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Abstract

To evaluate effects of unilateral frontal lesions on psychosocial and global outcome of traumatic brain injury (TBI)
in children, Study 1 compared matched groups of 22 school aged children who had sustained TBI either with or
without unilateral frontal lesions. Study 2 evaluated effects of unilateral extrafrontal lesions in 18 TBI patients as
compared with 18 nonlesional TBI patients. Communication, Daily Living, and Socialization domains and the
Maladaptive Behavior Scale of the Vineland Adaptive Behavior Scales (VABS) were used to assess psychosocial
outcome, and the Glasgow Outcome Scale (GOS) measured global outcome. All patients underwent magnetic
resonance imaging at least 3 months post injury. Children with frontal lesions had worse scores on the Daily Living
and Socialization domains and a higher frequency of maladaptive behavior than those without frontal lesions, but
there was no difference in cognitive function. Disability was twice as common in the frontal lesion group relative to
children without frontal lesions. Volume of frontal lesion was related to the Socialization domain. Side of lesion had
no effect, nor did presence of an extrafrontal lesion (Study 2). Unilateral frontal lesions adversely affect late
psychosocial outcome of TBI in children. (JINS, 2004,10, 305–316.)
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INTRODUCTION

Ventromedial frontal and orbitofrontal lesions arising from
various etiologies can result in socially inappropriate be-
havior, compromised decision making, impaired social cog-
nition (e.g., identifying facial expression of emotions) and
poor self-regulation. These deficits have been documented
despite relatively preserved intelligence in case reports of
adults and children (Blair & Cipolotti, 2000; Eslinger et al.,
1992; Marlowe, 1992) and series of patients selected from
brain lesion registries (Barrash et al., 2000). Although bi-
lateral orbitofrontal and ventromedial frontal lesions have

been frequently implicated in the pathogenesis of this be-
havioral disturbance (Barrash et al., 2000; Eslinger & Dam-
asio, 1985) cases of right orbitofrontal0ventromedial injury
with similar sequelae have been described (Blair & Cipo-
lotti, 2000; Marlowe, 1992; Rolls et al., 1994). Tranel et al.
(2002) recently reported that social and interpersonal be-
havior, employment status, and decision making on a labo-
ratory task were impaired in a group of adults studied at
least three years after sustaining right ventromedial prefron-
tal cortical lesions, whereas these sequelae were not present
in three adults who had homologous left sided lesions. The
patients with right ventromedial prefrontal lesions also failed
to exhibit normal anticipatory skin conductance responses
on the decision making task.

Proposed explanations of acquired social comportment
deficits vary in detail, but each account emphasizes an

Reprint requests to: Harvey S. Levin, Ph.D., Cognitive Neuroscience
Laboratory, Baylor College of Medicine, 6560 Fannin St., Suite 1144, Box
67, Houston, TX 77030. E-mail: hlevin@bcm.tmc.edu

Journal of the International Neuropsychological Society(2004),10, 305–316.
Copyright © 2004 INS. Published by Cambridge University Press. Printed in the USA.
DOI: 10.10170S1355617704102129

305

https://doi.org/10.1017/S1355617704102129 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617704102129


inability or rigidity in integrating affective valence with a
social situation. Mechanisms proposed include ventrome-
dial frontal dysfunction in linking somatic markers to rep-
resentations of situations that arouse fear or other emotional
reactions (Damasio, 1996) and orbitofrontal disturbance in
mediating response reversal (Blair et al., 1999). According
to the somatic marker theory (Damasio, 1996), ventrome-
dial prefrontal cortex (orbitofrontal and medial frontal cor-
tex) holds dispositional linkages between knowledge about
situations and events and the emotions paired with these
experiences. These linkages are thus essential for reactivat-
ing emotions when similar situations recur, thereby alerting
the individual that a specific action is likely to produce a
good or bad outcome, and bias the individual toward the
most appropriate action. Blair et al. (1999) have empha-
sized the specialization of orbitofrontal cortex in response
reversal based on social cues (Blair & Cipolotti, 2000),
such as inhibition of aggression toward another person who
displays signs of fear or submission. Consistent with Blair’s
response reversal hypothesis, functional brain imaging stud-
ies of adults have supported the role of right orbitofrontal
and inferior frontal cortex in processing angry facial ex-
pressions (Blair et al., 1999). In addition to processing
emotional material and other aspects of social cognition,
infrahuman primate models, studies of patients with focal
brain lesions, and functional brain imaging implicate
orbitofrontal0ventromedial, and inferior frontal cortex in
reward-mediated learning (Francis et al., 1999) and practi-
cal decision making (Bechara et al., 2000).

Both the somatic marker and response reversal postula-
tions predict that patients sustaining traumatic brain injury
(TBI) complicated by orbitofrontal0ventromedial lesions
will have increased risk of psychosocial sequelae. This is
because of aberrant function of the neural system that links
cognition and affect. Both hypotheses also suggest that ven-
tromedial frontal lesions occurring during infancy or dur-
ing preschool years should have marked psychosocial effects.
One reason is that frontal lesions interfere with the devel-
opment of rule-governed behavior and with the learned in-
tegration of affect and social cognition. Another reason is
that children have less well-established inhibitory capacity
and rule-based behavior, which, in adults, can mitigate the
effects of frontal lesions (Blair & Cipolotti, 2000).

The empirical data support the idea that early frontal
lobe lesions disrupt social cognition and psychosocial func-
tion. Children sustaining orbitofrontal and ventromedial fron-
tal lesions, particularly bilateral lesions prior to age 5 years,
have been found to exhibit disruptive behavior, failure to
follow rules, deficient empathy, and a lack of moral reason-
ing which were refractory to repeated instruction, treat-
ment, and punishment (Anderson et al., 1999). In comparison
with adults sustaining orbitofrontal and ventromedial fron-
tal lesions, children with early onset of prefrontal lesions
are more likely to engage in theft, violent acts against prop-
erty, and other blatantly antisocial behavior (Damasio, 1996;
Price et al., 1990). Although bilateral ventromedial frontal
lesions have been frequently noted in pediatric studies of

early frontal injury, right frontal cases (Marlowe, 1992)
and a child with left frontal lesion (Eslinger & Damasio,
1985; Eslinger et al., 1992) displaying these sequelae have
been described (Marlowe, 1992). Anderson et al. (1999)
inferred that medial prefrontal dysfunction, whether result-
ing from direct injury or by white matter disconnection, is
the key feature. Social cognitive deficits, including diffi-
culty in processing deceptive affect, sarcastic criticism, and
empathic praise have been reported in cross-sectional sam-
ples of children who sustained a TBI (Dennis et al., 2001;
Price et al., 1990). However, the presence of focal brain
lesions was not evaluated with MRI in these studies of TBI
patients. Finally, the effects of unilateral focal frontal le-
sions on psychosocial outcome of nonpenetrating pediatric
TBI are not well understood.

In this initial paper concerning how focal frontal lesions
affect psychosocial outcome in children who sustain TBI
due to closed head injury, we have searched both cohorts of
an ongoing project and identified a group of patients with
unilateral frontal lesions seen on MRI. With diffuse axonal
injury and excitotoxicity putatively present to a varying
extent during the acute injury period in these patients
(Graham et al., 1989), we postulated that they were at risk
for ventromedial0orbitofrontal dysfunction, possibly through
a disconnection effect of diffuse axonal injury causing dis-
ruption of interconnections among frontal subregions (e.g.,
orbitofrontal–dorsolateral frontal) and between the orbito-
frontal region and the limbic system (Rolls et al., 1994). We
predicted that TBI that included frontal lesions would more
adversely affect psychosocial outcome in children than in-
juries of comparable severity without frontal lesions. In the
context of child and adult studies implicating nontraumatic
orbitofrontal and ventromedial frontal lesions in the patho-
genesis of acquired sociopathy (Anderson et al., 1999; Bar-
rash et al., 2000; Price et al., 1990), as well as postulations
that these frontal subregions link cognition with emotional
modulation (Blair & Cipolotti, 2000; Damasio, 1996), we
explored the relationship of lesion site, lesion volume, and
lateralization to psychosocial outcome in Study 1. To facil-
itate comparison with neurosurgical outcome studies of pe-
diatric TBI, we also analyzed global outcome using the
Glasgow Outcome Scale (GOS; Jennett & Bond, 1975).
Good recovery according to the GOS in this study reflected
return to regular classes in school, scholastic achievement
comparable to preinjury, and no persistent social or physi-
cal sequelae. Moderate disability reflected residual physi-
cal, cognitive, or psychosocial impairment based on the
interview findings and a decline from age-appropriate pre-
injury level. Children who returned to school and were re-
ferred for resource classes, other remediation, or treatment,
but had generally recovered to a level of independence ap-
proximating age expectation were considered moderately
disabled on the GOS.

In addition, we compared the cognitive outcomes of chil-
dren with frontal lesions to a matched, nonfrontal TBI group
using measures of declarative memory (Delis et al., 1994),
expressive language (Semel et al., 1995), and processing
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speed (Wechsler, 1991). To differentiate the nonspecific ef-
fects of a brain lesion complicating TBI in children, in Study
2 we compared the psychosocial outcome of children with
extrafrontal lesions to the findings in matched patients whose
MRI showed no areas of abnormal intensity.

STUDY 1

Methods

Research Participants

Participants were selected from prospective pediatric ad-
missions for TBI due to closed head injury during the pe-
riod 1991–2001 at academic medical centers in Dallas,
Houston, and Toronto. Participation of human subjects in
this study was approved by the Institutional Review Board
at each of these centers. Although no constraint was im-
posed on severity of TBI, all patients had been hospitalized
for acute neurosurgical treatment at one of the participating
institutions, their level of consciousness was defined by the
lowest postresuscitation Glasgow Coma Scale (GCS) score
(Teasdale & Jennett, 1974) as recorded by an attending or
resident neurosurgeon in the emergency room or on the
neurosurgical unit, and they cooperated with follow-up as-
sessment. The data reported in this study were collected as
part of a larger project concerning neurobehavioral out-
come of mild, moderate, or severe TBI arising from closed
head trauma. This project included recruitment and serial
two year followup of children, 5 to 15 years old, during
their initial hospitalization for TBI (longitudinal cohort)
and enrollment of children at least 2 years following hospi-
talization for TBI (cross-sectional cohort) at the same insti-
tutions who were 5 to 18 years old at the time of assessment,
but were possibly younger than 5 years at the time of injury.
Children in the cross-sectional cohort were identified through
medical record searches and from the longitudinal cohort
of a previous cycle of this project. Recruitment of the cross-
sectional and longitudinal cohorts did not include referrals
from clinics or medical legal sources and was independent
of their outcome provided that the child recovered to a con-
scious level. By the time that we analyzed the data, 266
patients had consented to participate in the project and 251
patients provided outcome data. Of the 15 patients with
missing data, 12 were lost to follow-up, 1 patient was found
later to be ineligible, and the parents of 2 patients refused to
continue. These longitudinal and cross-sectional cohorts were
studied concurrently using similar eligibility criteria apart
from the time of injury and age at injury. Mild TBI was
defined by a brief loss of consciousness limited to 15 min,
a GCS score of 13–15 after the child reached the emer-
gency center, no subsequent neurologic deterioration to a
GCS score below 13, and normal neurologic findings, and
normal computed tomographic (CT) findings within 24 hr
after injury. Moderate TBI was defined by a postresuscita-
tion GCS score of 9–12 without subsequent neurologic de-
terioration to a GCS score below 9 regardless of CT results.

Severe TBI corresponded to a lowest postresuscitation GCS
score of 8 or less regardless of CT findings. Investigation of
the sequelae of severe and moderate TBI was the focus of
the project and recruitment of mildly injured patients was
designed mainly to provide a comparison group. With the
majority of pediatric TBI patients sustaining mild injuries,
it was not feasible to recruit all children who were admitted
for mild TBI. Consequently, recruitment of the mildly in-
jured patients was based in part on obtaining distributions
of demographic features that were similar to those of the
more seriously injured children. Exclusion criteria included
intentional injury, history of documented child abuse or ne-
glect, penetrating gunshot wound of the brain, preinjury
history of neurologic disorder, psychosis, or mental retar-
dation. In addition, children with contraindications to un-
dergoing MRI (e.g., presence of metallic implants) were
excluded as were non-English speakers, and children in
whom medical records pertaining to their acute injuries were
unavailable. All children underwent MRI using a research
protocol that included coronal fluid level attenuated inver-
sion recovery (FLAIR), sagittal T1, and 1.5 mm slice thick-
ness 3D volumetric sequences. MRI was performed within
2 weeks of psychosocial assessment in patients studied at
least 2 years post injury and at 3 months post injury in the
patients enrolled during their initial hospitalization. We have
previously reported that the frequency and neuroanatomic
distribution of focal brain lesions are similar in patients
imaged in the longitudinal and cross-sectional cohorts (Levin
et al., 1997). The 3-month post-injury interval for MRI in
the longitudinal cohort was selected because it is suffi-
ciently long for resolution of transient changes such as edema
and the first major outome assessment, including evalua-
tion of psychosocial function, was performed at that occa-
sion. The MRI findings, which were interpreted and coded
by a project neuroradiologist at each center without access
to the outcome data, were used to identify 22 children with
unilateral frontal lesions (11 left and 11 right hemisphere)
and a comparison group of 22 TBI patients without frontal
lesions in the 5 to 15 year age range (Table 1). Search
criteria for identifying the children in the frontal group in-
cluded the presence of a unilateral frontal lesion on MRI
either with or without an ipsilateral extrafrontal lesion re-
gardless of lesion size or TBI severity. Of the 22 children in
the frontal lesion group, 3 had ipsilateral extrafrontal le-
sions including 2 patients in whom the extrafrontal lesion
volume was larger than the frontal lesion volume.

Each nonfrontal patient was selected from the pool of
patients without frontal lesions based on matching a frontal
lesion patient on lowest postresuscitation GCS score, age at
injury (within 1 year), and age at test (within 1 year). With
the exception of a single pair of patients, the frontal and
nonfrontal patients in each pair also had the same gender.
Although the design of the study initially specified a com-
parison group of children who had unilateral extrafrontal
lesions, it was not possible to control for age at assessment
using this approach. As reflected in Tables 1 and 7, children
in the frontal lesion group tended to be older than patients
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with extrafrontal lesions. Due to the relatively few children
with unilateral focal brain lesions not involving the frontal
lobes, selection criteria for patients in the nonfrontal group
were expanded so that the presence of a brain lesion iden-
tified by MRI was not a requirement. Although including
patients without brain lesions in the nonfrontal group did
not control for the nonspecific effects of brain lesions in the
frontal group, Study 2 (see below) was designed to address
this confound. Table 1 summarizes the demographic and
clinical features of the frontal and nonfrontal samples and
shows that there were no significant group differences.

To evaluate the representativeness of the children with
frontal lesions, we compared their clinical and demo-
graphic features and proportions of patients who were par-
ticipants in the cross-sectionalversuslongitudinal cohorts
to the other pediatric TBI patients enrolled in project

(Table 2). Although there is a trend toward a higher per-
centage of children with frontal lesions sustaining TBI in a
high velocity injury such as a motor vehicle crash and being
selected from the longitudinal cohort relative to other pa-
tients in the project, significant differences were limited to
older age at injury in the children with unilateral frontal
lesion group.

Procedures

Assessment of psychosocial outcome.Follow-up assess-
ments were obtained beginning at 3 months post injury and
the latest assessment was performed at 2 years after injury
in the longitudinal cohort. The latest assessment of each
child in the longitudinal cohort was selected for analysis
to provide a relatively stable measure of psychosocial out-

Table 1. Demographic and clinical features of frontal lesion and non-frontal groups

Lesion group

Frontal
(n 5 22)

Nonfrontal
(n 5 22)

M SD M SD Statistics P-value

Age at injury (years) 9.3 2.7 8.7 2.6 F(1,42)5 0.26 .6149
Age at test (years) 11.9 2.0 12.3 2.0 F(1,42)5 0.71 .4057
GCS scorea 11.7 3.5 11.9 3.2 F(1,42)5 0.05 .8218
Injury interval (years) 2.6 2.1 3.4 2.3 F(1,42)5 1.51 .2263
SESb 37.1 12.2 38.1 12.3 F(1,42)5 0.07 .7920
Sex

Femalen (%) 6 (27.2) 7 (31.8) x2(1) 5 0.11 0.7411
Male n (%) 16 (72.7) 15 (68.2)

aGCS5 Glasgow Coma Scale (Teasdale & Jennett, 1974)
bSES5 socioeconomic status as measured by Hollingshead Four Factor Index (Hollingshead, 1975).

Table 2. Demographic and clinical features of frontal lesion subjects and other patients
in the TBI cohorts

Frontal
(n 5 22)

Others
(n 5 229)

Lesion group M SD M SD Statistics P-value

Age at inquiry 9.3 2.7 8.1 3.4 F(1,249)5 5.55 .0192
GCS score 11.7 3.5 11.5 3.9 F(1,249)5 0.03 .8607
Injury interval 2.6 2.1 3.3 2.5 F(1,249)5 1.78 .1833
SES 37.1 12.2 39.1 13.9 F(1,242)5 0.21 .6457
Sex

Girls n (%) 6 (27.3) 81 (35.4) Fisher’s Test .4930
Boysn (%) 16 (72.7) 148 (64.6)

Cohort
Longitudinaln (%) 15 (68.2) 106 (46.3) Fisher’s Test .0723
Cross-sectionaln (%) 7 (31.78) 123 (53.7)

Cause of injury
High speedn (%) 12 (54.5) 114 (49.8) Fisher’s Test .0853
Low speedn (%) 8 (36.4) 111 (48.5)
Othersn (%) 2 (9.1) 4 (1.7)
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come. All assessments were performed as part of a larger
project rather than selecting subgroups of patients to un-
dergo psychosocial evaluation. A licensed psychologist
or an experienced psychometrist administered the semi-
structured interview for the VABS (VABS; Sparrow et al.,
1984) to a parent, usually the child’s mother. Parents rated
whether their child wasnever, sometimes, or usuallyable to
perform specific behaviors. The domains of the VABS as-
sessed included Communication (e.g., Expressive and Re-
ceptive Language, Written Language), Daily Living Skills
(e.g., Personal, Domestic, Community), and Socialization
(e.g., Interpersonal Relationships, Playing and Leisure, Cop-
ing Skill), which provided standard scores. The validity of
these scales has been supported by factor analytic studies
of typically developing children and of various clinical pop-
ulations of children (Sattler, 2002; Sparrow et al., 1984).
Prospective longitudinal outcome studies have documented
the sensitivity of these VABS domains to pediatric TBI
(Fletcher et al., 1990; Taylor et al., 2002) with psychosocial
functioning declining over the year following severe injury
relative to children who sustain mild TBI or uninjured con-
trols (Fletcher et al., 1990). We also evaluated the presence
or absence of maladaptive behavior based on the parent’s
responses to 27 items on the Maladaptive Behavior Scale of
the VABS. The interviewer coded the VABS results for va-
lidity. Analysis was restricted to data coded as valid. This
stipulation necessitated selection of the 12-month rather than
the 24-month outcome data for one child because the final
VABS interview was rated by the examiner as invalid.

Lesion analysis.

Volumetric image analysis.Digital versions of all MRI
images were transferred by internet file transfer protocol
(ftp) to the image analysis laboratory at Baylor College of
Medicine. Guided by lesion coding and marking performed
by the neuroradiologist at each center, an operator outlined
each lesion using the MEDx medical image processing soft-
ware package (Sensor Systems, Sterling, VA). Marked sets
of images were composed into a three-dimensional volume,
normalized to account for intersubject differences in brain
size, registered to the Talairach template, and exported as a
single file containing the entire brain volume in Talairach
coordinate space. The file with the marked and normalized
brain volume was used as input for a program, written using
the Interactive Data Language (IDL), which reported a vol-
ume in mm3 for each lesion.

Interobserver reliability in measuring lesion volumes on
MRI. Images from 8 children with CHI were analyzed
independently by two observers using MEDx and IDL (see
Volumetric Image Analysis). Each operator marked a total
of 10 lesions (2 cases had 2 lesions) on three separate oc-
casions to assess both intra- and interrater reliability. The
mean age of patients included in the reliability study was
10.6 years (SD 5 2.0), the mean postresuscitation GCS

score was 11.9 (SD5 3.1), and the mean interval between
the injury and MRI scan was 1.8 years (SD5 2.8). Neuro-
radiologists first examined hard copies of the FLAIR im-
ages and marked the location of all identified lesions on the
film. Using the marked films as a guide, each operator used
tools within the MEDx software package to outline areas of
abnormal signal intensity on the digital image sets. Marked
image volumes created within MEDx were then exported to
the IDL program to obtain the lesion volumes. Intraclass
correlations for intra-rater reliability for the first operator
were .992 between Trials 1 and 2 (M difference5 0.4%)
and .998 between Trials 2 and 3 (M difference5 1.1%). For
the second operator the intraclass correlation coefficients
for repeated lesion measurements were .995 between Trials
1 and 2 (M difference5 8.1%) and .998 between Trials 2
and 3 (M difference5 5.5%). The intraclass coefficient to
assess interrater reliability was .999 (M difference between
raters5 2.8%).

Global outcome and cognitive function.To character-
ize global outcome using the GOS, a structured interview
was completed with the parent or guardian that encom-
passed the child’s educational placement, psychosocial ad-
justment, and the child’s cognitive, behavioral, or physical
limitations following the injury. Criteria for the GOS cat-
egories were modified for use with children.

Cognitive testing was performed to evaluate whether the
effects of frontal lesions were specific to psychosocial func-
tion or broader with impact on cognition. In addition, cog-
nitive assessment using measures that did not emphasize
executive function provided another criterion for evaluat-
ing the comparability of TBI severity in the frontal lesion
and nonfrontal groups. The selection of cognitive measures
was constrained by the protocol used in the larger project
which included standardized tests of episodic memory, pro-
cessing speed, and expressive language, domains which are
sensitive to TBI in children (Catroppa et al., 1999; Ewing-
Cobbs et al.,1987; Yeates et al., 1995). Declarative memory
was measured by the Children’s Version of the California
Verbal Learning Test (CVLT–C) of Delis et al. (1994), ex-
pressive language by the Formulated Sentences subtest of
the Clinical Evaluation of Language Fundamentals–Third
Edition (Semel et al., 1995), and processing speed was based
on a composite derived from the Coding and Symbol Search
subtests of the WISC–III (Wechsler, 1991).

Statistics

We analyzed standard scores on the Communication, Daily
Living, and Socialization domains of the VABS using a
t test for matched pairs. In view of the exploratory nature of
this study, we did not apply statistical correction for multi-
ple comparisons. Fisher’s Exact Test was used to compare
the proportions of children in the frontal and nonfrontal
groups whose VABS findings were indicative of alterations
in adaptive behavior and to compare proportions of catego-
ries on the GOS. To explore whether lesion volume was
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related to specific aspects of adaptive and social function-
ing, regression analysis was used to analyze the relation-
ship of frontal lesion volume to the standard scores and
subdomain raw scores for those domains of the VABS which
were found to differentiate the frontal lesion and nonfrontal
groups. In addition, the frontal lesion volume of patients
with significant vs nonsignificant psychosocial disturbance
was reported using the parameter estimation to indicate the
direction of changes. Unpairedt tests were used to compare
the VABS findings in subgroups of patients according to
the frontal subregion involved. Using pairedt tests, the to-
tal recall of the Monday list (i.e., first list of words, which
was presented over five trials) scale score and short delay
recall z score of the CVLT–C, the Formulated Sentences
scale score of the CELF, and the WISC–III Processing Speed
scale score were compared for the frontal lesion and non-
frontal groups.

Results

Frontal lesion versus nonfrontal groups

Preliminary analysis disclosed no significant difference in
demographic features (e.g.,M age at test was 11.9 and 11.8
years) or GCS score between the left and right frontal groups
and their Vineland Domain scores were also comparable
(e.g., mean total Daily Living standard scores were 88.9
and 91.9 for left and right frontal groups). Three patients
(27.27%) in each group were reported by their parents to
exhibit intermediate or significant maladaptive behavior as
measured by the Vineland critical items. Consequently, we
merged the data of the left and right frontal lesion patients
into a single frontal lesion group and compared their psy-
chosocial outcome to the findings of individually matched
children who sustained TBI without frontal lesions on CT
or MRI (Table 3).

Table 3 presents the mean standard scores of the frontal
lesion and nonfrontal groups on the Vineland domains with
higher scores reflecting better psychosocial outcome. Al-
though the difference in the Communication standard score
was not significant [t(21)5 0.92,p , .368, ES5 0.19], the
frontal lesion group had significantly lower standard scores
on the Daily Living [t(21) 5 2.21,p , .039, ES5 0.47],
and the Socialization [t(21)5 2.48,p , .022, ES5 0.53]
domains than the nonfrontal group.

Distribution of lesions in frontal subregions
and relationship of frontal lesion volume
to psychosocial outcome

Distribution of frontal subregion lesions.Table 4 shows
the frontal subregion(s) and extrafrontal regions involved
for each child in the left and right frontal groups. Nine of
the children in the combined unilateral frontal lesion group
had a lesion in the orbital gyrus and0or gyrus rectus. Other
frequent sites were superior frontal gyrus (n 5 10), middle
frontal gyrus (n 5 10), and inferior frontal gyrus (n 5 7).
Concomitant ipsilateral lesions in extrafrontal areas were
present in 2 left and 2 right frontal lesion patients (Table 4).
The most common pathologies of the frontal lesions were
gliosis (n 5 11), shearing injury (n 5 6), atrophy (n 5 4),
and encephalomalacia (n 5 4). Of the children in the non-
frontal comparison group, 5 patients had one or more le-
sions including temporal (n5 4), parietal (n5 4), thalamus
(n 5 1), and occipital (n 5 1) areas. Within the nonfrontal
group, atrophy, shearing, calcification, gliosis, combined
gliosis-encephalomalacia, and combined gliosis-shearing
were the most frequent pathologies.

Relationship of frontal lesion volume and frontal sub-
region site to psychosocial outcome.To determine whether
frontal lesion volume was related to psychosocial outcome,
exploratory regression analysis was performed in which the
GCS score and age at test were first entered into the equa-
tion. This analysis was restricted to the Daily Living and
Socialization domains because there was no difference be-
tween the frontal lesion and nonfrontal groups on the Com-
munication domain. In view of the exploratory nature of the
regression analysis, we included the Daily Living and
Socialization subdomains and analyzed their raw scores be-
cause standard scores are not available (Table 5). Examina-
tion of the parameter estimates indicated that the patients
who had lower frontal lesion volumes tended to have higher
Socialization domain total scores [t(24)5 22.12,p5 .04],
Interpersonal Relations scores [t(24) 5 22.53, p 5 .02],
and Coping Skill scores [t(24) 5 22.12, p 5 .04]. The
Socialization domain standard score approached signifi-
cance and was also inversely related to the frontal lesion
volume [t(24)5 21.81,p 5 .08]. However, frontal lesion
volume was not significantly related to the Daily Living
domain (Table 5).

Due to constraints associated with the small numbers of
patients with lesions in specific frontal subregions (Table 4),
we compared the psychosocial outcome of 12 children with
orbitofrontal, gyrus rectus, and0or inferior frontal gyrus
(OGRIF) lesions to the Vineland findings in the 10 children
with frontal lesions involving the middle and0or superior
frontal gyri and0or white matter lesions (i.e., the “other
frontal lesion” group) which did not infiltrate OGRIF. Pre-
liminary analysis revealed no significant differences in de-
mographic features and the GCS scores of the OGRIF group
(M 5 11.58,SD5 3.53) did not differ significantly from
that of the other frontal lesion patients [M 5 11.80,SD5
3.55;t(20)5 0.14,p , .89]. Analysis of the Vineland stan-

Table 3. Mean standard scores on Vineland Adaptive Behavior
domains for frontal lesion and non-frontal groups

Non-frontal Frontal
Non-frontal–

frontal

VABS standard scores M SD M SD M SD

Communication domain 96.1 10.8 93.4 14.9 2.7 13.9
Daily Living Skill domain 96.6 8.1 90.4 12.5 6.2 13.1
Socialization domain 99.6 13.3 90.9 15.5 8.7 16.4
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dard scores indicated no significant difference in the Com-
munication domain between the OGRIF (M 5 96.0,SD5
14.0) and other frontal lesion (M 5 90.3,SD5 16.1) groups
[ t(20) 5 0.89,p , .39]. Similarly, the Daily Living stan-
dard scores did not differ for the OGRIF (M 5 90.1,SD5

12.6) and other frontal (M 5 90.7, SD 5 13.0) patients
[ t(20) 5 2.10, p , .92]. There was also no difference in
Socialization standard scores between the OGRIF (M 5
91.3, SD 5 13.6) and the other frontal (M 5 90.5, SD 5
18.3) groups [t(20)5 0.11,p , .92].

Table 4. Clinical and demographic features, lesions in frontal subregions and extrafrontal regions, Vineland Total Raw Scores
for three domains, presence of maladaptive behavior, and global outcome for each child in the unilateral frontal lesion group

Age (years)
VinelandPatient

# Grp GCS
At

injury
At
test

Interval
(months) Gender FLWM SFG MFG IFG OG GYR TEMP PAR BG Comm Living Social

Maladaptive
behavior

level GOS

1 L 6 5 10 59 M L L 130 149 108 S MD
2 L 8 12 13 6 M L 124 157 113 I GR
3 L 11 14 15 12 F L L L 129 150 123 I GR
4 L 11 7 12 67 M L L L 111 131 89 S MD
5 L 14 11 13 26 M L L 125 155 120 N GR
6 L 14 11 12 12 M L 124 152 103 I GR
7 L 15 12 14 24 M L L L 124 140 102 S MD
8 L 15 8 9 12 F L L 123 140 104 I GR
9 L 15 10 11 12 M L L L 125 141 104 N GR

10 L 15 9 11 14 M L L 118 145 90 S MD
11 L 15 8 11 32 M L L 108 128 102 N MD
12 R 6 11 13 24 M R R R 130 154 107 I GR
13 R 7 9 11 25 M R 118 140 105 I GR
14 R 7 7 13 78 F R 130 153 112 N GR
15 R 8 8 14 71 M R R R 124 150 111 S MD
16 R 9 11 11 6 M R R 112 138 105 S MD
17 R 10 11 13 23 M R 128 157 114 N GR
18 R 12 5 9 48 F R R R 110 122 54 S MD
19 R 14 10 12 14 F R R R 124 151 100 S GR
20 R 15 5 12 86 F R R R 131 155 106 I GR
21 R 15 6 7 12 M R 103 133 103 N MD
22 R 15 14 15 12 M R R 132 154 125 I GR

Group: L5 left frontal lesion; R5 right frontal lesion. FLWM5 frontal lobe white matter; SFG5 superior frontal gyrus; MFG5 middle frontal gyrus; IFG5 inferior frontal
gyrus; OG5 orbital gyrus; GYR5 gyrus rectus; TEMP5 temporal lobe & temporal tip; PAR5 parietal lobe; BG5 basal ganglia. Vineland: Comm5 communication domain
total raw score; Living5 daily living domain total raw score; Social5 socialization domain total raw score. Maladaptive behavior level: N5 Nonsignificant; I5 intermediate
significant; S5 significant. GOS: Glasgow Outcome Scale score: GR5 good recovery; MD5 moderate disability. There were no occipital lesions present.

Table 5. Regression analysis of frontal lesion volume (mm3) and Vineland Score
with GCS and age as covariates

Frontal lesion
volume (mm3) GCS Age at test

VABS scores
P value (t value)

(df 5 24)
P value (t value)

(df 5 24)
P value (t value)

(df 5 24)

Daily Living Skill
Standard .4028 (20.85) .4571 (20.76) .0388 (212.19)
Total raw .3867 (20.88) .3265 (21.00) .0018 (3.51)
Personal raw .3468 (20.96) .1397 (21.53) .0085 (2.87)
Domestics raw .7856 (20.28) .6341 (20.48) .0050 (3.09)
Community raw .2797 (21.11) .4032 (20.85) .0060 (3.01)

Socialization domain
Standard .0823 (21.81) .3726 (20.91) .5186 (0.66)
Total raw .0445 (22.12) .3186 (21.02) .0009 (3.81)
Inter. Rel. raw .0186 (22.53) .4335 (20.78) .0014 (3.61)
Play & leisure raw .4950 (20.69) .5285 (20.64) ,.0001 (5.16)
Coping skill raw .0443 (22.12) .2869 (21.09) .0374 (2.20)
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Classification of maladaptive behavior

Table 6 shows that 16 children with frontal lesions and 8
patients in the nonfrontal group were classified as exhibit-
ing intermediate-maladaptive, or significant maladaptive
behavior according to the VABS. The distributions of pro-
portions of children with findings in these categories were
significantly different for the unilateral frontal lesion and
the nonfrontal lesion groups. Comparison of frontal lesion
volume of the 16 children considered by their parents to
exhibit intermediate or significant maladaptive behavior (M
volume5 7538.3,SD5 7149.4) to the other 6 patients with
frontal lesions (M volume 5 1293.5,SD 5 2089.2) re-
vealed a significant difference [t(18.1)5 2.43,p , .026].1

Nine (75%) of the children with OGRIF lesions were rated
by their parent as having significant maladaptive behavior
as compared with 7 (70%) of the other frontal lesion pa-
tients, Fisher’s Exact Test showed no significant associa-
tion between OGRIF lesions and maladaptive behavior.

Global outcome

All patients in the frontal and nonfrontal groups were found
to have either a good recovery or were moderately disabled.
Although 9 (40.91%) of the children with frontal lesions
were moderately disabled as compared to 4 (18.18%) of the
patients without frontal lesions, the difference only ap-
proached significance [Fisher’s Exact Test,p 5 .185].

Cognitive function

The mean CVLT–C scale scores for total words recalled on
the Monday list were within the average range for the fron-
tal lesion (M 5 56.36,SD 5 8.08) and nonfrontal (M 5
60.86,SD5 10.24) groups [pairedt(21)5 1.50,p , .147].
The mean short delay recallz score was 0.20 (SD5 1.13)
for the frontal lesion group and 0.46 (SD5 0.80) for the
nonfrontal group [pairedt(21)5 0.88,p , .39]. The mean
Formulated Sentences scale scores were 10.59 (SD5 3.20)
for children with a frontal lesion and 9.18 (SD5 3.25)for
the nonfrontal group [pairedt(21) 5 21.64, p , .116].
Processing speed, as measured by the WISC–III composite
scale score, was not significantly different in the frontal
lesion (M 5 103.62,SD 5 19.08) and nonfrontal (M 5
100.48,SD5 19.52) groups [pairedt(20)5 2.51,p , .616].

Discussion

In the present study, TBI typically occurred during the pri-
mary school years, a period when self-regulatory skills had
at least been partially established (Diamond, 2002). Al-
though 12 children had involvement of the orbital gyrus,
gyrus rectus, and0or inferior frontal gyrus, it is plausible
that white matter disruption and secondary effects of ex-
citotoxicity adversely affected this frontal subregion in other
children whose lesions were in adjacent frontal subregions.
Consistent with the overall effect of unilateral frontal le-
sions, regression analysis confirmed that the volume of fron-
tal lesions adversely affected psychosocial outcome as
measured by the Socialization Domain of the Vineland
scores. Within the frontal lesion group, those who exhibited
borderline or significant maladaptive behavior according to
the Vineland critical items had larger lesions than children
whose behavior was considered by their parents to be rela-
tively normal. Although the sample size did not permit a
test of differences in psychosocial outcome between the left
and right prefrontal groups, the descriptive statistics did not
confirm reports (Blair, 2001) that right frontal lesions are
more strongly associated with behavioral disturbance than
are left frontal lesions. Despite the apparent lack of differ-
ences in psychosocial outcome as measured by the VABS,
we acknowledge that the mechanism of impairment might
differ. Left frontal lesions could have resulted in altered
verbal mediation of behavior whereas right frontal lesions
might have impacted emotional processing (Tranel et al.,
2002).

Our small sample size of children with lesions in specific
frontal subregions limited the parcellation of lesion sites in
the analysis of psychosocial outcome. However, our find-
ings did not show differential psychosocial outcome in chil-
dren with orbitofrontal or inferior frontal lesions relative to
other frontal subregions. Our findings regarding laterality
and site of frontal lesion are preliminary and mentioned
primarily to generate further investigation using more sen-
sitive imaging techniques and outcome measures.

We found relatively specific effects of frontal lesions on
the Daily Living and Socialization domains of the VABS,
reflecting deficient development of independence and so-
cial functioning according to ratings by their parents. As
noted in investigations of adults with unilateral right frontal
lesions (Tranel et al., 2002), we found a dissociation of
impaired psychosocial outcome despite relatively intact cog-
nitive function as reflected by measures of declarative mem-1I test for unequal variances.

Table 6. Vineland Maladaptive Behavior level of frontal lesion and
nonfrontal groups

Maladaptive level

Nonsignificant Intermediate Significant

Fisher’s
Exact

p value

Frontal lesionn (%) 6 (27.3%) 8 (36.4%) 8 (36.4%)
Nonfrontaln (%) 14 (63.6%) 5 (22.7%) 3 (13.6%) .0548
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ory, processing speed, and expressive language. Children
sustaining frontal lesions also had more than twice the rate
of adaptive behavioral difficulty than TBI patients in the
nonfrontal group who were individually matched on demo-
graphic features and GCS score.A limitation of this matched-
pairs approach is that the frontal and nonfrontal groups
differed in the proportion of children who had brain lesions
due to the relatively low frequency of extrafrontal lesions
in pediatric TBI (Levin et al., 1997). Although we had at-
tempted individual matching of patients with frontalversus
extrafrontal lesions, the relatively few children with extra-
frontal lesions and their younger age at injury precluded
this approach. Consequently, it is conceivable that the ob-
served differences in psychosocial outcome were due to the
effects of a residual brain lesion regardless of the location.
Other limitations of this study include the possibility of a
chance finding due to multiple statistical comparisons of
the frontalversusnonfrontal groups. In this initial investi-
gation of the effects of unilateral frontal lesions associated
with TBI, we did not apply a correction for the number of
comparisons. Although the VABS is well validated as a
measure of adaptive behavioral in children following TBI
(Fletcher et al., 1990, 1996), a structured interview de-
signed specifically to assess behavioral sequelae of frontal
injury in children analogous to the technique used with adults
by Tranel et al. (2002), could be more sensitive to the ef-
fects of frontal lesions than the VABS. Consequently, the
results of Study 1 should be interpreted as tentative pending
replication.

To mitigate confounding by the higher frequency of brain
lesions in the frontal group, in Study 2 we analyzed the
effect of focal extrafrontal brain lesions on psychosocial
outcome. If the presence of an extrafrontal lesion had no
effect on psychosocial functioning, then the findings ob-
tained in Study 1 could be attributed to the presence of
frontal lesions rather than a nonspecific effect of lesions,
irrespective of location.

STUDY 2

Methods

Research participants

The patients were identified from the same patient cohorts
from which we formed the samples in Study 1. All children
in Study 2 underwent the same MRI protocol as Study 1. Of
the 18 children with extrafrontal lesions, digitized MRI data
were unavailable for 1 patient. Consequently, volumetric
analysis of the extrafrontal lesions was limited to 17 chil-
dren. Using a matching process similar to Study 1, we iden-
tified two nonfrontal lesion groups consisting of 18 children
each, which differed in the presence of an extrafrontal brain
lesion identified by MRI. Table 7 shows that these groups
did not differ in demographic features or acute severity of
TBI as measured by the postresuscitation GCS score. Six
children in the nonfrontal lesion group and 4 patients with-
out lesions had also been included in Study 1, whereas the
other 26 patients in Study 2 had not participated in Study 1.
The mean total lesion volume in the nonfrontal lesion group
was 5147.9 cc (SD5 20040) as compared with a mean total
lesion volume of 6010 cc (SD 5 8714.2) in the frontal
lesion group of Study 1, a nonsignificant difference
[ t(20.7)5 20.17,p , .8700].

Procedure

Assessment of psychosocial, cognitive, and global outcome
used procedures identical to Study 1.

Results

Table 8 shows the mean standard scores on the VABS for
the extrafrontal lesion and nonlesion groups. There were no

Table 7. Demographic and clinical features of extrafrontal lesion and
nonlesional groups

Lesion group

Extra-frontal
(n 5 18)

Nonlesion
(n 5 18)

M SD M SD Statistics P value

Age at injury (years) 8.4 3.6 7.4 3.0 F(1,34)5 0.91 .3478
Age at test (years) 10.8 3.6 11.1 3.2 F(1,34)5 0.07 .7964
GCS Score 12.2 3.1 12.6 2.9 F(1,34)5 0.15 .7004
Injury interval (years) 2.3 1.6 3.7 2.5 F(1,34)5 3.73 .0618
SES 39.2 12.6 38.8 14.7 F(1,34)5 0.01 .9279
Sex

Femalen (%) 3 (16.7) 4 (22.2) Fisher’s Test 1.0000
Male n (%) 15 (83.3) 14 (77.8)
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significant differences on the Communication [t(17) 5
20.01,p , .989, ES5 0.01] Daily Living [t(17) 5 0.75,
p , .466, ES5 0.18] and Socialization [t(17)5 0.94,p ,
.360, ES5 0.22] domains.

The percentages of children with nonfrontal lesions who
had normal (7 patients, 38.9%), intermediate (7 patients,
38.9%), and significant maladaptive (4 patients, 22.2%)
scores according to the cut-off on the Vineland Maladaptive
Behavior Scale did not differ from the corresponding per-
centages for the nonlesion group (4 patients, 22.2%; 9 pa-
tients, 50%; 5 patients, 28.8%), Fisher’s Exact Test,p 5
.68. Global outcome, as measured by the GOS, also did not
differ between the children who had extrafrontal lesions
and the nonlesion group.

Regression analysis in which the GCS score and age at
study were entered as covariates failed to disclose any ef-
fect of extrafrontal lesion volume on any of the Vineland
Domain Standard Scores. For example, regression of the
extrafrontal lesion volume on the Socialization Domain Stan-
dard Score was nonsignificant [F(1,13)5 0.00,p , .9819].

Comparison of the cognitive performance of the nonfron-
tal lesion and nonlesion groups reflected variation in sam-
ple size due to missing data for 1 or 2 patients on specific
measures. Mean scale score for total words recalled from
the Monday list of the CVLT–C did not differ for the non-
frontal lesion and the nonlesion groups [pairedt(16)5 0.83,
p , .42]. Thez score for short delay recall also did not
differ for the nonfrontal lesion and nonlesion) groups [paired
t(16) 5 0.42, p , .68]. There was no difference in the
Formulated Sentences scale score of the CELF between the
nonfrontal lesion and nonlesion groups [pairedt(16) 5
20.24,p , .81]. However, processing speed as measured
by the WISC–III scale score tended to be slower in the
nonfrontal lesion than nonlesion group and approached sig-
nificance [t(15)5 2.10,p , .06].

Discussion

With relatively few lesions in the nonfrontal group in Study 1,
the effects of frontal lesions could not be isolated from the
presence of any brain lesion. In view of our finding that the
presence of an extrafrontal lesion had no effect on psycho-
social or global outcome, it is unlikely that the results of
Study 1 can be attributed to the nonspecific effects of a

brain lesion rather than to the contribution of a frontal le-
sion. Direct comparison of the results in Studies 1 and 2 is
complicated by differences between the samples in age and
gender distribution. The children in Study 2 tended to be
injured at an earlier age than the Study 1 patients.

GENERAL DISCUSSION

Our data, including the results of volumetric lesion analy-
sis, extend the small body of work on the effects of frontal
lobe lesions in the developing brain, and suggest that uni-
lateral frontal lobe lesions do result in psychosocial deficits
following TBI in children. Previous studies of patients sus-
taining orbitofrontal and ventromedial frontal lesions of di-
verse etiologies, including case reports or case series of
adult onset (Barrash et al., 2000; Bechara et al., 2000; Es-
linger & Damasio, 1985) and childhood injuries (Eslinger
et al., 1992; Marlowe, 1992; Price et al., 1990) have docu-
mented difficulty in self-regulation of social behavior and
everyday decision making. Children sustaining orbitofron-
tal and ventromedial frontal lesions, particularly bilateral
lesions prior to age 5 years, have been found to exhibit
disruptive behavior, failure to follow rules, deficient empa-
thy, and a lack of moral reasoning which were refractory to
repeated instruction, treatment, and punishment (Anderson
et al., 1999). In comparison with adults sustaining orbito-
frontal and ventromedial frontal lesions, the sequelae of
early prefrontal lesions tend to include more blatantly anti-
social behavior (Anderson et al., 1999).

Bilateral ventromedial frontal lesions have been frequently
noted in cases of socially inappropriate behavior and poor
decision making following orbitofrontal injury in children,
but right frontal cases and a child with left dorsolateral in-
jury displaying these sequelae have also been described (Es-
linger et al., 1992; Marlowe, 1992). Tranel et al. (2002)
recently reported that a group of adults with right ventrome-
dial prefrontal lesions (n54) had experienced postinjury de-
terioration of social and occupational functioning, a pattern
which was not present in adults with homologous left sided
lesions (n5 3). In the present study, analysis of frontal sub-
region lesions was limited by the small numbers of patients
in each group and use of conventional MRI.Within these con-
straints, we found no effect of lateralization of frontal lesion
on VABS measures and no difference in psychosocial out-
come between children who sustained orbitofrontal, inferior
frontal or gyrus rectus lesions as compared with patients who
had lesions in other frontal subregions.Anderson et al. (1999)
inferred that medial prefrontal dysfunction, whether result-
ing from direct injury or by white matter disconnection, is
the key feature. To this end, it is plausible that disruption of
frontolimbic circuitry and other connections contributed to
the psychosocial problems regardless of the frontal sub-
region that was the site of cortical lesions.

In the present study, groups of children drawn from con-
secutive hospital admissions for TBI were selected from
large cohorts of patients based on their MRI findings rather
than referral due to marked behavioral disturbance. Al-

Table 8. Mean standard scores for Vineland domains
in extrafrontal lesion and nonlesion groups

Extrafrontal Nonlesion
Extrafrontal–

nonlesion

VABS standard scores M SD M SD M SD

Communication domain 94.0 13.3 94.1 15.020.1 16.5
Daily Living Skills domain 97.4 12.8 94.1 12.0 3.3 18.7
Socialization domain 95.4 11.9 91.3 16.4 4.1 18.5
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though the group of children with unilateral frontal lesions
represents a small percentage of the cohorts studied over 10
years and differed from the total cohort in age at injury, no
other significant differences were found in demographic
and clinical features. As noted earlier, the findings should
be interpreted with caution given their exploratory nature
and the multiple statistical comparisons.

The VABS has been well validated as a measure of psy-
chosocial outcome of TBI in children (Fletcher et al., 1990,
1996; Taylor et al., 2002). The interviewers had no informa-
tion concerning the MRI findings and the neuroradiologists
were not given any psychosocial outcome data. Neverthe-
less, extension of this study could include a structured inter-
view designed to diagnose psychiatric disorder according to
DSM–IV (1994) criteria. Although we screened for pre-
injury neuropsychiatric disorder, the lifetime history pro-
videdbyastructured interviewsuchas theK-SADS(Kaufman
et al., 1997) using DSM–IV criteria would be an enhance-
ment. Preexisting psychopathology is known to increase the
risk for TBI, although there is little reason to believe that it
generates a bias toward frontal lesions. Convergence of the
results for the GOS, which showed a rate of disability twice
as high (though only bordering on significance) in children
with frontal lesions as compared to the nonfrontal group,
provides some confirmation that our findings on the VABS
reflect substantive differences in adaptive functioning.

The finding that prefrontal lesions are common in chil-
dren 3 months or later after TBI, which corroborates our
previous study (Levin et al., 1997), is of interest. In the
present study, prefrontal lesions were primarily situated in
the dorsolateral, inferior, and orbitofrontal subregions. Dor-
solateral and inferior frontal cortex has been implicated by
functional brain imaging studies to subserve executive con-
trol of attention, working memory and inhibition (Bunge
et al., 2001; Diamond, 2002). Because frontal lesions are
relatively common in children with TBI, it will be possible
in larger-scale studies to identify patterns of frontal sub-
region lesions that are more or less associated with psycho-
social sequelae. Future studies should focus on delineating
the nature of the psychosocial and social cognitive dysfunc-
tion associated with frontal lesions in children. Recent theo-
retical accounts of frontal lobe function provide the basis
for determining which view is more relevant to describing
the dysfunction in children with TBI. Is it the case, as the
somatic marker theory postulates (Damasio, 1996), that dam-
age to the ventromedial prefrontal cortex disconnects cog-
nitive knowledge and knowledge-relevant affect, so that
decision making is random and not guided by affect and
reward contingencies? Alternatively, do orbitofrontal le-
sions prevent the development of finely tuned social inhib-
itory control, as response reversal views suggest (Blair &
Cipolotti, 2000)? Suggestions (Anderson et al., 1999; Es-
linger et al., 1992; Marlowe, 1992; Price et al., 1990) that
the consequences of frontal lesions in children can become
magnified when the patients enter adolescence and adult-
hood could also be addressed. Ongoing research is aimed at
answering these questions.
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