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Introduction
• Links between internalizing behaviors and brain structure have been
documented in clinical populations of all ages (e.g., Busso et al.,
2017; Li, Xu, & Lu, 2018; Lu et al., 2018; Ma et al., 2012; Tu et al.,
2012)
• History of child abuse has been associated with reduced cortical
thickness in the middle temporal gyrus in school-age children
(Busso et al., 2017).
• The medial temporal lobe may contribute to the
pathophysiology of internalizing psychopathology via its role in
emotion processing or regulation (Busso et al., 2017).
• History of maltreatment has been associated with reduced volume
in amygdala and hippocampus 9-15 year old children (Hanson et
al., 2015).
• However, whether these same associations are present in typically
developing children is lacking.
• Purpose: Examine relations between the middle temporal gyrus,
hippocampus, and amygdala with subclinical levels of internalizing
behaviors in children ages 4-8 years.

Take-Home Message

Structural MRI Data
• A T1-weighted structural MRI scan (.9 mm3) was obtained using a
Siemens 3T scanner with a 32-channel coil.
• Hippocampal volumes were extracted via Freesurfer v5.1 and
adjusted using Automated Segmentation Adapter Tool (Fischl,
2012; Wang et al., 2011).Volumes were adjusted for intracranial
volume (ICV).
• Cortical thickness was calculated by measuring the distance from
the gray and white matter boundary to the pial boundary (Fischl &
Dale, 2000). The Desikan-Killiany Atlas was used for cortical
parcellation (Desikan et al., 2006).
• ICV was used as a covariate.

Results suggest that internalizing behaviors are
related to decreased cortical thickness in the right
middle temporal gyrus in a typically developing
sample of young children.

Results: Right Middle Temporal Gyrus
Figure 2. Higher internalizing behavior scores were related to
decreased cortical thickness of the right middle temporal gyrus
when controlling for age and ICV, r(150) = -.218, p = .007.

References

0.45

• Busso, D., McLaughlin, K., Brueck, S., Peverill, M., Gold, A., & Sheridan, M. (2017). Journal of the American Academy of
Child & Adolescent Psychiatry. 56(4), 321–328. https://doi.org/10.1097/CCM.0b013e31823da96d.Hydrogen
• Desikan, R. S., Ségonne, F., Fischl, B., Quinn, B. T., Dickerson, B. C., Blacker, D., … Killiany, R. J. (2006). An automated
labeling system for subdividing the human cerebral cortex on MRI scans into gyral based regions of interest. NeuroImage,
31(3), 968–980. https://doi.org/10.1016/j.neuroimage.2006.01.021
• Fischl, B, & Dale, A. M. (2000). Measuring the thickness of the human cerebral cortex from magnetic resonance images.
PNAS, 97(20), 11050–11055. https://doi.org/10.1073/pnas.200033797
• Fischl, Bruce. (2012). FreeSurfer. NeuroImage, 62(2), 774–781. https://doi.org/10.1016/j.neuroimage.2012.01.021.FreeSurfer
*
• Hanson, J., Nacewicz, B., Sutterer, M., Cayo, A., Schaefer, S., 1.
Rudolph,
K., … Davidson, R. (2015). Behavior Problems After
Early Life Stress: Contributions of the Hippocampus and Amygdala. 77(4), 314–323. https://doi.org/10.1038/jid.2014.371
• Li, M., Xu, H., & Lu, S. (2018). Neural Basis of Depression Related to a Dominant Right Hemisphere: A Resting-State fMRI
Study. Behavioural Neurology, 1–10. https://doi.org/10.1155/2018/5024520
• Lu, X. W., Guo, H., Sun, J. R., Dong, Q. L., Zhao, F. T., Liao, X. H., … Li, L. J. (2018). A shared effect of paroxetine treatment
on gray matter volume in depressive patients with and without childhood maltreatment: A voxel-based morphometry study.
CNS Neuroscience and Therapeutics, 24(11), 1073–1083. https://doi.org/10.1111/cns.13055
• Ma, C., Ding, J., Li, J., Guo, W., Long, Z., Liu, F., … Chen, H. (2012). Resting-State Functional Connectivity Bias of Middle
Temporal Gyrus and Caudate with Altered Gray Matter Volume in Major Depression. PLoS ONE, 7(9), 1–8.
https://doi.org/10.1371/journal.pone.0045263
• Tu, P. C., Chen, L. F., Hsieh, J. C., Bai, Y. M., Li, C. T., & Su, T. P. (2012). Regional cortical thinning in patients with major
depressive disorder: A surface-based morphometry study. Psychiatry Research - Neuroimaging, 202(3), 206–213.
https://doi.org/10.1016/j.pscychresns.2011.07.011
• Wang, H., Das, S., Suh, J. W., Altinay, M., Pluta, J., Craige, C., … Alzheimer’s Disease Neuroimaging Initiative. (2011). A
Learning-based Wrapper Method to Correct Systematic Errors in Automatic Image Segmentation. NeuroImage, 55(3), 968–
985. https://doi.org/10.1016/j.neuroimage.2011.01.006.A

0.25

Right Middle Temporal Gyrus Thickness

Child-Behavior Checklist (CBCL) Ages 1.5-5 and 6-18 years
• Participant parents filled out the age appropriate version of the
internalizing and externalizing symptom scale.
• Scores were averaged out of total possible points to create a
normalized score across the two different questionnaires.

• Results suggest relations between internalizing behaviors and
the right middle temporal gyrus may exist even at sub-clinical
levels.
• This study is one of the first to examine relations between
brain regions and internalizing symptoms in a typically
developing population.
• Lack of associations between the hippocampus, amygdala, and
internalizing behaviors may suggest that the relation between
these factors may only exist in clinical populations.
• Future work will explore additional brain regions and will seek
to replicate these findings in additional typically-developing
samples.

Figure 1. Lateral view of the middle temporal region.

Methods
Participants
• 200 children, 4-8 years (Mage= 6.21 years, SD=0.107) participated
as part of a larger longitudinal study examining the development
of memory.
• 156 children provided useable questionnaire and neuroimaging
data for the present analyses.

Discussion

Middle Temporal Region
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There were no associations with the hippocampus and/or amygdala, ps
> .136.

For questions or comments, please contact: aewell1@umd.edu.
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