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Introduction: Graph theoretical analysis of resting-state functional MRI (fMRI) data has established 

that large-scale functional connectivity networks in the human brain display properties such as high 

clustering coefficient, as in a small-world topology1. In contrast, despite its increasing application, 

graph analysis of task-based fMRI suffers from restricted validity and of how much its conclusions 

can be generalized2. Therefore, the aim of this study was to examine if the topological structure in 

functional brain network organization during the performance of an MRI-adapted version of the 

Symbol Digit Modalities Test (SDMT), an international gold standard for screening the Information 

Processing Speed (IPS), presents small-world topology.  

 

Materials and Methods: Sixteen healthy controls were recruited and underwent a cognitive 

evaluation with an oral version of the SDMT before image acquisition. MRI was acquired in a 3T 

system. Functional MRI based on BOLD contrast was acquired with a 2D EPI sequence, and an 

experimental design adapted from a previous work3. We assessed the information processing network 

using 12 anatomical templates from Talairach Daemon database4 in a region-to-region functional 

connectivity analysis in CONN Toolbox5, from which the connectivity matrix was used to get graph 

theory measures (cost (K), local and global efficiencies) using a long range of cut-off threshold 

approach2. 

 

Results: In the interval between 

0.34<cost(K)<0.5 the experimental network (in 

red) presented global efficiency greater than a 

regular network (blue) with the same number of 

vertices, but smaller than a random network 

(green) (Figure 1a). In addition, it presented 

lower local efficiency than a regular network 

with the same number of vertices, but greater 

than a random one (Figure 1.b). Shaded gray 

area is a representation of the standard 

deviation between all subjects. 

Discussion: Our experimental network 

presented characteristics of a small world 

network, that is, high local and global 

efficiencies. It reflects highly clustered 

networks with a small feature path length, 

allowing rapid communication between any 

two regions in the network. Small-world are 

considered features of healthy networks. 

 
Figure 1: (a) Global and (b) local efficiency versus 

cost(K). 

       

 

Conclusion: This study revealed that the topological structure in functional brain network 

organization during the performance of an MRI-adapted version of SDMT presents small-world 

topology. Therefore, the graph theory approach in the quantification of the topological structure of 

the network can be used as a tool in future studies to find biomarkers between healthy and clinical 

groups in both rest and task-based fMRI. 
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