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Tools for structural and functional neuroimaging
� Application of these tools following radiation exposures (with examples)

� Opportunities and challenges to use these techniques in low dose 
radiation exposures.

� Views on research priorities



Understanding effects of low dose radiation 
requires linking radiation to brain aberrations as 

they relate to behavioral domains
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THE NEUROIMAGING REVOLUTION

STRUCTURAL
X-ray CT 
MRI
• Volumetric
• Structural Connectivity (DWI/DTI)
• Spectroscopy

FUNCTIONAL
PET
• Cerebral glucose metabolism
• Cerebral oxygen metabolism
• Cerebral blood flow
• Receptor availability

Functional MRI (fMRI)
• BOLD fMRI

• Task Activated 
• Resting State Functional Connectivity

• ASL Quantitative CBF

Neuroimaging made available a plethora of tools for studying brain structure and function 



Clockwise from bottom left, images from: 
www.robinsonimaging.org/TICK_photos/online_tour/Pet2.jpg
www.griffwason.com/pet_scanner.htm, and img2.timeinc.net/health/images/health-
news/positron-emission-tomography-200.jpg (accessed 12/4/09).
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Positron Emission Tomography (PET)

http://www.robinsonimaging.org/TICK_photos/online_tour/Pet2.jpg
http://www.griffwason.com/pet_scanner.htm
http://www.img2.timeinc.net/health/images/health-news/positron-emission-tomography-200.jpg


PET IMAGES OF MR. XX’S BRAIN. 
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Figure 3: PET region-whole brain ratio (R/WB) results for cerebral metabolic rates for glucose (CMRgl) in 
Mr. Noonkester. Results are expressed as Z-scores relative to a comparison group of healthy people.
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Clockwise from bottom left, images from: 
lcni.uoregon.edu/images/gallery/Machine1500x375.png,
www.griffwason.com/mri_scanner1.htm, and 
biologybiozine.com/images/tech_09.jpg (accessed 12/4/09).
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Magnetic Resonance Imaging (MRI)

http://lcni.uoregon.edu/images/gallery/Machine1500x375.png
http://www.griffwason.com/mri_scanner1.htm
http://biologybiozine.com/images/tech_09.jpg


MRI Segmentation

GM

WM

CSF

Gur et al., J Neurosci 1999 



Matsuzawa et al., Cerebral Cortex, 2001

Neuroanatomic 
measures in 
healthy 
development



Regions of Interest
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Neurologic convention
Pt. Left is on left

Courtesy Christos Davatzikos
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MR. XX RESULTS
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Figure 1: Volumetric analysis of Mr. Noonkester's MRI. 
Volumes are expressed as absolute z-scores (SDs from the 
mean) relative to healthy individuals.
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MRI Protocol - Overview

T1-weighted structural (3:28) Diffusion Tensor imaging (10:56)

fMRI: Fractal n-Back (11:39)fMRI: Emotion Identification (10:36) fMRI: Resting State (6:18)

ASL Perfusion (5:32)

Total scan time : 50 minutes 
Satterthwaite et al., Neuroimage 2013



Volume vs GMD

Gennatas et al., J Neurosci, 2017



SEX DIFFERENCES IN CONNECTIVITY

MALES

FEMALES

INTRA-HEMISPHERIC

INTER-HEMISPHERIC

Ingalhalikar et al., PNAS 2014



Sex Differences in age effects on CBF

Age

C
B

F

Anterior Insula

Satterthwaite et al., Proc Natl Acad Sci U S A. 2014 



MEN

WOMEN

.0001

.01

P .05

Functional MRI (fMRI)



BRAIN MAPPING WITH fMRI

IN-SCANNER validation of the 
Computerized Neurocognitive 
Battery

Roalf et al., Neuropsychology, 2014

Penn-Pitt collaborative study



The computerized 
battery: Illustration of 
test stimuli 
Gur et al., J Neurosci Meth, 2010
Gur et al., Neuropsychology, 2012
Gur et al., JAMA Psychiatry, 2014
Moore et al., Neuropsychology 2014



PHENOTYPING

Clinical 
Assessment:
GOASSESS

Computerized 
Neurocognitive 
Battery (CNB)

Neuroimaging:
sMRI, DTI, fMRI,ASL

CAG EMR

Center for Applied Genomics



Multimodal 
brain 
parameters 
related to 
performance

Gur et al. Cer Cor 2020



Network of parieto-frontal and limbic regions related to complex cognition 
performance across  structural and functional parameters



Example of structural and functional neuroimaging application to study effects of low dose exposure

Multiple studies in rodents identify a 
network of limbic and frontal regions 
affected by low dose radiation and 
related to corresponding behavioral 
deficits



Example of structural and functional neuroimaging application to study effects of low dose exposure

Few examples in humans



25Nichelli & Casagranda, Curr Op Oncol, 2021



Volumetric Differences Between Patients and Controls

Verma et al. JAMA, 2019

Example of structural and 
functional neuroimaging 
application to study effects of low 
dose exposure



Differences in Tissue Microstructural Integrity in the Cerebrum

Verma et al. JAMA, 2019



Comparisons of Visuospatial Subnetwork Functional Connectivity Between Patients 
and Controls

Verma et al. JAMA, 2019



� Opportunities and challenges to use these techniques in low dose radiation 
exposures

OPPORTUNITIES
• Large international databases already exist with multimodal neuroimaging and 

neurocognitive data that can be related to probability of exposure to low dose 
radiation

• Tools are available to design and implement prospective and longitudinal large-
scale studies in targeted populations such as pilots and air crews, radiation 
technologists, astronauts and astronaut analogues (in progress by NASA)

CHALLENGES
• Overcoming the clinical/research divide and facilitating incorporation of 

multimodal clinical data
• Finding the resources to implement data mining and collection of new data

� Views on research priorities

• Invest in data mining of available relevant datasets
• Design and implement large-scale prospective and longitudinal neuroimaging 

studies in targeted populations
• Given the wealth of data on rodent models, design and validate analogous 

behavioral measures to enhance translational value



Bethlehem et al. 2021, Under consideration






