
INTRODUCTION 

Common structural 

network among all subjects  

We use connection probabilities to reduce the asymmetric connections in the network 

A probability more than 0.6 is a strong signal A probability less than 0.4 is a weak signal 

Major 
Depressive 

Disorder (MDD) 

Causes disruption 
of mood, 
cognition, 

sensorimotor and 
homeostatic/drive 

functions 

Affects 
functionalities that 

control sleep, 
appetite and libido 

Deep Brain 
Stimulation (DBS) 

Surgical treatment 
using a brain 

pacemaker, sending 
electrical impulses to 
specific parts of brain 

Alternative 
approach for 

treatment-resistant 
MDD patients 
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Infer the structural network of MDD 

Discover the special role of  Subcallosal 
Cingulate(SCC) 

Are there specific voxels that 
play the most central role in the 

connectivity? 

Difference between healthy and 
depressed subjects 

Understand variability 
across subjects 

Understand the relationship 
between structural and 

functional networks 

ωAmygdala, 
Insula, 
Hippocampus, 
Brainstem 

ωPrecuneus 

ωBasal ganglia, Thalamus, 
Hypothalamus 

ωBA24, BA25 ωDorsolateral and ventral-
lateral: BA9, BA46, BA10, 
BA47 

ωOrbital frontal and 
ventromedial: BA11,     
BA32, BA10 

Frontal 
cortex 

Cingulate 
cortex 

Limbic and 
paralimbic 

Subcortical 
areas 

Tractography is not able to 
distinguish between afferent 
and efferent connections 

ωWe require to see connections 
in the network in both 
directions 

ωWe determine the value of H 
aiming to minimize asymmetry 

We consider the interval of 
(1000,2500) as the threshold 
range 

ωH resides in the threshold range 

ωA very small value of H results in 
false connection 

ωA very large value of H results in 
missing connections 

DTI image goes through various processing steps 
which add noise to the actual data 

ωImage acquisition 

ωNon-linear transformation to standard space 

ωSegmentation 

ωProbabilistic tractography 

We use a value V larger than 
zero to remove noise 

ωV is chosen as a fraction of 
voxels in each source region 
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Regions of Interest (ROIs) in depression network are obtained from related work (various functional and 
anatomical studies) [Mayberg 1997, Mayberg 2008, Lozano 2008]. 

ROIs are found by mapping each ǎǳōƧŜŎǘΩǎ brain to standard MNI space and using AAL atlase. 

Coronal, Axonal and Saggital views of the depression network ROIs 
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Mayberg model [ Mayberg 1997] 
Effective connectivity 
[Seminowicz 2004] 

(a)Connectivity color map (darker colors show more consistent connections among subjects 

(b) Jaccard coefficient  

CONCLUSION AND FUTURE DIRECTIONS 
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We inferred the 
structural network of 
depression for every 
subject as well as the 
common network among 
all subjects 
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Analysis of common 
network shows 
significant role of BA25 
in terms of centrality 
measures 
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1- Weighted network 
construction and 
analysis 

 2- Voxel based analysis 
to identify DBS target 

Betweenness Centrality: Normalized BC: 

 

CC

' (i)=(CC(i)) /(N-1)Closeness Centrality: Normalized CC: 

BA25 shows the highest 
degree and lowest 

eccentricity among all ROIs 

METHODOLOGY-NETWORK  CONSTRUCTION AND ANALYSIS 

PROJECT OBJECTIVES 

REGIONS OF INTEREST 

Minimum number of voxels that should be connected to the target region so that the target ROI is 
connected to the source: ╧▼►╬╥ ▼z░◑▄▼►╬ 

□╪●▼ is the maximum number of streamlines in probabilistic tractography: Here □╪●▼  

Each element ○▫●ȟ◄►▌ of matrix ═▼►╬ is the number of streamlines starting from seed voxel  ○▫● of 
source region  ▼►╬ that ends in the target region ◄►▌ 

Probability of connection between src and trg: В
═▼►╬○▫●ȟ◄►▌

╧▼►╬z□╪●▼
◄▫▬ ╧▼►╬ ○▫●▄■▼

 

Probability of disconnection between src and trg: В
═▼►╬○▫●ȟ◄►▌

╧▼►╬z□╪●▼
◄▫▬ ╧▼►╬ ○▫●▄■▼

 

Example: 
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The Jaccard coefficient measures similarity between sets, and is defined as the size of the intersection 

divided by the size of the union of the sets: ὐὃȟὄ
ȿ᷊ ȿ

ȿ᷾ ȿ
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Betweenness Centrality measures the fraction of all shortest paths that contain a given node/edge 

Closeness is based on the length of the average shortest path between a vertex and all vertices in the 
graph. d(i,j) = length of the shortest path between i and j 

The degree of a node in a network is the number of connections the node has to other nodes 

The eccentricity of a node v in a connected network is the maximum distance between v and any other 
node in the network 

BA25 has the highest value of 
betweenness centrality and 

closeness centrality 
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INTRODUCTION 

Networks between all 
subjects show over 80% 

similarity 


