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Objectives

• Introduce Imaging Modalities

• Illustrate Neurodevelopment with Magnetic Resonance 

Imaging (MRI)

• Introduce Advanced MRI Techniques

• Examples with Imaging of Environmental Exposures



Brain Composition

The brain is mostly water

– Content 92-95% in neonate, 82-85% in adult

• Gray Matter

– Neuronal cell bodies, glia, and capillaries

• White Matter

– Axons, myelin, oligodendrocytes

• Cerebrospinal Fluid (CSF)

– Water like substance that cushions the brain and also 
transports hormones and waste products



Brain Pathology and Injury

• Visually Detectable by Imaging

– Abnormal size, shape, composition, contrast
• Absence of a structure

• Malformation of a structure, a tissue

• Destruction of a structure, tissue
– Volume Loss, Degeneration, Demyelination

• Addition of a structure
– Cyst, Hemorrhage, Neoplasm

• Microscopic Level Becoming Quantifiable by Imaging

– Abnormal functional development
• Abnormal neurotransmission, circuitry, networks



Available Techniques

• Ionizing Radiation 

– X-Ray

– Computed Tomography (CT or CAT)

– Nuclear Medicine

• Positron Emission Tomography (PET)

• Single Photon Emission Computerized Tomography (SPECT)

Concerns

Without a clinical indication,

– Limited pediatric studies for research purposes

– Limited longitudinal analyses for research purposes

Source

Detector



Available Techniques

Ultrasound operates at sound wave frequencies 
from 20 kHz to 2 MHz.

Benefits

– Ultrasound reflects tissue reflectivity and velocity

– Ease of implementation, portable

– Relatively inexpensive

Concerns

– Limited signal penetration 

– Limited spatial coverage



Magnetic Resonance Imaging (MRI)



Concerns for MRI Usage

• While there are no biohazards, safety can be an issue

• Contraindications

• Motion

• Sedation

– Infants and children 

– Adults with claustrophobia for MRI

• Expensive

– Staffing, Device

• Fixed Location



Intrinsic Parameters: MRI

• Nuclear Spin Density: Hydrogen (water, fat) concentration

• Motion on the Molecular Scale: T1, T2 relaxion

• Motion on the Microscopic Scale: Diffusion, Perfusion

• Macroscopic Motion: Velocity, Flow, Acceleration, etc.

• Chemical Composition

• Chemical Exchange

• Temperature

• Mechanical Properties of Tissue 



Pediatric Radiology 2006, 36, 593-607

Brain Development - Visualized



Brain Development - Visualized
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Advanced Magnetic Resonance

• Volumetric and Surface Features

– High resolution anatomical Imaging 

• Microscopic volume

• Cortical thickness measures

– Specialized software 

• Perfusion 

– Endogenous contrast mechanism (Arterial Spin Labeling)

– Reveal blood flow, distribution and volume



Advanced Magnetic Resonance

• Functional Imaging of the Brain

– Perform a cognitive or motor task, detect localized paramagnetic changes from blood 

with rapid imaging

– Can also be performed as “resting state” without a task

– Reveal neuronal function associated with a given task

• Diffusion Imaging of the Brain

– Track the diffusion of water along fiber pathways using rapid imaging and strong 

gradients

– Reveal white matter tract organization in the brain

• Spectroscopy of the Brain

– Measure proton signals of amino acids in selected regions by suppressing water signals

– Discern pathology based upon the chemical profile



Orbital Computerized Tomography (CT)



High Field (3 Tesla) T1 weighted



High Field (3 Tesla) FLAIR



Functional MRI - Bilateral Finger Tapping



Diffusion Tensor Imaging



DTI and Post-Surgical Tract



Follow-up
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Radiology, 2006, 241, 510-517 

A, Healthy, 5 yr

B, Hypomyelination, 2 y

C, Demyelination, 6 y

D, Myelin Vacuolization, 11 y

E, Cystic Degeneration, 3 y





Prospective Research

• Cohort enrolled in epidemiological study

– Epidemiologists partner with imaging group

• Advanced, quantitative MRI techniques in protocol

• Image processing with epidemiology style statistical 

support

– Radiology imaging studies often compare disease group with 

healthy controls, limited confounders



Cincinnati Lead Study (CLS)

• Do low to moderate blood lead levels alter brain structure, 

organization or function?
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N = 157; Left, Gray Matter Loss* Adjusted for age at imaging and birth weight (gray matter); 

Right, White Matter Loss Adjusted for maternal IQ (white matter).

Volume Loss

PLoS Medicine 2008, 5(5),  e112*



fMRI Verb Generation

N= 42, Composite Z-map for brain activation associated with verb generation

Pediatrics 2006, 118, 971-977
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N= 42, Multivariate linear regression 

of brain activation associated with 

mean childhood blood lead levels 

adjusted for birth weight and 

marijuana use
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Diffusion Tensor Imaging

Neurotoxicology 2009, 30, 867-875
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