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Recent advances in diffusion based magnetic resonance imaging 
techniques and complimentary white matter tractography have 
made it possible to estimate the locations of anatomical 
highways spanning the cortex in the healthy and diseased human 
brain. It is not yet clear, however, how robust our measured 
network structure is to variations in methodology, an uncertainty 
which is complicated by the availability of two different 
measurement streams: diffusion tensor imaging (DTI), and 
diffusion spectrum imaging (DSI), which is thought to better 
resolve diffusion directions where white matter fibers cross.

In this work, we sought to answer two distinct but 
complimentary questions: 1) What network properties are 
conserved across individuals and robust to changes in image 
acquisition and analysis methods? and 2) Do network properties 
have the ability to accurately characterize individual differences 
in large-scale cortical structure reproducibly across multiple 
scanning sessions?

Architectural Conservation: Assortativity

Global conservation was assessed by tuning three methodological 
ñknobsò including imaging modality, atlas, and spatial resolution 

(using iteratively upsampled templates).

Modality Atlas Spatial Resolution                       Scanning Session
DSI/DTI                     AAL/HO/LPBA40                            x4                                                  x3

Reproducibility of individual 
structure was assessed across 

three scanning sessions.

Architectural Conservation: Physical Embedding

Reproducibility: Basic Connectivity Properties
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Conclusions

Conservation

ÅIn this work, we have explored the topological basis for 
hierarchically modular organization of physically embedded 
anatomical brain networks. 

Variability

ÅOur work highlights basic connectivity and graph metric 
properties that will be particularly sensitive to individual 
variation in anatomical connectivity while remaining 
insensitive to inter-scan variability. 

DSI/DTI

ÅNetworks constructed from DSI data displayed a higher 
number and diversity of total reconstructed tracts than DTI 
networks. While both imaging techniques provide reproducible 
structure, reproducibility was highest in DTI networks. 

Based on our work, we suggest that network analysis of human 
white matter connectivity can provide sensitive topological and 
physical measurements of cortical structure across multiple 
temporal and spatial scales, but that the acquisition protocol should 
be chosen carefully based on whether group characteristics or 
individual variability are to be studied.

D S Bassett, J A Brown, V Deshpande, J M Carlson, S T Grafton 
(2010) Conserved and variable architecture of human white matter 
connectivity. Neuroimage, Epub ahead of print.

Networks consistently 
displayed non-random 

hierarchical organization.

Network nodes preferred to connect to other nodes of like degree. The 
combination of sparsity, hierarchy, and assortativity may form                             
the topological basis for hierarchical modularity.

Nodes usually connected to only a few other nodes in the network, a necessary 
prerequisite for non-random topological organization.

Network topology is mimicked in 
physical space; topologies are 

embedded cost-efficiently.

Reproducibility varies with imaging modality and network metric.

Anatomical connectivity and its reproducibility varied with imaging modality, atlas, 
and anatomical location.

Whole brain anatomical networks were constructed for each individual.
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Physical Space Topo-physical interdependence

Tract counts are highly 
correlated with the size of 
the region. Tract density 
(count/volume) provides 
more comparable results 

across atlases. 

Shown are regions whose 
tract density is higher than 
expected due to region size 

alone.

Reproducibility of metrics based on weight is high for 
both DSI and DTI networks, although higher for DTI.

Reproducibility of graph metrics is less than that of properties based on weight.

Variability was consistently lower in DSI than in DTI networks.

Metrics with the highest reproducibility were those containing information 

regarding the physical embedding of the network.


