Rague, G. H., & ShieldsBG2003). Outcome following moderate
traumatic brain injurySurgical Neurology, 60(4), 285-291.

Yang,W., Lee, W., Butterworth, T., Griffith, M., HanseA,C., Preston, K., Ritch, L., &
Rivers, A. (2007). Report on Traumatic Brain Iiyj¢fBI) and Spinal Cord Injury
(SCI) in NevadaJoint Publication of University of Nevada Reno &wel/ada State
Department of Health and Human Servic&eno, Nevada.

Yeates, K. O. (2000) Closed-head injury. Pediatearopsychology: Research, theory and
practice. New York, Guilford Press.

Yeates, K. O., Swift, E., Taylor, G., Wade, S.rptar, D., Stancin, T., & Minich, N.

(2004). Short- and long-term social outcomes foidppediatric tarumatic brain injury.

Journal of International Neuropsychological Socjeit9, 412-426.



