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Some guy named 
Albert Einstein   
Studies Brownian  
Motion  

1905 five important papers  
one of which  was “On the 
Motion of Small Particles 
Suspended in a Stationary 
Liquid, as Required by the 
Molecular Kinetic Theory of 
Heat” 



Conventional T2 WI DW-EPI 

Why USE DTI MRI? : Detection of Acute Stroke 

Sodium ion pumps fail - water goes in cells and can not diffuse – DW image gets bright 
(note – much later cells burst and stroke area gets very dark) 



T2 (bright water) 

 DWI (x direction) 
(T2 (bright water)+(diffusion)) 

Contrast  
(T1 + Gadolinium) 

T2 (bright water) 



Courtesy of Dr Sorensen, MGH, Boston 

 

David Porter - November 2000 

 Single-shot EPI diffusion-weighted (DW) images with b = 1000s/mm2  

 and diffusion gradients applied along three orthogonal directions 
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Measuring Diffusion in other directions 
(examples) 
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 This matrix illustrates that diffusion is not 
necessarily equal in all directions 
 i.e. “anisotropic” 

 Use this to probe brain structure! 
 Represent the diffusion pattern at each point in the 
brain using an ellipsoid. 



 Trace:  Magnitude of diffusion 
in a voxel. 
 Increases in damaged white 

matter 

 
 Fractional Anisotropy (FA):  
Measure of directionally-
restricted diffusion. 
 Ranges from zero to one 
 Decreases in damaged white 

matter 

Rosenbloom M, et al. (July 2004). NIAA pubs; 
http://www.niaaa.nih.gov/publications/arh27-2/146-152.htm 



red = right – left 
green = anterior – posterior 
blue = superior - inferior 
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Pierpaoli and Basser, Toward a Quantitative Assessment of 
Diffusion Anisotropy, Magn. Reson. Med, 36, 893-906 (1996) 

Tensor Ellipsoid Image 

Tract 

Information available through DTI 









Zhang & Laidlaw: http://csdl.computer.org/comp/proceedings/vis/2004/8788/00/87880028p.pdf.  

Superior view color fiber maps 

Lateral view color fiber maps 

http://csdl.computer.org/comp/proceedings/vis/2004/8788/00/87880028p.pdf
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N=110 Healthy,  
Right handed males 
25-36 years old 



 Graph Theory 
 Global Metrics 
 Integration – characteristic path length of the graph 
 Segregation – distinct nodal populations grouped together to 

form segregated sub-populations 
 Small worldness – scale free property of networks 

 

 Node-Specific Metrics 
 Betweenness Centrality 
 Mean Local Efficiency 
 Clustering Coefficient 
 Eccentricity 

 
 

Graph: a set of nodes 
connected by edges 





Paul Broca 

Lebourne (“Tan”) 

Carl Wernicke 

Wernicke’s Area 
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John Martyn Harlow 
(November 25, 1819 - May 13, 1907) 

Henry Jacob Bigelow 
(March 11, 1818 – October 30, 1890) 

Phineas P. Gage 
(????, 1823 – May 21, 1860) 



 25 year old foreman preparing the roadbed for the 
Rutland & Burlington Railroad outside the town of 
Cavendish, Vermont. 
 Filled a bore-hole with black powder to 
blast/remove rock 
 Turned his attention to his men by looking slightly 
back over his right shoulder 
 Dropped his tamping iron into the hole causing a 
spark and the powder to explode 
 Rod was sent upward through his cheek, up through 
his cranial vault and out of the top of his head  

 



 Taken by oxcart to Joseph Adam’s tavern in Cavendish 
 Is met first by Edward H. Williams of Proctorsville, VT 
then by Dr. John Martyn Harlow who commences 
treatment of Gage’s wound 
 Harlow can touch finger tips when inserting them in 
each end of the wound 
 Gage struggles for days, in and out of 
fever/consciousness/infection 
 Suffers confusion, difficulty reasoning, etc 
 Eventually recovers sufficiently to return to his home 
 Suffers profound personality changes 

 



 “The equilibrium or balance, so to speak, between his intellectual 
faculties and animal propensities, seems to have been destroyed.  He 
is fitful, irreverent, indulging at times in the grossest profanity (which 
was not previously his custom), manifesting but little deference for 
his fellows, impatient of restraint or advice when it conflicts with his 
desires, at times pertinaciously obstinate, yet capricious and 
vacillating, devising many plans of future operation, which are no 
sooner arranged than they are abandoned in turn for others 
appearing more feasible. A child in his intellectual capacity and 
manifestations, he has the animal passions of a strong man. Previous 
to his injury, though untrained in the schools, he possessed a well-
balanced mind, and was looked upon by those who knew him as a 
shrewd, smart business man, very energetic and persistent in 
executing all his plans of operation. In this regard his mind was 
radically changed, so decidedly that his friends and acquaintances 
said he was ’no longer Gage’.”  - J.M. Harlow 



Harlow, 1868 Bigelow, 1850 

Glore Psychiatric Museum  
(St. Joseph, Missouri)  

Ratiu and Talos, 2004 

Other??? 



 

“…he had become irreverent and capricious…respect for the social 
conventions by which he once abided had vanished. His abundant 
profanity offended those around him…he had taken leave of his 
sense of responsibility…could not be trusted to honor his 
commitments…began a new life of wandering…never returned to 
a fully independent existence, never again held a job comparable to 
the one he once had.” 
 
“This assignment also agrees with the idea that in non-brain 
damaged individuals the separate frontal regions are 
interconnected and act cooperatively to support reasoning and 
decision making.” 



 

Malcolm MacMillan 



Images Courtesy of Dominic W. Hall, Warren Anatomical Museum, Harvard Medical School 



Measurements and Weight: 
Length: 110cm 
Circumference: 9.5cm at widest, 2.55cm diameter at tail 
Rod Tip Diameter: 0.72cm 
Weight: 13 lbs. 



 Ratiu and Talos, June 12, 2001, Brigham and Women’s 
Hospital, Harvard Medical School, Boston, MA 



 Drawn from the LONI Image Data Archive (IDA) 
 

 N=110 psychiatrically/neurologically healthy males 
 Age 25-36 years old 
 Right handed 
 Caucasian 

 
 MPRAGE T1 anatomical volumes 
 30 direction diffusion weighted imaging 

 
 Data processed using  

 LONI Pipeline (Dinov et al., UCLA)  
 FreeSurfer (Fischl et al., MGH) 
 TrackVis (Wedeen et al., MGH)  
 Custom software 
 Visualized using 3D Slicer (Pieper et al, NA-MIC) 
 Connectogram representations (Irimia et al, 2012, NeuroImage) 
 Network analysis using Brain Connectivity Toolkit (Sporns et al.) 



 





White matter fiber connections 
affected by the passage of the 
tamping iron 



Table 5:  Comparison of Intact, Tamping Iron, and Simulated Network Attributes 

Network Type 
Integration  

(Characteristic Path Length, λ) 

Segregation  

(Mean Local Efficiency, e) 

Small Worldness  

(S) 

Intact  

(I) 

λObs(I) = 7.7222±3.0227 

λRand(I) = 5.6377±2.1899 

λObs(I)/λRand(I) = 1.3697±0.0534  

eObs(I) = 0.4824±0.1077 

eRand(I) = 0.0805±0.0443 

eObs(I)/eRand(I) = 6.8953±2.1672 

S = 3.7226±1.0778 

Tamping Iron  

(T)1 

λObs(T) = 7.8893±3.0817  

λObs(T)/λRand(I) = 1.3987±0.0532b 

 

eObs(T) = 0.4607±0.1104 

eObs(T)/eRand(I) = 5.7229±2.0538c 

S = 3.7289±0.9853a 

 

Simulated Lesions 

(L)2 

λObs(L) = 8.3826±3.3196 

λObs(L)/λRand(I) = 1.4869±0.0469d 

 

eObs(L) = 0.4352±0.1054 

eObs(L)/eRand(I) = 5.4062±1.5321d 

 

S = 3.6061±0.7094c 

 

a T vs. I:  p(t) = ns 
b T vs. L: p(t) ≤ 0.0001 

c T vs. I: p(t) ≤ 0.001 
d L vs. I: p(t) ≤ 0.0001  

1Means and standard deviations are reported as computed over N=110 subjects included in the study (see text for details). Paired-
sample Student’s t-tests were used to compare the damaged and intact networks; subscripts refer to “observed” (Obs) and 
“random” (Rand); df=109. 
2Means and standard deviations are reported as computed over N=110 subjects included in the study, after first averaging metric 
values over 500 simulated lesions of the cortex (see text for details). 

 



 As noted by Damasio and others, Gage’s personality changes similar to 
modern patients with damage to frontal cortex 
 However, changes also not unlike neurological and psychiatric diseases 
involving frontal white matter degeneration/alteration/lesions 

 
 
 
 
 
 
 
 
 

 While Harlow comments that Gage’s mental state was “nothing like 
dementia”, the extensive white matter network damage may have 
contributed to many of Gage’s reported behavioral and personality 
changes. 

Fronto-temporal dementia  
personality changes 
irritability 
inappropriateness 

Mild Cognitive Impairment  
forgetfulness 
impulsivity/poor judgment 
poor planning skills 
irritability and aggression 

Alzheimer’s Disease  
executive function issues 
difficulty reasoning 
changes in personality and behavior 

Schizophrenia 
unusual ideations/beliefs 
working memory deficits 
executive function problems 



Wilgus, J. and Wilgus, B. (2009). "Face to face with  
Phineas Gage." J Hist Neurosci 18(3): 340-345. 
 

A "handsome ... well dressed and confident, 
even proud,“ man. 

Tara Gage Miller (TX)/ 
Phyllis Gage Hartley (NJ)/ 
http://www.brightbytes.com/... 
phineasgage/new_image.html 

http://www.brightbytes.com/




 Diffusion weighted imaging is a powerful tool for 
mapping white matter fiber patterns in humans and 
non-human species 
 Methods improving all the time 
 Speed 
 Resolution 

 Broad scope for quantification 
 Being widely applied to understand alterations to 
WM connectivity in disease 
 Aging 
 Mental health 
 Trauma 

 Has helped to give rise to field of Connectomics  
 



The Study of Brain Connectomics 

www.humanconnectomeproject.org 



 Connectomic modeling approaches have been 
applied to a range of clinical samples  
 TBI:  see Irimia et al., Frontiers in Neurology, 2012 
 Quantify the amount of DAI from DTI in TBI 

 Damage or disease can be monitored over time 
 Time dependent changes can be associated with 
cognitive recovery/decline 
 Useful for informing clinical decision making beyond 
traditional radiological assessment 



http://www.muse.mu 
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