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Abstract

Difficulty in inhibition or cognitive control is a common and significant sequela of pediatric
traumatic brain injury (TBI). The present study used functional MRI to examine one specific
inhibitory function, interference control, in 11 adolescents, aged 12—16 years, (mean age, 15.7
years) with TBI who were at least 1 year postinjury and 11 age-matched typically developing
control participants (TC) (mean age, 15.2 years). Participants completed a Counting Stroop task
with 2 main conditions: (1) a neutral condition requiring the counting of animal words and (2) an
interference condition in which mismatched number words were counted. Both TBIl and TC
adolescents activated similar networks of brain regions relevant to interference control, but the
TBI group showed higher levels of activation relative to the TC group in multiple brain areas
within this network, including predominantly right frontal and parietal regions. Findings of greater
activation of the relevant neural network in the TBI group are consistent with recent fMRI
findings using other interference control paradigms with individuals with a history of TBI.
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INTRODUCTION

Traumatic brain injury (TBI) is one of the most common causes of acquired disability in
childhood and adolescence (Keenan & Bratton, 2006), with the highest peak in incidence of
TBI occurring during the adolescent and young adult years (Langlois, Rutland-Brown, &
Thomas, 2006). Adolescence also constitutes a critical time for brain development (Casey,
Tottenham, Liston, & Durston, 2005) and an important transitional period during which the
child is expected to assume increasing responsibility for self-management (Crosnoe &
Trinitapoli, 2008; Wigfield & Eccles, 1994). Deficits in executive functions (EF) are
commonly observed in pediatric TBI (Max et al., 2005a, 2005b; Max, Manes, et al., 2005).
In general, children with severe TBI display poorer performance on EF measures, including
attention, working memory, behavioral inhibition, and cognitive control, than less-severely
injured or healthy control children (e.g., Anderson, Catroppa, Morse, Haritou, & Rosenfeld,
2005; Anderson, Fenwick, Manly, & Robertson, 1998; Catroppa & Anderson, 2005; Ewing-
Cobbs et al., 1998; Yeates et al., 2005). Deficits in EF may help explain the discrepancy
between seemingly normal performance on many standard non-EF neurocognitive measures
(as in areas of verbal and non-verbal abilities), despite observed impairments in everyday
social and academic functioning (Anderson et al., 2005; Catroppa & Anderson, 2003;
Ewing-Cobbs, Prasad, Landry, Kramer, & DeLeon, 2004). Intact EF skills play an important
role in interpersonal, school, and vocational success (Levin & Hanten, 2005; Pennington,
1994; Schachar, Levin, Max, Purvis, & Chen, 2004).

One EF domain in which children and adolescents with TBI have shown deficits concerns
inhibitory or interference control. Whereas cognitive control has been used to refer broadly
to the ability to select, sustain, filter, or optimize information processing (e.g., Ridderinkhof,
van den Wildenberg, Segalowitz, & Carter, 2004), regulate and reconcile our goals and
actions (e.g., Aarts, Roelofs, & van Turennout, 2008), and monitor and resolve conflicts
(e.g., Posner & Rothbart, 2007), interference control refers to the specific ability to select
information from competing sources to minimize interference or conflict (e.g., Aarts et al.,
2008; Fan, Flombaum, McCandliss, Thomas, & Posner, 2003; Levin, Hanten, & Li, 2009).
Thus, a better understanding of the neural substrates of interference control has the potential
to inform our understanding of one of the core deficits arising from TBI in childhood and
adolescence.

Extant studies using functional magnetic resonance imaging (fMRI) to examine EF and TBI
have focused largely on adults (e.g., Chen, Johnston, Collie, McCroy, & Ptito, 2007; Mayer
etal., 2009; McAllister et al., 1999, 2001; Newsome, Scheibel, Steinberg, et al., 2007,
Scheibel et al., 2007, 2009; Smits et al., 2009), with many focusing on working memory as a
domain of interest. A few fMRI studies have examined attention and working memory
functions in pediatric TBI but did not focus on interference control (e.g., Kramer, Chiu,
Shear, & Wade, 2009; Kramer et al., 2008; Newsome, Scheibel, Hunter, et al., 2007;
Newsome et al., 2008). Scheibel and colleagues (2007, 2009) investigated interference
control in adults with TBI at 3 months post-injury using a stimulus response compatibility
task. In this task, participants pressed keys on the side indicated by the direction of arrows
on the screen (neutral) or on the side opposite to that indicated by the arrows (interference).
These authors reported higher levels of inhibition-related activation (i.e., incompatible
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minus compatible) in adults with TBI relative to adults with orthopedic injuries (Ol) across
an extensive range of brain regions including the left precentral gyrus, midline cingulate
region, medial frontal, middle frontal, and superior frontal gyri bilaterally. Participants with
more severe TBI had higher levels of activation than those with milder injuries or Ol.
Higher levels of activation were reported to be associated with higher levels of task
performance in the incompatible condition in participants with TBI (e.g., Scheibel et al.,
2009). Smits and colleagues (2009) studied interference control in healthy controls and in
adult patients (age 18-50) who suffered minor head injuries, as defined by GCS scores of
13-15 with accompanying post-concussive symptoms, approximately 1 month post-injury
using the Counting Stroop task developed by Bush and colleagues (1998, 1999). In this task,
participants were shown several words on screen and asked to count the number of words
and respond in two critical conditions. The words were non-number words (e.g., animal
names) in the Neutral condition, whereas in the Interference condition, there were number
names that mismatched the number of words on screen (e.g., “four four” or “two two two
two™). For the Interference minus Neutral contrast, Smits and colleagues observed overall
activation broadly in lateral prefrontal areas (including superior, middle, and inferior frontal
gyrus) with rightward bias, medial superior frontal gyrus, right inferior and superior parietal
lobules, and other posterior parietal areas. In addition, activation levels in the insula, inferior
frontal gyrus, pre- and post-central gyrus on the left, as well as posterior parietal cortex,
anterior cingulate, and posterior cingulate bilaterally were associated with the number of
self-reported post-concussion symptoms (with control =0 symptoms), with higher activation
levels corresponding to greater numbers of post-concussion symptoms.

The current study sought to examine the neural substrates associated with interference
control in adolescents with complicated mild to severe TBI relative to a cohort of age and
sex-matched healthy controls. Consistent with Scheibel and colleagues (2007), we
hypothesized that adolescents with and without TBI would activate similar frontal and
parietal regions when engaging interference control processes during the Interference
condition to a greater extent than during the Neutral condition, but that the adolescents with
TBI would demonstrate greater activation of brain regions supporting interference control
compared to controls.

METHODS

Participants

Participants with TBI, who were in ongoing behavioral intervention studies, were identified
as eligible for participation based on current age and time since injury. All adolescent
participants with TBI were required to have sustained a TBI requiring overnight
hospitalization with a lowest Glasgow Coma Scale score of <12, or a GCS of 13-15
accompanied by abnormalities on imaging. Functional imaging was conducted =12 months
post-injury because we were interested in the longer-term effects of TBI on developing brain
networks during adolescence. Eighteen consented to be enrolled in the study, but 1 was
unable to be scheduled during the period of the study, 1 declined to complete the scan, 3
were excluded due to metal in their bodies, and 2 were excluded due to excessive motion
(>3 mm, see fMRI method below), leaving a total of 11 participants (mean age, 15.7 years;
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range, 12-16 years) with usable fMRI data. A typically developing comparison cohort of 15
adolescents (TC group) matched with the TBI group on sex, handedness, and race/ethnicity,
were recruited through an institutional review board-approved electronic notice to
employees of a large, urban hospital. Individuals who expressed interest in participation
were screened for eligibility and matched to the adolescents with TBI until 15 eligible
healthy adolescents consented to participate. Of this group of 15, 2 had excessive motion
during the fMRI session under the same criterion, 1 declined to finish a scan, and Counting
Stroop data for 1 participant was lost due to equipment malfunction, leaving 11 participants
(mean age, 15.2 years; range, 12—16 years), with usable fMRI data. Eligibility criteria for
both groups included English as the primary language spoken in the home. Adolescents
were excluded if they had a diagnosis of significant developmental disability (i.e., placement
in a special classroom and 1Q <70), significant psychiatric/behavioral disturbances (e.g.,
bipolar, major depression, autism), or extreme vision and hearing deficits. Additional
exclusion criteria for the control group included any prior diagnosis of a neurological
disorder or any indications of a history of TBI. Both the intervention project and the current
imaging study were approved by the Institutional Review Board. Thus, a total of 33
participants completed informed consent to participate in the study, 28 were assessed and
provided behavioral data, and 22 (67%) yielded behavioral and usable fMRI data. Those
with usable fMRI data did not differ from others who were excluded in terms of age, 1Q,
injury severity, or self- or parent-report of EF skills.

After informed consent was obtained, adolescents completed a brief neuropsychological
battery including an abbreviated assessment of intelligence and measures of various aspects
of EF. Participants then completed several fMRI tasks including the Counting Stroop,
described in the present report.

Cognitive and behavioral functioning—Receptive vocabulary was assessed using the
Peabody Picture Vocabulary Test-Fourth Edition (PPVT-1V, Dunn & Dunn, 2007). Single
word reading skills, which have been used as a proxy for pre-injury cognitive status (Orme,
Johnstone, Hanks, & Novack, 2004), were measured using the Wide Range Achievement
Test-Fourth Edition (WRAT-4, Wilkinson & Robertson, 2006). The Working Memory
(WM) and Processing Speed (PS) Indices from the Wechsler Intelligence Scale for
Children-Fourth Edition (WISC-1V, Wechsler, 2003) were administered to assess domains
of EF known to be vulnerable to TBI. Interference control was assessed using the Color-
Word Interference Test of the Delis-Kaplan Executive Function System (D-KEFS, Delis,
Kaplan, & Kramer, 2001). In this Stroop-like task, the participant is presented with a color
word that is printed in a font color that is different from the word and asked to name the
color of the font. Parents and adolescents completed the Behavior Rating Inventory of
Executive Function (BRIEF, Gioia, Isquith, & Guy, 2000) and BRIEF-self report (BRIEF-
SR, Guy, Isquith, & Gioia, 2004), respectively.

Stimuli and behavioral tasks used for fMRI—In the variant of the Counting Stroop
Task used in the present study (cf. Bush et al., 1998, 1999), one to four identical words were
presented in a vertical column on the screen on each trial of 1.5 s. Participants were asked to
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note the number of words that appeared on the screen and press one of four corresponding
response buttons on a button box. For example, if the word appeared four times on the
screen, the correct response would be “4.” The Interference condition contained all number
words (i.e., “one,” “two,” “three,” or “four”), with each appearing 2 to 5 times in each block
in a random manner. The Neutral condition contained names of common animals (i.e.,
“dog,” “cat,” “mouse,” or “bird”), again each appearing 2 to 5 times in each block in a
random manner. The two conditions were balanced for the number and length of the words.
There were fourteen trials in each of the two conditions. Additionally, we also included a
third, baseline fixation condition. In this condition, participants were asked to monitor a row
of “+” signs presented at the center of the screen, and the number of “+” signs on screen
changed every 2 s (randomly from two to six “+” signs). The baseline condition was
included for the following reasons. First, if the interference control comparison (Interference
minus Neutral) turned out to be non-significant or sub-threshold in either group, a baseline
condition may allow us to check whether the effect was genuine or whether it was due to
equipment failure, subject non-compliance, or the presence of other artifacts. Second, if a
group difference in the interference control comparison was observed (as in Smits et al.,
2009), it might have been difficult to interpret, without a baseline condition, because this
between-group difference might have been due to different levels of activation in the Neutral
condition (relative to some baseline state) across groups. Thus, a baseline condition was
selected that would engage attention to stimuli and interference control as little as possible
to accentuate its difference from the Neutral and Interference conditions. Participants were
given one example of each condition during a pre-scan training session, and all indicated
understanding of the instructions. No further training was provided. Video and audio
monitoring were used to observe whether there were any problems during the administration
of the task and track whether participants appeared to be responding appropriately. Stimulus
administration and response logging was accomplished using the experimental software E-
Prime with magnet compatible goggles and a response system.

fMRI data acquisition and analyses—MR scanning was performed on a 3 Tesla
Philips Achieva MR scanner. A T2*-weighted, gradient-echo EPI sequence was used for
fMRI scans (repetition time/echo time [TR/ TE] =2000/30 ms, field of view [FOV] =240 x
240 mm, matrix =80 x 80, slice thickness =4 mm, flip angle =90°). Forty-one slices were
acquired at 210 time points for a total imaging time of 432 s, beginning with a 12 s (6
volumes) fixation period to allow for T1 relaxation effects that were subsequently discarded
before statistical post-processing of the fMRI data. Functional imaging time consisted of six
cycles, each 66-s long with fixation periods of 12 s and condition periods of 21 s alternating
with one another (i.e., fixation-neutral-fixation-interference). A T1-weighted, three-
dimensional (3D) MPRAGE whole brain scan was also obtained for anatomical co-
registration (TR/TE =8.2/3.7 ms, FOV =25 cm x 25 cm, matrix =256 x 256, slice thickness
=1 mm, scan time =355 s) before the functional scans.

Following Schmithorst and Holland (2007), fMRI image post-processing was accomplished
using in-house software written in IDL™ (ITT visual information solutions). The
reconstructed EPI data were corrected for drift using quadratic baseline correction on a
pixel-by-pixel basis (Hu, Le, Parrish, & Erhard, 1995; Le & Hu, 1996), co-registered to the
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reference volume to reduce the effects of motion artifacts using a pyramid iterative
algorithm (Thevenaz, Ruttimann, & Unser, 1998), and transformed into Talairach
coordinates using landmarks (anterior commissure, posterior commissure, inter-hemispheric
plane, and bounding volume) obtained from the T1-weighted anatomic images (Talairach &
Tournoux, 1988) using a linear affine transformation shown previously to be valid for
individuals 5 to 18 years of age (Muzik & Chugani, 2000; Wilke, Schmithorst, & Holland,
2002). During the co-registration procedure, which produced one point-estimate of
movement in 3-D space per time point, excessive motion was defined as a median voxel
displacement of 3 mm. The fMRI data from four participants were deemed to show
excessive motion for >10% of the EPI data set from Counting Stroop and were subsequently
discarded. This cutoff was selected to allow for inclusion of as many data sets as possible,
while excluding poor data that were unusable even after motion correction. Once subjects
who exceeded criteria for excessive movement were excluded, the TBI and TC group did
not differ in mean movement, median movement, and proportion of time points where
movement exceeded 3 mm, all ps >.11.

For each participant, Pearson’s partial correlation analyses were computed on a voxel-wise
basis between EPI data and task reference functions corresponding to the Neutral (21 s),
Interference (21 s), and Control (12 +12 =24 s) conditions, using the motion correction
parameter as a covariate. All task reference functions were box-car convolved with a
canonical hemodynamic response function. A 6-s delay was applied to the reference
function to allow for the canonical hemodynamic response to peak. Correlation coefficients
were then transformed into Z-score maps using Fisher’s Z-transformation. Group level
random effects analyses were performed on these Z-maps from individual participants in the
context of the general linear model (GLM). A post-processing filter (full-width, half
maximum [FWHM] =8 mm) was then applied before significant regions of activation on a
voxel-by-voxel basis were identified (Worsley & Friston, 1995), generating statistical
parameter maps. A clustering threshold of 100 contiguous voxels (corresponding to 3600
mL of brain tissue in the Talairach space) was used unless otherwise stated (Xiong, Gao,
Lancaster, & Fox, 1995) to improve visualization of the parameter maps and to reduce the
severity of the corrections that were made for multiple comparisons. Based on the method of
Ledberg, Akerman, and Roland (1998), Monte Carlo simulations were used to estimate
corrected p values and performed in the following manner. The spatial autocorrelations
present in the fit residuals were used to estimate the intrinsic smoothness in the data. “Null”
activation maps were generated from spatially auto-correlated Gaussian noise generated
using the previously found smoothness estimates and post-processing parameters (e.g.,
threshold intensity, cluster size, and exogenous spatial filtering). The simulations were
repeated, and the corrected p values estimated by computing the proportion of null maps
with spurious activated clusters detected. Monte-Carlo simulation was performed to assure p
<.001 after adjusting for multiple comparisons. For each cluster, the Talairach coordinates of
the pixel that showed the maximum Z-value before filtering (i.e., the maxima) is reported
here.
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Group Comparisons on Demographic, Cognitive, and Behavioral Data

Table 1 provides the demographic, cognitive, and behavioral data for the 22 adolescents
with usable fMRI data. The mean Glasgow Coma Scale score for the TBI group was 12.6
(SD =3.6). Eight of 11 children had complicated mild TBI characterized by GCS scores of
13-15 with abnormal imaging. The other three children (1 severe) had GCS scores of <13
with no abnormalities on clinical CT or MRI at the time of injury. The average time since
injury was 1.8 years (SD =0.45). The groups were comparable with respect to age, family
income, race/ethnicity, sex, and handedness. Adolescents in the TC group showed
numerically better performance on the WRAT and PPVT than the adolescents with TBI
(with effect sizes indexed by Cohen’s d =0.68 and 0.41, respectively), but this difference did
not reach statistical significance (both ps >.10). There were also no significant group
differences on the WISC PSI and WMI, although effect size for WISC WMI (Cohen’s d
=0.68) was in the medium range. Groups were also comparable on the D-KEFS Color-Word
Inhibit task. Adolescents with TBI had significantly higher levels of parent-rated executive
dysfunction (i.e., on the BRIEF) than did the TC group, although means in both groups were
within the normal range. Parents of adolescents with TBI rated their children as having
significantly greater difficulties with shifting from one task to another, behavior regulation,
and meta-cognition than the TC group, all ps <.05.

Counting Stroop: Behavioral and fMRI results

Performance data for the Counting Stroop task were recorded during the fMRI scan. All but
one participant showed higher accuracy and faster median reaction time in the Neutral
condition than the Interference condition. Mean accuracy for participants with TBI was not
significantly lower than that for participants in the TC group, all ps >.11. Median reaction
time (RT) calculated for each participant, excluding data from all error trials, showed that
adolescents with TBI were slower than those in the TC group in the Neutral condition, t(20)
=2.08, p =.05, but not in the Interference condition, t(20) =1.59, p >.13. Focusing on
interference control, defined as the difference between the Neutral and the Interference
conditions, the two groups were well matched and not different in RT Difference (79 ms for
the TBI group and 86 ms for the TC group) or in Accuracy Difference (10.4% for the TBI
group and 9.3% for the TC group), both ps>.7 and Cohen’s d <0.17. Note that the
magnitude of the interference control effects in RT and accuracy were numerically larger
than has been demonstrated in studies of adults (range of RT Diff. =29 to 46 +ms, see Bush
et al., 2003; range of Accuracy Diff. =0 to 3%, see Bush et al., 1998, 1999).

Figure 1 presents the composite Z-score map of brain regions that were significantly more
active during the Interference condition compared to the Neutral condition in the entire
sample of 22 participants. Predominantly bilateral activation was seen in broad extent of the
brain. These include dorsal as well as ventrolateral prefrontal cortices, anterior cingulate,
posterior parietal cortex, inferior and middle temporal gyri, lingual and fusiform gyrus,
cerebellum, and other occipital regions. Group-related differences in brain activity were
computed on a voxel-wise basis and are displayed in Figure 2 with the Talairach coordinate
of the centroids of significant differences listed in Table 2. Participants in the TBI group had
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higher levels of interference-control related activation relative to the TC group in frontal and
parietal areas including the right middle frontal gyrus (MFG, Brodmann area [BA] 6),
medial frontal areas including dorsal anterior cingulate (BA 32) and frontal cortex (BA 8),
and right dorsolateral prefrontal cortex (BA 9). Activation differences were also seen in the
right parietal areas including the superior (BA 7) and inferior (BA 40) parietal lobule. There
were no areas in which participants in the TC group demonstrated greater inhibition-related
activation than participants in the TBI group.

Given that the imaging findings showed that the TBI group had a larger difference in the
Interference minus Neutral contrast than the TC group, whereas the groups were largely
comparable on measures (both RT diff. and Accuracy diff) indexing interference control
(Interference minus Neutral) on the Stroop task, it is possible that the between-group
difference in imaging might have arisen from between-group differences in the Neutral
condition (relative to baseline). We, therefore, repeated the above analyses with the Neutral
minus Fixation Baseline contrast. At the same nominal thresholds (i.e., Z =8.0, cluster size
=100), no activation differences between groups were detected anywhere. Only when the
nominal threshold was made much less stringent (i.e., to Z =4.0, cluster size =50) was there
a trend toward a larger Neutral minus Baseline contrast in the TC group than the TBI group,
but the few scattered foci were found around the left parietal areas (BA 7 and 40), the
cerebellum, and left dorsolateral prefrontal areas; none of these areas overlapped with the
ones identified in Figure 2. At this more lenient threshold, there were no areas in which the
TBI group showed a larger Neutral minus Baseline difference than the TC group. Thus,
imaging data did not provide support for the notion that group differences in the interference
control contrast was due solely to differences in the Neutral minus Baseline Fixation
contrast.

DISCUSSION

The findings from this study are consistent with our hypotheses that adolescents with TBI
would activate similar networks of brain regions during the Counting Stroop task relative to
typically developing controls, but would demonstrate stronger activation of brain regions
supporting inhibition. The regions with higher levels of activation in the TBI group are in
the frontal and parietal cortices (including BA 6, 8, 32, 7, 9, & 40) and right-lateralized and
belong to the overall neural network that supports interference control more broadly (Figure
1). Our findings are consistent with extant studies that observed higher levels of activation in
adults with TBI relative to controls (either healthy adults or adults with less severe TBI)
when they engage in interference control in similar frontal and parietal areas (Scheibel et al.,
2007, 2009; Smits et al., 2009).

It is particularly noteworthy that this altered neural activation pattern persists in our sample
of adolescents with TBI despite their participation in ongoing behavioral intervention,
relatively normal level of performance on the interference control task, and at least 12
months post-injury. Whether the observation of increased activation is specific to
adolescents with complicated mild TBI remains to be determined, since the adults with TBI
with GCS in the mild range in Smits and colleagues (2009) were studied only 1-month post-
injury. It should also be noted that other fMRI studies in adults with TBI have reported a
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more complicated relationship between levels of brain activation and injury status or
severity that may vary depending on task difficulty or time since injury. For example, fMRI
studies have also reported higher or lower levels (or even absence) of activation in brain
regions in adults with TBI relative to controls in working memory tasks that depended for
instance on working memory load (e.g., Chen et al., 2004; McAllister et al., 1999, 2001). In
addition, brain activation in right superior frontal areas initially showed a reduced level of
activation in adults with TBI compared to healthy controls, but activation increased in this
area over a 6-month period such that the between-group differences were much reduced
(e.g., Sanchez-Carrion et al., 2008).

The current study demonstrates the feasibility of assessing interference control with fMRI in
adolescents following TBI using healthy adolescents as controls. The adolescents with TBI
successfully completed the scanning protocol and were largely equivalent to healthy controls
on task performance with minimal training before scanning, as well as on most demographic
measures. In conjunction with other studies using healthy controls (e.g., Smits et al., 2009),
the results provide preliminary evidence that the altered pattern of brain activation in
individuals with TBI may not be limited to cases where Ol participants were used as a
comparison standard (e.g., Scheibel et al., 2007, 2009). In the current study, we focused on
examining interference control in adolescents with TBI within a relatively restricted range of
age and 1Q that was generally comparable to the healthy controls. Future investigations
using a more diverse sample with a broad GCS range could also examine the relationship
between GCS and brain activation in children as has been done for adults with TBI.

Care must be taken in generalizing from the current findings given the small and
heterogeneous nature of the sample of adolescents with TBI. All but three children with TBI
had injuries that would be termed complicated mild. Moreover, although most measures of
cognitive performance fell within the average range overall, they exhibit considerable
variability across participants, which was not directly examined in the current study. The
effect size estimates (Cohen’s d) for some neuropsychological and behavioral measures,
including estimates of overall cognitive ability, were indicated in the “moderate” to “large”
range numerically, which suggests that statistically significant differences between groups
may emerge with a larger sample size. The small sample size and the issue of insufficient
statistical power clearly limit the generalizability of results from the present preliminary
study to the broader population.

Future research is needed to determine the neural substrates of inhibition and cognitive
control in children with more significant cognitive and behavioral impairment following
TBI. Additionally, the current study examined only one aspect of inhibition at a single point
in time during the chronic phase of recovery. Additional studies will be required to
understand the neural substrates of other aspects of inhibition and related executive
functions, whether the process of recovery results in neural remodeling over time, and how
neural functioning relates to functional outcomes. Nonetheless, this study provides
important new information about neural differences in the network subserving interference
control and inhibition following TBI in adolescence.
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Fig. 1.
Brain activation map for the Interference Control comparison across the entire group of

participants. Only positive activation foci (Interference >Neutral) are shown here. Images
are horizontal slices 4 mm apart and start at Z=—29 mm (top left) to Z =+63 mm (bottom
right). Images are in radiological convention: left side of the images corresponds to the right
hemisphere. Image parameters are as follows: nominal Z threshold =10.0, cluster size =100,
corrected p <.001 for multiple comparisons.
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Fig. 2.
Group difference map in the Interference Control comparison. The traumatic brain injury

(TBI) group had significantly higher levels of activation in multiple brain regions relative to
the typically developing control participants (TC) group (warm color). The TC group had no
regions with higher levels of activation than the TBI group. Nominal Z threshold =8.0,
cluster size =100, corrected p <.001 for multiple comparisons.
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