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DTI Applications
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Pattern 3: Invasion
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Pattern 4: Destruction
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Pilocytic Astrocytoma
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DTI in Autism



DTI in Autism

Regions of significant reduction in WM FA



DTI in Autism



DTI in Alcoholism



DTI in Alcoholism



DTI in Alcoholism



DTI in Alcoholism



DTI in Alcoholism



DTI in Alcoholism



DTI in Alcoholism
FA in binge drinkers

Binge drinkers lower than controls
McQueeny, et. al.



DTI in Marijuana Use

MJ<CMJ<C
LeftLeft  SLFSLF
dd==.08, 212 µl.08, 212 µl

MJ<CMJ<C
LeftLeft  post-centralpost-central
dd==.9,.9,  109 µl109 µl

MJ>CMJ>C
LeftLeft  occipitaloccipital
dd=1=1.0,.0,  95 µl95 µl

FA different in MJ users
Bava, et. al., in preparation



DTI in Aging



DTI in Aging



DTI in Aging



DTI in Aging



DTI in Aging



DTI in Aging



DTI and Connectivity



DTI and Connectivity



DTI and Connectivity



DTI and Connectivity



DTI and Connectivity

Propagation waves in the brain

red = excitatory neurons
black = inhibitory neurons



DTI and Connectivity

Correlations of fMRI signal in posterior cingulate and other regions
red = positive

blue = negative



Lisa Delano Wood and Mark Bondi 
Dept of Psychology, VA San Diego

Brainstem effects in traumatic brain injury



Spinal Cord Injury 
(Rat Model at 7T)

Jacob Koffler, Ph.D. 
Mark H. Tuszynski, M.D., Ph.D.  
Center for Neural Repair 
University of California, San Diego

spinal cord white matter

dorsal ramus
ventral ramus

spinal cord white matter

dorsal ramus
ventral ramus

But what’s happening here?



DTI in Muscle

Rat skeletal muscle fluorescence 
microscopy image 

FSU

Rabbit skeletal muscle SEM image 
leech.smith.edu



DTI in Muscle



DTI in Muscle

a, b = anatomical

c, d = MD

e, f = FA



DTI in Muscle

tractography



DTI in Muscle

tractography



DTI in Muscle
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Supraspinatus DTI

Subscapularis

A. Rodrigues-Soto, 
Ward group



Supraspinatus Structure in Tractography

15 directions 30 directions

45 directions 60 directions

A. Rodrigues-Soto, 
Ward group
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Supraspinatus Tractography @60 directions

A. Rodrigues-Soto, 
Ward group



Streeter, 1969

There are other organs besides the brain

Streeter et al. 1969

Endocardium

Epicardium

Legrice et al. 1994Our first whole human heart DTI (ex vivo)

Patient-specific modeling of Heart Failure
McCulloch Lab, UCSD Dept of Bioengineering

Electro-anatomic 
Mapping

CT/MRI 
anatomical data 

Segmented 
geometry

Finite element 
model

DTMRI data Fiber architecture

Patient-specific 
model

Excised canine heart (Howard, 2011) using 
3D Spiral FSE DTI sequence (Frank et al, Neuroimage 2010) 

Cardiac Mechanics



DTI in Cardiac Biomechanics



A) Primary, B) Secondary, and C) Tertiary eigenvectors.  
Out of plane component shown in color

DTI in Cardiac Biomechanics



computational modeling



High Resolution MRI of Elasmobranchs

Mustelus henlei (Data courtesy JM Tyszka)

Elasmobranchs have an elaborate 
sensory system

Brown Smoothhound

Neuroscience Motivation



SmellHearing, TasteMotion

Elasmobranchs have an elaborate 
sensory system

The 7 Senses

Lateral lines

Olfactory bulbs of full grown (20’) 
Great Hammerhead (Sphyrna mokarran) 

are up to a foot long!

Sight, TouchElectroreception



Teleost Stingray

• Somatotopic 
arrangement

• ORN’s in epithelium 
project straight back 
to OB

• Chemotopic 
arrangement

• ORN’s in epithelium 
project to discrete 
glomeruli in OB

Organization
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Organization
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axon bundles
in lamina propria

axon bundles
from epithelium 

glomeruli

in collaboration with Drs S. Kajiura & T. Meredith, FAU
Drs S. Blackband and M. Hwang, UFL
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Neurodegenerative conditions of late life (e.g., AD, PD, 
DLB) involve slowly accruing neuron losses that evolve 
over some years before symptoms occur

Age

P
er
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rm
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Dementia

Normal cognition

Mild Cognitive Impairment (MCI)

Prodrome

Chronic disease model (Katzman 1976)

DTI in Alzheimer’s





Neuropathologic Hallmarks Of AD 
Evolution of Neurofibrillary Changes

Stages I / II
(pre AD) entorhinal and transentorhinal (TE): mild

Braak & Braak

Stages III / IV
(early AD)

TE: severe
hippocampus: moderate 
cortical association areas: mild

Stages V / VI
(clinical AD)

TE: severe
Cortical association areas: severe
hippocampus: severe
primary sensory and motor areas spared



Stages of NFT Pathology

Braak & Del Tredici (2012).  Alz & Dem. 

Stages I and II



Braak & Del Tredici (2012).  Alz & Dem. 

Stages of NFT Pathology
Stage III



Braak & Del Tredici (2012).  Alz & Dem. 

Stages of NFT Pathology
Stages V and VI



Learning and Memory

Cognitive Abilities Affected by AD

Language and Semantic Memory

Executive Functions / Attention

Visuospatial / Constructional Ability



Morphological Changes

Jak et al. (2009). J Int Neuropsychol Soc.

Amnestic MCI group had significantly smaller 
hippocampal volumes and cortical thinning



Alzheimer’s



Alzheimer’s



Alzheimer’s



Alzheimer’s



The Locus Ceruleus in AD

Efferent projections of the LC



Adaptive Gain Model 
Locus Coeruleus

Functional brain networks



Functional networks important in AD

CON: executive control network
DAN: dorsal attention network
DMN: default mode network

Thomas, et. al. JAMA Neurol. 2014;71(9):1111-1122

SAL: salience network
SMN: sensorimotor network



Locus Coeruleus in Alzheimer’s Disease

Keren et al. (2009).  NeuroImage. 



Locus Ceruleus Tractography

data from Dr Scott Sorg and Dr Mark Bondi

Temporal lobe projections



Locus Ceruleus Tractography

Cortical projections
data from Dr Scott Sorg and Dr Mark Bondi



GO-ESP Tractography and EMI 
in Locus Coeruleus

(a,d) Seed in LC, no target regions 
(b,e) tracking restricted to LC and transentorhinal cortex (TEC) 

(c,f) Highest probability pathway in (b,e)
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Figure 8. Results of GO-ESP tracking of the locus coeruleus (LC). (a,d) show the complex  
multi-directionality when tracks are seeded from the LC without a target region. (b,e) show 
more focused results when tracking is restricted between the LC and the 
transentorhinal/entorhinal cortex (TEC).  Here the LC can be seen in blue with the 
parahippocampal cortex (PHC) area depicted in purple. (c,f) show the eigenmodes in red 
derived from the tracking (one at each hemisphere) which describe the highest probability 
pathways within the track.  Note:  Anterior portion of the PHC is comprised of the TEC. 



data from Dr Scott Sorg and Dr Mark Bondi

Application: Alzheimer’s Disease 
LC tractography



LC tractography

data from Dr Scott Sorg and Dr Mark Bondi


