
Neuroimaging Correlates of Parent Reported Executive Dysfunction Following Pediatric 
Traumatic Brain Injury or Orthopedic Injury: A Preliminary Investigation  
Adam T. Schmidt, Ph.D., Elisabeth A. Wilde, Ph.D., Kimberley D. Orsten, M.Sc., Xiaoqi Li, M.S., 

 & Harvey S. Levin, Ph.D. 

INTRODUCTION 

Traumatic brain injury (TBI) is a significant cause of mortality and morbidity in young children 
and adolescents 1. 

In addition to various cognitive, behavioral, and social deficits, children who sustain a TBI 
frequently exhibit significant executive dysfunction 2. 

Studies demonstrate executive deficits on standard laboratory measures 2, 3, as well as on more 
“ecologically valid” parent measures of executive functioning 4-6.  

Additionally, TBI often results in volume loss in various brain regions especially frontal lobes, 
subcortical areas such as the basal ganglia and hippocampus, and major fiber bundles such as 

the corpus callosum and anterior commissure 7-12.  

Previous studies demonstrate that parent reported executive abilities as measured by scores on 
the Behavior Rating Inventory of Executive Function (BRIEF) are related to frontal brain 

volumes in typically developing children 13.  

The aim of the current study was to examine the relationship between gray and white matter 
volumes in various frontal lobe regions acquired at 3 months post-injury (PI) with parent 

reported scores on the BRIEF 3 months and 1 year following pediatric TBI or orthopedic injury 
(OI).  

TBI 
•  N = 40 
•  Moderate to severe TBI = Glasgow Coma 
Scale   (GCS)14 scores of 9 to 12 OR GCS 
scores of 13 to 15 with brain lesions 
indicated by CT scans.  
•  Severe TBI = GCS scores of 3 to 8.  
•  English speaking 
•  No previous hospitalization for head injury or 
diagnosis of a developmental disability 

OI 

•  N = 43 
•  Mild to moderate orthopedic injuries as 
defined by the Abbreviated Injury Scale 15.  
•  English-speaking 
•  No previous hospitalization for head injury or 
diagnosis of a developmental disability. 

•  The BRIEF is a parent report measure that assesses behavioral manifestations of 
executive functioning. It yields a broad measure of overall executive abilities (i.e., 
General Executive Composite [GEC]) and two more focused index scores (the 
Metacognitive Index [MI] and the Behavior Regulation Index [BRI]). Internal 
consistency coefficients range from 0.80 to 0.98. Mean test-retest reliability across the 
individual scales is 0.81. 

Behavior Rating Inventory of Executive Function (BRIEF) 4 

T1-weighted 3D sagittal 
acquisition series were 
performed on Philips 
Intera 1.5T whole body 
scanners (Philips, 
Cleveland, OH).  

Parameters included 
1.0-mm-thick slices; 
0mm slice gaps; 
TE=4.6ms/TR=15ms; 
FOV=256/RFOV=100%; 
Reconstructed voxel size 
M/P/S (mm)=1.0/1.0/1.0. 

MRI 
Acquisition:  

MRI Post-processing:  

Cortical reconstruction and volumetric segmentation were performed with the 
FreeSurfer image analysis suite 16.  

Results for each subject were visually inspected using the FreeSurfer toolkit at 
multiple points in the analysis stream to ensure accuracy of registration, skull 
stripping, segmentation, and cortical surface reconstruction. Manual editing was 

performed to optimize accuracy.  

To reduce the number of analyses and to highlight brain regions relevant to the 
Aims, we combined volumes of cortical subregions generated by FreeSurfer to 
create cortical composite areas including 1) total frontal, 2) dorsolateral frontal, 3) 
orbitofrontal, 4) cingulate 5) corpus callosum. These composite areas are shown 

in Figure 1. 

Figure 1: Composite Volumetric Regions  
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DISCUSSION 

Results indicate that children with TBI demonstrated widespread differences in 
frontal volumes 3 months PI (when controlling for age). Some of the most 
striking differences included total frontal gray matter, left DLPFC gray matter, 

and total cingulate gray matter.   

Moreover, these data indicate significant differences in BRIEF index scores 
between groups at 3 months PI ; however, these differences dissipated at 12 
months PI ‒ a pattern indicative of behavioral recovery within the TBI group.  

When examining the relationship between brain volumes 3 months PI and 
BRIEF index scores at the same time point (data not shown in result section 
above), no significant relations existed for either group. Conversely, within the 
TBI group, brain volumes at 3 months PI were significantly negatively related 

to BRIEF index scores 12 months PI.  

Although we observed a number of significant correlations, gray matter volume 
of the left DLPFC in particular was strongly negatively related to all three 
BRIEF index scores (i.e., lower DLPFC volumes indicated more problems on 
the BRIEF) in the TBI group only. Similarly, BRIEF BRI demonstrated a 
relatively stronger relationship with brain volumes than either MI or GEC.  

It is curious that we did not find many differences in terms of white matter 
volume and/or relationship of white matter to BRIEF scores. It is possible that 
another technique such as DTI would have been more sensitive to white 

matter differences following TBI. Further, developmental level and mechanism 
of injury may both contribute to the impact of TBI on white matter integrity thus 

obscuring the current findings.  

It is also notable that we did not find significant relationships between BRIEF scores 
and brain volumes at 3 months while relationships emerged at 12 months PI. This, 
pattern in conjunction with the lack of significance between groups in BRIEF index 
scores at 12 months suggests that volumetric measures at 3 months PI may be 
indicative of cognitive or brain reserve within the TBI group. That is, individuals with 
greater volumes in certain frontal regions at 3 months PI may be at decreased risk 

for long-term behavioral sequela.  

Obviously, this explanation is speculative and would be strengthened by 
longer-term follow-up both with behavioral and imaging measures as well as 

with other imaging analyses (e.g., lesion analysis).  
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The relationship of left DLPFC gray matter volume at 3 months PI to BRIEF indices scores at 12 
months PI for the TBI group. 
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The relationship of total frontal gray matter volume at 3 months PI to BRIEF indices scores at 12 
months PI for the TBI group. 

The relationship of total cingulate gray matter volume at 3 months PI to BRIEF indices scores at 
12 months PI for the TBI group. 
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