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Abstract

It has been argued that young children’s brains are “plastic,” and may sustain substantial brain insult with little loss
of function. Recent research suggests that this notion may not apply for generalized cerebral pathology. The present
study aimed to evaluate this proposition using a sample of 73 young children, divided into 3 greup®s head

injury (HI; N = 17); mild—-moderate H(N = 32); and noninjured controldN(= 24). Preinjury screening

established equivalence across groups for age, sex, preinjury ability, behavioral adjustment, socioeconomic status,
and family functioning. Children were evaluated as soon as possible postinjury, and again 12 months postinjury, in
three domains: intellectual ability, language, and memory. Results indicated that severe HIl was associated with
substantial, persisting difficulties in all areas. In contrast, children with mild—-moderate HI experienced fewer
difficulties, and often performed similarly to controls, both acutely and 12 months postinjury. There was no
evidence of differential recovery of function associated with injury severity, with performance increments consistent
across groups and probably due to either age-appropriate developmental gains, or test—related practice effects.
Poorer outcome at 12 months postinjury was predicted by injury severity primarily, with earlier age at injury, and
premorbid ability associated with outcome in specific domaidNg 1997,3, 568—-580.)
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INTRODUCTION 1994; Anderson et al., 1994; Anderson & Moore, 1995; Den-

) S ) _ nis et al., 1995). These studies describe persisting neurobe-
Acquired brain injury in children is one of the most fre- hayioral deficits, providing evidence that the young child’s
quent causes of interruption to the normal course of devely ain may be particularly vulnerable to early trauma. Fur-
opment. It is estimated that as many as 250 per 100,00fher, some researchers have argued that these deficits are
children will experience a head injury (HI) in any 1 year not static. Declines in abilities have been reported in some
(Kraus, 1995). While much is now known about outcomegroups (Anderson et al., 1995b; Anderson & Moore, 1995;
following adult HI, the nature of deficits, process of recov- pennis et al., 1996), while others argue that children may
ery, and prognostic indices remain unclear for young chilmgrOW into” their deficits, with new impairments emerging
dren. In the past it has been argued that young children’gg expected developmental gains are not achieved (Goldman-
brains are “plastic,” and may sustain substantial brain insulRakic et al., 1983: Anderson, 1988: Banich et al., 1990: Den-
with little or no observable loss of function (Lenneberg, pis et al., 1995).

1967; Smith, 1983). Recent research, investigating child- Neuropsychological studies investigating sequelae of Hl
hood HlI, as well as other generalized cerebral trauma, sugp, school-aged children document deficits in memory and
gests that the notion of plasticity may not apply wherejearning (Levin et al., 1988; Yeates et al., 1995), attention
cerebral pathology is widespread (Ewing-Cobbs et al., 1987(vMurray et al., 1992: Kaufman et al., 1993: Dennis et al.,
1995; Anderson & Pentland, in press), psychomotor skills
Reprint requests to: Vicki Anderson, Department of Psychology, (Bawdenetal., 1985), language (Ewirjg-Cobb§ etal., 198.9;
University of Melbourné, Parkville, Vict()’ria 3052, Australia. E-mail: ‘Jordan & Murdoch, 1994)' and executive functions (Denms
v.anderson@psych.unimelb.edu.au. et al., 1996; Todd et al., 1996).
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Only a handful of studies have addressed the impact of HL990; Michaud et al., 1992; Jaffe et al., 1993; Dennis et al.,
invery young children. Early work, employing cross-sectional1995).
designs and summary outcome measures, detected no rela-Preinjury abilities and environmental factors, such as so-
tionship between age at injury and neurobehavioral outcomeioeconomic status (SES) and family functioning, may also
(Klonoff et al., 1977; Chadwick et al., 1981; Dennis, 1985;contribute to risk of injury and long-term outcome (Rivara
Tompkins etal., 1990). More recent, longitudinal research hast al., 1993, 1994; Taylor et al., 1995). Several studies have
reported that, while children sustaining early injuries mayindicated that low levels of maternal education and lower
presentwith similar patterns ofimpairment, they have pooreSES may be associated with increased risk of accident (Bi-
outcomes than do children sustaining their injuries later inur et al., 1988; Larson & Pless, 1988; Coster et al., 1994).
childhood (Lange-Cosack et al., 1979; Ewing-Cobbs et al. Some studies go so far as to suggest that postinjury psycho-
1989; Kriel et al., 1989; Anderson & Moore, 1995; Wright- social problems reflect premorbid family dysfunction, rather
sonetal., 1995). Further, Thompson and colleagues (Thomghan injury-related factors (Casey et al., 1986). Two recent
son et al., 1994) report that younger children with severestudies query such statements, presenting findings that sug-
injuries showed slower development of motor and visuospagest that premorbid psychosocial disturbances are no more
tial skills than older children or younger children with mild common in HI children than in the general population
head injuries. (Donders, 1992; Prior et al., 1994). Donders (1992) com-

Various factors may account for the vulnerability of the pared injuries defined as high risk (e.g., falls, pedestrian ac-
young child to significant and persistent neurobehavioral defeidents, where children put themselves in danger) and low
icits following generalized cerebral insult. First, the youngrisk (e.g., where the child is a passenger in a motor vehicle
child’s brain is incompletely developed. In the event of aaccident), and found no differences in premorbid behav-
blow to the head, the bone is able to absorb more of théoral patterns across groups, refuting the view that HI chil-
forces of the impact, resulting in the expected focal dam-dren are an unrepresentative group, more likely to have
age, but also greater diffuse injury than may be expecteg@reexisting behavioral problems that place them at in-
with similar insult in the mature brain (Bruce, 1995). Suchcreased risk of injury.
diffuse damage may interrupt ongoing cerebral develop- Similarly, psychosocial variables have been implicated as
ment, including neuronal myelination and frontal lobe mat-predictors of long-term prognosis, regardless of age at in-
uration, which are thought to be particularly rapid duringjury or injury severity (Perrot etal., 1991; Coster et al., 1994;
the first 5 years of life (Hudspeth & Pribram, 1990; Thatcher,Taylor et al., 1995). Brown and associates (Brown et al.,
1991). From a cognitive perspective, young children pos41981) have documented increased risk of psychiatric disor-
sess fewer consolidated abilities. The younger the age at irder for children in families experiencing psychosocial ad-
jury, the fewer mature cognitive skills established by theversity, including marital problems or parental mental
child. Future acquisition of these skills may be compro-disorder. Best outcomes have been associated with good so-
mised, depending on the nature and severity of the cerebralal support and family cohesion. Rivara and colleagues (Ri-
damage (Dennis, 1989). If this is the case, then young chilvara et al., 1993) have shown that, in school-aged children,
dren may appear to have few observable deficits in the earliigh levels of family cohesion and low levels of parental
stages of recovery. However, impairments may emerge witlsontrol are predictive of good child adaptive functioning,
time, as the impact of poor skill acquisition results in in- social competence, and global functioning at 1 year post-
creasing discrepancies between the HI child and age peerigjury. For the young child, who may be interacting primar-
Further, as the child moves through childhood and is reily within the home environment, these psychosocial factors
quired to function more independently, information processimay be particularly important. The child is dependent on
ing skills and executive functions, subsumed by areas of théhe family for providing an appropriate environment, for al-
brain that are immature during early childhood, and thudowing access to rehabilitation resources, and supporting
susceptible to the impact of brain insult, may fail to emergetherapies at home.
(Kennard, 1940; Finger & Stein, 1982; Dennis, 1989; Den- While individual predictors of outcome can be evaluated
nis et al., 1995). largely in isolation, it is most likely that these factors will

While age at insult may be predictive of poorer outcomeinteract to determine long-term outcome. Some researchers
following childhood HI, no single factor can account for have begun to address this possibility, suggesting a “double
the wide variability in recovery patterns and outcomes ob-hazard” hypothesis where psychosocial and injury vari-
served in pediatric populations (Fletcher et al., 1995). Rathegbles interact to determine prognosis (Breslau, 1990; Tay-
it is likely that several mechanisms may be acting, both indor et al., 1992). Thus, the difference between children
dependently and interactively, to determine prognosis. Fosustaining severe injuries and controls would be least when
example, it is reasonably well established that injury severinjured children were from socially advantaged backgrounds,
ity, as measured by Glasgow Coma Scale (GCS; Teasdabnd greater for those from socially disadvantaged environ-
& Jennett, 1974) or posttraumatic amnesia (PTA), reprements. Some evidence to support such a position comes from
sents a reliable predictor of neuropsychological outcomeresearch investigating low-birth-weight children (Breslau,
with more severe Hl related to greater declines in neurobe1990), or those contracting meningitis in infancy and early
havioral functioning (Winogron et al., 1984; Fletcher et al., childhood (Taylor et al., 1992).
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The present study aimed to investigate prognosis followHI (N = 32): GCS on admission 9 to 15; (2) severe NI
ing HI early in childhood, with particular emphasis on pre- 17): GCS on admission 3 to 8; mass lesion or other evi-
dictors of outcome. The impact of premorbid characteristicsgdence of specific injury. Injury characteristics of the head-
psychosocial factors, and injury variables were evaluated imjured children are reported in Table 1.
relation to neuropsychological abilities and patterns of re- Intotal, 63 children sustaining Hl were invited to enrollin
covery in the initial 12 months following HI. Specifically, the study. Five families refused to participate, due to travel
and in keeping with vulnerability models, it was predicted factors or legal actions associated with head injury. Of the 58
that young children sustaining HI would experience defi-remaining participants, 4 children were excluded due to lim-
cits in all areas of functioning, with better recovery for milder ited competence with English, 1 child remained in a vegeta-
injuries. Further, injury severity, age at injury, and premor-tive state for the 12-month follow-up period, and thus was
bid abilities would be associated with outcome 12 monthainable to be tested, and 4 children were evaluated acutely, but
postinjury. were unwilling to attend for 12-month review. Results pre-
sentedinthis paper representtestresults only for children who

completed both acute and 12-month evaluations.
METHODS

Research Participants Measures

Seventy-three children participated in the study. Forty-ninelz)reInJury screening

children diagnosed as sustaining HI were recruited from cong Demographic-medical questionnairdata were col-
sec_utlve adm|ss_|ons to the neurosurgl_cal wgrd_of the Royal lected on each child’s medical and developmental his-
Children’s Hospital, Melbourne. Inclusion criteria were: (1) tory, parental education and occupation, and family
age at injury 2 to 7 years; (2) documented evidence of HI;  constellation. SES was coded using Daniel (1983),
and (3) period of altered consciousness. The remaining 24  which rates parent occupation on a 7-point scale, where
children made up the noninjured comparison group; these  a high score represents low SES. For head-injured chil-
were identifiedvia schools and child care centers, and se- dren, during inpatient stay, medical records were re-
lected to match the HI sample as closely as possible for age, viewed daily and details of GCS, length of coma,
sex, and SES. Exclusion criteria for all participants were ~ neurological abnormalities, and surgical interventions
history of previous HI, and evidence of preexisting physi- ~ Were recorded.

cal, neurological, psychiatric, or developmental disorderg. Vineland Adaptive Behavior Scale (VABS; Sparrow
Within the HI sample, children were classified into groups et al., 1984) This scale has a questionnaire format that
according to severity of injury, as follows: (fjild—-moderate provides information on a child’s level of adaptive func-

Table 1. Injury characteristics of head-injured sample

Groups

Injury characteristic Mild—moderate HN(= 32) Severe HIN = 17)

Age at injury (years)M (SD) 4.80 (2.02) 5.31(1.85)
GCS (on admission)*M (SD) 11.28 (3.48) 4.80 (1.52)
GCS (24 hr)*;M (SD) 13.10 (3.00) 6.14 (2.32)
Duration of coma *

None 13 —

<1 day 19 3

1-7 days — 5

>7 days — 9
Neurosurgical intervention 11 10
Abnormal CTMRI findings™ 20.0 (62.5%) 17 (100.0%)
Neurological abnormalitie’s 9 (28.0%) 11 (64.7%)
Cause of injury

MCA (passenger) 5 6

MCA (pedestriaricyclist) 6 7

Fall/blow 19 2

Other 2 2

*p < .05, *p < .001.
GCS= Glasgow Coma Scale.
MCA = Motor car accident.
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tion, based on parental perceptions. In this study, the patime limit for each category. The total number of correct
ent interview version of the scale was administered toresponses is calculated and an age equivalent score is
provide information in three domains: communication, obtained.

daily living, and social skills. A Total Adaptive Behav-

ior score was also derived. For each of these areas stan- Receptive language.

dard scores were calculated & 100,SD = 15).

C. Personality Inventory for Children (PIC; Lachar, 1992) _ Peabody Picture Vocabulary Test-Revised (PPVT-R;
This questionnaire was completed by parentsto provid@unn & Dunn, ;981)Th|s task evgluates cthrgn S recep-
a measure of children’s preinjury behavioral function- V€ Skills for single words, with items graded in order of
ing. The revised format version was employed, which in-difficulty. Standard scoresM = 100, SD = 15) were em-
cluded 131 items for which parents respond either “true’Pl0y€d in statistical analyses.
or “false.” Four factors are derived from the scdiac- Test of Auditory Comprehension of Language—Revised
tor I Undisciplined—Poor Self-controRactor II: So-  (TACL-R; Carrow-Woolfolk, 1985)his measure includes
cial Incompetenceactor lll: Internalization—Somatic  a number of subtests that tap aspects of language compre-
Symptoms; andractor 1V: Cognitive Development. A hension. Deviation quotientd(= 100,SD = 15) were cal-
Lie Scalas also compiled on the basis of these items. Facculated and included in analyses.
tor scores have a mean of 50 and standard deviation of
10 points, with scores greater than 70 considered to rep-
resent behavioral difficulties of clinical significance.

D. Family Functioning Questionnaire (FFQ; Noller, 1988)  Rivermead Behavioral Memory Test for Children: (RBMT;
This 68-item questionnaire was used to measure seWVilson et al., 1991)This is a measure derived to tap im-
eral hypothetical dimensions of family functioning, Pairments of everyday memory in young children. While
including adaptability, cohesion, family style, encour- the test was derived for use with children age 5 years and

agement of autonomy, and communication. Each itenplder, it was administered to all children in the Study, re-
was rated on a 6-point scale ranging from=totally ~ gardless of age. Itincludes 10 subtests that measure aspects

agreeto 6 = totally disagree Three factors are derived Of verbal and visual memory. A standard score is obtained
from the questionnaireonflict(scored out of 60 points), for each subtest: Giripaired), 1 (borderling), or 2 (hor-
intimacy(scored out of 72 points), amtémocratic par- Mal). These standard scores have been age-normed, and are
enting stylgscored out of 30 points). For each factor, a Summed to obtain a total score. For the present study, re-

higher score reflects more of that characteristic reporte@ults from only 8 of the 10 subtests were included in anal-
by families. yses, as the remaining subtests (Appointments, Story—

delayed) were observed to be too difficult for younger

. L children. However, total scores reflect the reduced number

Child evaluations: Acute and 12 months of subtests, with a score of 14 to 16 categorized@snal
Intellectual evaluation. The Wechsler Preschool and Pri- 10 to 13 asborderling and zero to 9 aBnpaired

mary Intelligence Scale-Revised (WPPSI-R; Wechsler, Numerical Memory | (McCarthy, 1972 his task is a
1989); the Wechsler Intelligence Scale for Children—IIl measure of auditory span, requiring the child to repeat strings
(Wechsler, 1992); or the Bayley Scales of Infant Develop-of digits of increasing length. Raw scores were employed
ment (Bayley, 1969) were administered, depending on théor purposes of statistical analysis.

age of the child.

Memory.

Tapping Test (McCarthy, 1972)his task taps visual span,
and requires the child to tap a series of spatial sequences of
Expressive language. increasing complexity. Raw scores were employed for pur-

poses of statistical analysis.

Expressive One-Word Picture Vocabulary Test (EOW-
PVT, Gardner, 1979)This task measures a child’s ability te
to provide names for pictorial stimuli. Standard scores
(M = 100,SD = 15) were calculated, and these were in-
cluded in analyses.

Story Recall (Anderson et al., 1995a; adapted from Chris-
nsen, 1979)A verbal learning task requiring children to
recall stories. Two stories are read to the child, each includ-
ing 21 content items. After each story, the child is in-
structed to retell the story in his or her own words. Recall

Bus Story (Renfrew, 1995This test aims to investigate (thatis, number of contentitems recalled) is summed across
children’s expressive language skills. Children are shown she two stories, with a maximum possible score of 42 points.
picture and told a simple story about what is happening in
the picture. Children are then required to retell the story ir\‘r
their own words. Age equivalent scores are derived for stor)ﬁ
content {nformatior) and length, on the basis of instruc-
tions provided in the test manual, and these were used i
analyses.

Spatial Learning Test (Anderson et al., 1995a; adapted

om Lhermitte & Signoret, 1972 his task measures spa-

al learning skills. Children are required to learn a spatial

array of nine pictures, arranged in a33 configuration on

a wooden board. The nine stimuli are presented sequen-

tially and placed on the board for the child to learn. The
Verbal Fluency (McCarthy, 1972 hildren are required stimuli are then re-presented, and children are asked to cor-

to name items in each of four categories: things to eat, anrectly place each. Scores derived reflect the number of tri-

imals, things to wear, and things to ride. There is a 20-sls taken for the child to place all nine stimuli correctly.
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Procedure T,, test—retest correlations were high= .93,p < .001).
In contrast, for those receiving different IQ measures, while
Children were enrolled in the study during initial hospital correlations remained robust€ .74,p < .001), they were
admission. Families were given a detailed description of thaignificantly lower.
study and asked to provide written consent, consistent with
hospital ethics procedures. At that time parents complete% . .
the demographic questionnaire, the VABS (Sparrow et al.; tatistical Analysis
1984), the PIC (Lachar, 1992), and the FFQ (Noller, 1988)The three groups (severe HI, mild—moderate Hl, controls)
based on the child’s preinjury abilities. The VABS was re-\ere compared on preinjury and psychosocial measures to
administered at 6 months postinjury. identify group differences that might influence postinjury
Children were evaluated at two stages: acutely and 12erformance. Repeated measures ANOVAs (Gretipme)
months postinjury. Acute assessment was conducted 0nGgere conducted to examine the association between injury
acute neurological dysfunction—posttraumatic amnesia hageyerity and changes in test performance from acute to 12-
resolved; thus there was some variability in the timing ofmonth assessments. Separate analyses were performed for
this assessment (time lapse between injury and acute asseggch domain: intellectual ability, language, and memory
ment from 0—3 months). Assessment occurred over two seggnctioning. Where raw scores or age equivalent scores were
sions, each lasting approximately 1 hr. Intellectual assessmegployed in analyses, age atWas included as a covariate
was conducted in the initial session, with the remainder of, analyses. Similar analyses were performed for the VABS,
the test procedures administered in a separate session, aff§einjury and 6-month postinjury measures. Multiple re-
a break. Assessments were performed on an individual bgyression was employed to determine predictors of outcome
sis by a qualified child psychologist and speech pathologist; 2 months postinjury. Independent variables entered into
Due to the wide age range of the sample, children of difthese analyses included 24-hr GCS (injury severity), VABS
ferentages were administered different subgroups of the chilghreinjury ability), FFQ parenting style (family function-
evaluation battery described above. Language and memojjg), SES, and age at injury. Correlations among these vari-
measures were administeredto all children, regardless of aggples were established prior to performing regressions, to
Where standardized scores were unavailable for younger chikyamine potential multicollinearity among predictors.
dren, raw scores were employed in statistical analyses. Where data were missing for individual test measures,
Forintellectual evaluations, atthe acute assessmentthe Baysyally due to the child’s inability to complete the task, this

Iey Scales were administered to 10 children, the WPPSI-R t% acknow|edged by inc|uding SpeCifiC Samp]e sizes in ap-
41 children, and the WISC-III to 22 children; at 12-month prgpriate tables.

follow-up the Bayley Scales were conducted with 3 chil-

dren, the WPPSI-R with 34 children, and WISC-III with

37 children. While most childrer\( = 52) were adminis- RESULTS

tered the same intellectual measure on both occasions, 7 chil-

dren were assessed on the Bayley Scales at acute evaluatibemographic and Preinjury
and the WPPSI-R at 12 months, and 14 childrenreceived th8creening Variables

WPPSI-R acutely and the WISC-IIl at 12 months. ) ) ]
To evaluate the possible impact of inclusion of multiple As illustrated in Table 2, there were no differences across
the groups for sex and age at initial testing. Similarly, no

tests for the measurement of intellectual abilities, some pre='~ ¥ | )
liminary analyses were conducted. Comparisons were madddnificant group differences emerged for SES or family

between mean performances of children for whom tesptructure. For the Personality Inventory for Children, no pre-
procedures changed from To T, (N = 21) with those for injury group differences were identified for any of the four
whom tests remained the sanié € 52). Using the total factors, or for the Lie Scale. However, a relatively small
sample and analyzing Full Scale IQ scores (FSIQ: FSIQ fopProportion of children sustaining severe HI came from in-
WPPSI-R, WISCIII; MDI for Bayley Scales) for children tact family units. Analysis of family functioning indicated
receiving the same testersushose receiving different tests, N© 9roup differences with respect to parenting style or fam-
no differences were detected between the two groups eithdy intimacy, but greater family conflict was reported for
at acute evaluation or 12-month evaluation. Similarly, wherfn€ mild-moderate HI groug{(2,35)= 3.17,p < .05]. Fi-
the sample was divided according to both injury Severitynally, prelnjuryVABS scores \_Ner_e CC_JnSlStent. ac_r(_)ss the three
and tests conducted, no differences were detected with r@roups F(2,54) = 0.82, ns], indicating no significant pre-
spect to FSIQ scores. These results suggest that the chanl§#!"y group differences in adaptive abilities.
in FSIQ scores from Jto T, was not differentiated on the
basis of the tests administered. Comparison of Preinjury and Postinjury

In addition, correlational analyses were performed to de

. ) o VABS Scores

termine whether test-retest correlations were similar for
the two groups. Again FSIQ scores were employed in analAs previously noted, preinjury VABS scores were essen-
yses. For children receiving the same measure,aarid tially equivalent across groups. At 6 months postinjury, while
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Table 2. Demographic characteristics of sample

573

Head-injured children

Characteristic Severe Mild—moderate Noninjured controls
Number of participants 17 32 24

Sex (number male) 10 17 10

Age at initial testing (years (SD) 5.51 (1.88) 4.87 (1.99) 5.63 (1.83)
Socioeconomic statud (SD) 4.47 (0.96) 4.17 (1.04) 3.97 (0.88)

Personality Inventory for Children
I. Undisciplined/poor self-control
Il. Social Incompetence
ll. InternalizatiorySomatic symptoms
IV. Cognitive Development
Family unit: % two-parent families
Family Functioning Questionnaire
ConflictM (SD) *
IntimacyM (SD)
Democratic Parenting Styld (SD)

56.18 (15.16)

53.72 (16.90)

55.55 (23.73)

61.36 (24.26)
60.0

31.71(9.18)
60.14 (8.69)
35.14 (7.60)

58.52 (17.03)

52.20 (15.86)

58.12 (19.55)

61.52 (17.87)
81.0

23.41 (6.47)
66.52 (5.32)
39.11 (5.30)

61.50 (19.43)

51.00 (9.70)

58.06 (13.09)

49.50 (11.10)
87.0

28.57 (9.10)
65.21 (5.85)
41.71 (4.51)

*p < .05.

the mean VABS scores all fell within the average range, theréntellectual Recovery

was a trend for poorer adaptive skills to be associated with

more severe HI. These results are illustrated in Table 3. ReFable 4 provides results for IQ measures at acute and 12-
peated measures MANOVA identified a significant main ef-month evaluations. Repeated measures ANOVA (Grgup
fect for time for the Total VABS scoreH(42,1) = 10.63, Time) identified a significant main effect of group

p < .05], and a trend towards a group effeEt(42,2) = [F(63,2) = 3.65,p < .05] and time F(63,1) = 4.88,p <
2.69,p < .07], with a decrease in adaptive abilities for all .05] for total IQ (i.e., FSIQ for WPPSI-R, WISC-III; MDI
groups from T, to T,, and the deterioration of greater mag- for Bayley Scales), with the severe HI group achieving low-
nitude for the head-injured groups. The individual domainsest scores overall, as well as a decrease in scores fjagen T
of the VABS were also investigated. While not all domainsT,. For children administered the WPPSI-R or WISC-III
registered significant results, there was a consistent trendt acute and 12-month evaluations, Verbal 1Q and Perfor-
for severe HI to be associated with poorer scores postinjurynance 1Q scores were also investigated. No significant group
A significant main effect of time was reported for Social- or time differences were identified for Verbal 1Q, although
ization [F(40,1)= 7.55,p < .01], with all groups showing the severe HI group did demonstrate a drop in scores not
reduced development over time for this domain. No signif-evident for the other two groups. For Performance 1Q, main
icant effects were identified for Communication or Daily effects were found for both groupg-{57,2) = 7.63,p =
Living Skills, although less dramatic trends were suggested001] and timeF(57,1)= 12.10,p = .001], but there were

by the data. Results indicate the expected dose—response re& significant interaction effects identified. This pattern of
lationship for severity of injury, with more severe HI asso- findings indicates that young children sustaining severe Hi
ciated with poorer scores on measures of adaptive behavigoerform consistently more poorly than those sustaining mild
even up to 6 months postinjury. to moderate injuries, or healthy controls, on overall intel-

Table 3. Vineland adaptive behavior scores: Preinjury and postinjury indices

Severe HIN = 17) Mild—-Moderate HI N = 32) Noninjured controlsN = 24)

Preinjury 6 months Preinjury 6 months Preinjury 6 months
Domain M (SD) M (SD M (SD M (SD M (SD) M (SD
Communication ~ 105.7 (16.1)  98.8 (18.5) 98.37 (23.9) 100.5 (16.4) 110.4 (13.5) 110.0 (15.6)
Daily Living 100.4 (21.0)  93.0(23.0) 106.2 (12.8) 104.9 (16.0) 111.6 (13.9) 112.8 (20.0)
Socializatio? 111.5(12.2)  99.8 (15.9) 110.8 (16.7) 103.7 (21.1) 114.4 (16.8) 110.9 (15.2)
Total® 110.0 (17.2)  95.2(22.7) 109.9 (16.7) 103.5(19.2) 115.9 (15.7) 114.5 (17.8)

bSignificant main effect of time.
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Table 4. IQs for severity groups at acute and 12-month postinjury evaluations

Severe HI Mild—Moderate HI Noninjured controls
Acute 12 months Acute 12 months Acute 12 months
IQ measure n M (SD) M (SD) M (SD M (SD) M (SD M (SD)
Verbal 1Q 63 89.6(17.5) 83.6(19.1) 98.3(10.4) 99.7 (11.9) 99.3 (16.3) 98.7 (14.1)
Performance I®° 63 83.2(20.9) 85.2(21.0) 96.4(11.1) 100.4(11.8) 107.3(15.5) 108.5(19.5)
Full Scale 1@"° 73 87.7(19.9) 85.1(20.0)0 99.3(12.9) 101.3(12.2) 102.4(15.5) 103.7(16.7)

aSignificant main effect of group.
bSignificant main effect of time.

lectual ability, thus supporting a dose—response relationsures for all groups. No significant interaction effects were
ship for injury severity. Further, there is no clear evidenceidentified on language measures, indicating no substantive
for recovery over time following HI, with changes in re- evidence of differential improvement or recovery of skills
sults related to time since injury being relatively consistentin the 12 months postinjury for HI children. However, there
across all groups, and possibly due to a practice effect, rathevas a nonsignificant trend for greater improvement in scores
than to recovery of function. from T, to T, for the severe HI group, with scores remain-
ing relatively stable for the other two groups, as shown in
Table 5.
Language Skills

Results on language tests were also found to be relate|d|emory Skills

to severity of injury; results are provided in Table 5. Re-

peated measures ANOVA (or ANCOVA) indicated a sig- For memory tests, with the exception of the RBMT, raw
nificant main effect of group for both expressive skills scores were employed in analyses, as age-standardized scores
[EOWPVT: F(2,59) = 4.34,p < .05; Verbal Fluency: were not available for these measures over the age range
F(2,59) = 3.70,p < .05; Bus Story: LengthF(2,59) = included in the study. ANCOVAs were conducted for these
3.64,p < .05] and receptive skills [PPVT-RE(2,59) =  variables, with age at,Temployed as a covariate. Scores
4.70,p < .01; TACL-R:F(2,59) = 4.87,p < .01], with  for memory tests are presented in Table 6. Analysis de-
more severe injury associated with poorer scores for altected a main effect of group for the Tapping Test
measures. A main effect of time was found for the[F(2,53)= 4.21,p <.05] and Story RecalH(2,45)= 3.02,
EOWPVT [F(1,59) = 8.84,p < .01], Verbal Fluency p < .05], and a significant time effect was observed for the
[F(1,59)= 7.02,p < .01], and TACL-R F(1,59)= 4.81, Tapping Testf(1,45)= 16.87,p < .0001] and Numerical

p < .05], reflecting improvement over time on these mea-Memory [F(1,45)= 6.34,p < .01], reflecting expected de-

Table 5. Language test results at acute and 12-month postinjury evaluations

Severe HI N = 16) Mild—-Moderate HI N = 28) Noninjured controlsN = 22)

Acute 12 months Acute 12 months Acute 12 months

Test measure M (SD) M (SD) M (SD M (SD) M (SD M (SD
Expressive measures

EOWPVT (standard scor&¥ 85.8 (23.2) 94.8 (20.9) 105.8 (16.7) 109.3 (12.9) 98.5 (23.3) 97.3 (19.6)

Bus Story: information* (AE) 13.7 (8.2) 14.9 (10.7) 19.5 (10.7) 26.5(11.1) 24.1(9.7) 28.1 (11.5)

Bus Story: length* (AE} 17.4(13.8) 11.1(8.9) 13.6 (10.5) 15.9 (11.3) 9.1 (2.6) 10.7 (3.9)

Verbal Fluency* (AE}P 5.1(1.6) 5.6 (1.8) 5.9 (1.6) 6.2 (1.7) 6.2 (1.8) 6.5 (1.6)
Receptive measures

PPVT-R (standard scork) 80.6 (22.8) 85.1(18.3) 100.3 (12.7) 100.1 (15.2) 91.7 (30.1) 92.6 (29.9)

TACL-R (deviation quotienff®  79.1 (20.9)  87.6 (15.4) 99.0 (15.1)  101.5(15.2) 97.3(30.6) 97.4 (18.2)

Note.AE = age equivalent scores.

*For these variables ANCOVA was conducted, with age aa3 covariate. ANOVA was employed for all other analyses.

aSignificant main effect of group.
bSignificant main effect of time.
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Table 6. Memory test results at acute and 12-month evaluations

Severe HIN = 9) Mild—moderate HI Kl = 21) Noninjured controlsN = 19)

Acute 12 months Acute 12 months Acute 12 months
Test measure M (SD) M (SD M (SD) M (SD M (SD M (SD)
RBMT: total score 13.0 (4.8) 12.5(4.5) 14.1 (3.1) 15.5 (1.2) 13.6 (3.5) 15.5 (1.1)
Numerical Memory*: raw scofe 6.0 (1.0) 7.7 (1.5) 5.8 (1.3) 7.6 (2.4) 5.7 (1.3) 6.8 (1.4)
Tapping Test*: raw scofe” 3.3(2.9) 5.7 (0.6) 5.0 (1.8) 5.6 (0.8) 4.7 (1.3) 5.0(1.2)
Story Recall*: no. items recalléd  14.0 (7.1) 16.7 (11.0) 14.7 (9.2) 18.2 (6.6) 13.6 (6.4) 21.0(8.2)
Spatial Learning*: trials to criteria 5.0 (4.4) 4.5 (3.5) 3.7 (1.3) 3.8(1.9) 4.7 (2.6) 3.8(2.6)

*For these variables ANCOVA was conducted, with age aa3 covariate. ANOVA was employed for other analyses.
aSignificant main effect of group.
bSignificant main effect of time.

velopmental gains in raw scores for these measures. For tlexcluded from analyses. Such a systematic loss of data may
RBMT, age-standardized total scores were evaluated. Nbias results against detecting a meaningful group difference
main effects, and no interactions were identified. There wa®n this measure.

a nonsignificant trend for a change in these scores over time

[F(1,49 = 3.77,p = .06], with the severe HI group show-
ing a small decrease in performance, and mild—moderate
and control groups improving from;To T,. When inter-  To investigate predictors of outcome at 12 months post-Hl,

preting these RBMT results, it is relevant to note that aa series of multiple regressions was conducted on summary
greater proportion of children in the severe HI group werestandardized outcome measures including Full Scale 1Q, Ver-
unable to complete the RBMT, and thus their results weréal 1Q, Performance 1Q, EOWPVT, TACL-R, PPVT-R, and

|_ﬁ’redicting Outcome Following HI

Table 7. Significant predictors of outcome at 12-months postinjury

Outcome measures

Predictor variables VIQ PIQ FSIQ EOWPVT TACL-R RBMT: Tot.
GCS 24 hr

Beta .31 .45 .38 .33 .32 31

t value 2.11 2.74 2.72 1.96 1.86 1.71

p .04 .01 .01 .06 .07 .09
AAl

Beta .06 -.02 —-.05 21 —-.19 .53

t value 0.05 -0.16 -0.38 1.39 -1.19 3.16

p ns ns ns ns ns .004
Preinjury VABS

Beta .39 .27 41 .08 .23 .09

t value 3.07 1.90 3.37 0.56 1.54 0.55

p .004 .06 .001 ns ns ns
SES

Beta -.25 -.21 —.24 -.43 —-.20 A1

t value -1.92 -1.34 -1.88 —2.76 -1.24 0.64

p .06 ns ns .01 ns ns
FFQ

Beta .16 -.01 .09 .14 .09 .23

t value 1.08 —0.06 0.60 0.82 0.53 1.21

p ns ns ns ns ns ns
R? .52 41 .55 41 41 44

GCS: Glasgow Coma Score; AAl: Age at injury; VABS: Vinelard Adaptive Behavior Scale; FFQ: Family Functioning Questionnaire;
VIQ: Verbal 1Q; PIQ: Performance IQ; FSIQ: Full Scale I1Q; EOWPVT: Expressive One-Word Picture Vocabulary Test; RBMT:
Rivermead Behavioral Memory Test; TACL-R: Test of Auditory Comprehension of Language-Revised.
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RBMT. Predictors of outcome employed in the analyses wer¢for age-standardized measures) or expected developmen-
24-hr GCS score, age at injury (AAl), preinjury VABS score, tal gains (for tests scored as raw scores or age equivalents).
SES, and FFQ. Correlational analyses were conducted witRinally, 12-month outcomes were largely predicted by in-
these predictors, with significant correlation coefficients ob-jury severity, with age at injury and preinjury abilities as-
tained between VABS preinjury score and SES omly=(  sociated with outcome for specific skills, with surprisingly
—0.37,p < .01). Results from subsequent regression anallittle evidence for any substantial impact of psychosocial
yses are summarized in Table 7. Severity of injury was foundactors.
to be the most consistent predictor of 12-month outcome, Inthe acute postinjury stages, subjective parental percep-
with GCS (24 hr) significantly associated with VIQ, PIQ, tions of adaptive functioning, as measured by the VABS,
and FSIQ. Further, this relationship approached signifi-were associated with injury severity. As might be expected,
cance for all other outcome measures. Age at injury wagomparison of preinjury and postinjury parental reports iden-
also identified as related to outcome, but only for memorytified a trend to deterioration in adaptive functioning for chil-
measures (RBMT total). Not surprisingly, preinjury VABS dren sustaining HI, while parents of noninjured children
total scores were predictive of intellectual scores at 12+eported expected developmental gains for their children.
month follow-up, and SES was related to aspects of linguisFor individual adaptive domains, this pattern of injury-
tic ability (VIQ, EOWPVT). Family functioning was not a related deterioration was most marked within the Socializa-
significant predictor for any of the intellectual, language, ortion domain, with similar, nonsignificant trends evident for
memory variables. Daily Living Skills and Communication. Injury severity was
This pattern of results points to the importance of injury-also related to children’s postinjury performances on stan-
based, developmental, and premorbid factors for early funcdardized psychometric measures. In the initial three months
tional outcome following HI in young children. Family postinjury, mean group performances showed a definite
functioning and SES were less significant predictors for anydose—response relationship. Severe HI was associated with
of the outcome variables. However, it should be acknowlimpairments in intellectual ability, expressive language, and
edged that the proportion of variance accounted for by theseeceptive language. As expected the impact of mild—-moderate
regression equations is relatively low, suggesting that othekil was less dramatic, with mean scores for this group closer
untested factors may also be associated with outcome. to that of noninjured controls, and generally within age-
based expectations.
DISCUSSION . Despite some eyidence of increases in test scores, find-
ings failed to provide support for any substantial recovery
The aim of this study was to describe the nature of deficitof function from the acute stage to 12 months postinjury,
exhibited by children sustaining HI in early childhood, to with group differences persisting over time on most tasks.
document changes in the 12 months postinjury, and to ider-or tasks tapping well-learned knowledge or basic lan-
tify predictors of early outcome. To do this three groups wereguage skills (Verbal 1Q, PPVT-R), HI children showed im-
examined: severe HI, mild—-moderate HI, and noninjured conpaired, but relatively stable results over time, providing no
trols. The study was designed to compare groups that werevidence for recovery-related gains. At 12 months post-
similar preinjury on a number of critical variables including injury, children sustaining severe HI continued to exhibit
age at injury, adaptive functioning, behavioral status, SESsignificant receptive and expressive language difficulties.
and family functioning. Thus, group differences identified For those in the mild—-moderate HI group, small, nonsignif-
postinjury could be associated with effects of HI. icant increments in scores were noted, in contrast to control
Consistent with previous research, our findings sup+esults, which remained largely unchanged across the two
ported a relationship between injury severity and neurobeassessments. Significant gains were identified on some lan-
havioral functioning. Postinjury, significant group differences guage measures. However, these improvements were con-
were evident in a range of cognitive domains, including in-sistent across all groups, and appeared unrelated to HI.
tellectual ability and linguistic skill, with more severe HI Further consideration of these results showed that incre-
associated with poorer test performance. This pattern of defnents occurred either on standardized measures suscepti-
icits was present in the acute recovery phase, and mairble to practice effects (e.g., Full Scale 1Q, Performance 1Q)
tained at assessments conducted 12 months postinjury. br for measures where raw scores were employed, and where
contrast to the finding of significant early recovery of func- increments could be interpreted as related to expected de-
tion in adults and older children, this picture of persistingvelopmental gains (e.g., Verbal Fluency, Numerical Mem-
impairment did not support the presence of similar recov-ory, Tapping Test). In neither instance could changes in
ery in young children. Specifically, statistical analyses didperformances be attributed to recovery. Such findings em-
not reveal any Groupx Time interaction effects, which phasize the importance of including a noninjured control
would be expected if differential improvements in skills were group when using serial testing to investigate recovery pro-
occurring for head-injured children. Rather, when perfor-cesses. Finally, memory measures showed a nonsignificant
mance increments were detected between acute and 1fend for deterioration over time, with more severely in-
month evaluations, they were generally consistent acrogsired children achieving more impaired scores at 12-month
groups, and most likely represented either practice effectassessment, in keeping with the notion of “emerging defi-
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cits” following childhood brain insult (Anderson, 1988; Ban- 1990; Taylor et al., 1992). In studies of school-age children,
ich et al., 1990). there is evidence that marital relationships fail in the years
The final aim of the study was to identify predictors of postinjury, as family isolation increases when parents are
outcome at 12 months postinjury. A number of candidategequired to remain at home to care for their impaired child,
were considered as possible prognostic indicators, based @md are thus less likely to socialize because of the social
previous research findings. Injury severity, age at injury, preproblems experienced by the child (Perrot et al., 1991, Tay-
injury adaptive functioning, SES, and family functioning lor et al., 1995). No research is available relating specifi-
were all examined. However, only one of these factors wasally to very young children, but it may be hypothesized
found to have significant predictive value: greater injury se-that, given their greater dependence on the family environ-
verity, as measured by 24-hr GCS, was consistently predianent, younger children may be more susceptible to these
tive of poorer performance. Specifically, more severe injurieseffects in the long-term. However, further follow-up of the
were associated with poorer outcome on summary 1Q, lanpresent sample is needed to evaluate such statements
guage, and memory measures. One of the problems in the field of pediatric HI relates to
Younger age at injury was a less consistent predictor oflifficulties in attributing postinjury impairments to injury-
12-month outcome, but was closely linked to reduced memrelated variables. Authors have suggested that such inter-
ory capacity. While the age-related findings from the studypretations may be invalid, due to the “unrepresentative”
are modest, they are inconsistent with notions of cerebrahature of the pediatric HI population. It has been argued
plasticity (Lenneberg, 1967; Smith, 1983), showing that re-that children sustaining HI are more likely to come from
covery is less dramatic than might be expected in the younsocially disadvantaged families, and have higher risk of pre-
ger age range. Further, even within the narrow age banchorbid learning and behavioral deficits. If such sample bi-
employed in this study, earlier age at injury was associatedses do exist then they may result in an overestimation of
with poorer outcome, particularly in the domain of mem-impairments related to HI. Thus, to attribute postinjury def-
ory. Interestingly, such skills are reported to be immaturejcits specifically to HI, clinical and comparison groups should
but developing rapidly during the early childhood period. ideally be equivalent for psychosocial and ability variables
Dennis’s (1989) hypothesis that such skills may be particpreinjury. Any differential performances postinjury may then
ularly vulnerable to the impact of early cerebral insult is be more reliably related to injury factors. In the present study,
supported by our findings. However, several methodologiwe were able to establish such group equivalence, with no
cal issues may have affected the investigation of this varigroup differences identified for SES, overall family func-
able. First, the age range of the sample is restricted to yountioning, preinjury adaptive and behavioral skills. Such a de-
children, who may be particularly vulnerable to the effectssign enabled investigation of changes in performance for
of cerebral insult. Previous studies have noted that it is difboth noninjured and HI children, teasing out important fac-
ficult to differentiate age effects in this lower range, with tors such as practice effects and, for measures where poor
all children similarly at risk (Smibert et al., 1996). Further, normative data were available, expected developmental
there was a trend for younger, more severely injured chilgains. When these crucial considerations were incorporated
dren to experience difficulties coping with test demands. Thento interpretations, a disappointing lack of recovery was
conservative decision to exclude such data, rather than tevident. In fact, for no measure was there an indication of
code it to represent the actual level of difficulty exhibited, significant improvement in performance, over and above that
may result in a systematic bias that acts against establishimmpserved for noninjured children.
the actual magnitude of impairment associated with these The present study is limited by a number of methodolog-
parameters within the sample. ical problems. First, sample size is relatively small, and lim-
The lack of impact of psychosocial factors in the presenits the statistical power of analyses. It may be that, with a
sample is somewhat surprising. It may be that, as early asrger sample, some of the trends for recovery in the Hl
12 months postinjury, the effect of injury severity is of such groups might have reached statistical significance. Second,
maghnitude that it masks other possible effects. Alternaand common to many longitudinal developmental studies,
tively, it may be that the use of preinjury estimates of fam-is the problem of usage of multiple test measures. In the
ily functioning do not tap the relevant problems. Certainly, present study, three separate measures of intellectual ability
the psychosocial characteristics of the head-injured chilwere used, and while correlations across these measures were
dren included in this study were not suggestive of substanrobust, it is difficult to determine the subtle impact of these
tial preinjury family pathology, in keeping with findings from variations in methodology. The design does not allow for
other recent studies (Donders, 1992; Prior et al., 1994). linvestigation of psychometric variability either within or
may be that the family-related factors that are important formacross tests. Additionally, for very young children (partic-
prognosis are only evident postinjury. Consistent with thisularly those younger than 2.5 years), tests tapping skills
suggestion, the effects of psychosocial factors have been aknown to be vulnerable to the impact of HI (e.g., memory,
gued to be cumulative, and may only become apparent witkanguage) are scarce, and age-related norms are commonly
increasing time since injury. Such findings have been docunavailable. Further, the capacity of the younger children
umented in other pediatric disorders that occur in early childto complete these tasks was more variable, leading to more
hood; for example, meningitis and prematurity (Breslau,missing data for younger children. Such systematic prob-
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lems for younger children leads to difficulties in interpret- Bayley, N. (1969)Bayley Scales of Infant Developmedew York:
ing age at injury—severity effects in the sample. The Psychological Corporation.

In summary, and as expected from the adult literatureBijur, P, Goulding, J., Haslum, M., & Kurzon, M. (1988). Behav-
severity of injury is closely related to cognitive outcome ioral predictors of injury in school-aged childreAmerican
following HI, with more severe injuries associated with 5 J‘l)”mﬁ Oing'zea;eS '”bch"?jhofd“% 1307-1312. Hidren's v
poorer 1Q, impaired linguistic functions, and emerging mem-B'€s!au. N- (1990). Does brain dysfunction increase children’s vul-

S . . . nerability to environmental stresg@chives of General Psy-
ory deficits. Further, recovery profiles following Hl in early

. chiatry, 47, 15-20.
childhood do not conform to adult models, but are depeng,own é Chadwick. O.. Shaffer. D.. Rutter. M.. & Traub. M.

dent on severity of injury. Our results indicate that, while  (19g81). A prospective study of children with head injuries: I1.
children sustaining less severe injuries show some evi- psychiatric sequela®sychological Medicingl1, 49—62.
dence of early recovery, such improvement is not observegruce, D.A. (1995). Pathophysiological responses of the child’s
following severe HI. Finally, early outcome following pre-  brain following trauma. In S. Broman & M.E. Michel (Eds.),
school HI is more strongly associated with injury-related  Traumatic head injury in childregpp. 40-54). New York: Ox-
factors, including severity and age at injury, with premor-  ford University Press.

bid characteristics and psychosocial factors less influentialcasey, R., Ludwig, S., & McCormick, M.C. (1986). Morbidity fol-
To date, follow-up data on our sample are only available to lowing minor head traumaiin ch!ldre,ﬁedlatrlcs 78, 497—502._
12 months postinjury. With longer duration of follow-up it Carrow-Woolfolk, E. (1985)Examiner’s manual. Test for Audi-

is possible that a pattern of functional recovery may emerge tory Comprehension of Language-Revisatien, TX: DLM
P P ymay ge. Teaching Resources.

S|m|lgrly, Wlth tlme, the |mportance of |nJury-ba§ed factors Chadwick, O., Rutter, M., Shaffer, D., & Shrout, P. (1981) A pro-
may diminish, with psychosocial parameters playing a greater spective study of children with head injuries: IV Specific cogni-
role. tive deficits.Journal of Clinical Neuropsycholog$, 101-120.
Christensen, A. (1979).uria’s neuropsychological investigation.
Munksgaard, Denmark: Schmidts Bobtrykkeri Vogens.
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