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As Rubinov and Bassett mention in their review, more than a hundred years ago, pioneers of modern 

neuroscience and psychiatry Meynert, Wernicke, and Kraepelin proposed that schizophrenia may be 

associated with abnormalities in structural brain connectivity and disrupted functional integration of 

cognitive processes. For a long time, proper tools to investigate large-scale brain (dis)connectivity in patient 

populations had been missing. Recent advances in magnetic resonance imaging (MRI), like diffusion tensor 

imaging and resting-state fMRI, have now made it possible to map the brain’s structural and functional 

connections. However, it may not be merely the invention of these advanced MRI tools that have pushed the 

investigation of brain disconnectivity in schizophrenia forward. The growing field of connectomics 

advocates that the human brain works by functionally and structurally linked networks (Hagmann et al., 

2010; Sporns, 2011; Bullmore and Sporns, 2009), not as a set of autonomous operating regions and 

independent white matter connections. This new field of neuroscience aims to examine the underlying 

topology of brain networks, suggesting that communication between brain regions is crucial for healthy 

cognitive functioning (Bassett et al., 2009; Li et al., 2009; van den Heuvel et al., 2009; Zalesky et al., 2010). 

And, as such, connectomic abnormalities may play an important role in many neurological and psychiatric 

diseases. 

 In our study, we made a first attempt to examine whether, and if so how, an aberrant structural 

topology of the brain network may play an important role in schizophrenia. Comparing the brain networks of 

40 patients and 40 healthy controls, we observed an increased path length (travel distance between regions of 

the brain), together with reduced betweenness (a measure of how central a region is in global brain 

communication) of frontal, temporal and parietal brain regions. This was taken as an indication of possible 

reduced capacity of the brain network to integrate information between different brain regions. However, as 

explained by Rubinov and Bassett, this interpretation is based on a somewhat simplistic assumption of a 

direct relationship between functional communication and structural connections in the brain network. 

Although recent studies have marked a link between structural and functional brain connectivity, it is 



  

certainly not a one-to-one relationship, but a non-linear complex interaction (Bullmore and Sporns, 2009).  

Interestingly, possible evidence of aberrant functional information integration in schizophrenia comes from 

the recent study of Lynall and colleagues (2010)—an important study examining the topology of functional 

brain networks in schizophrenia—reporting a reduced functional hub-role of frontal regions in patients 

(Lynall et al., 2010).  

 As mentioned, important evidence for abnormalities in brain connectivity in schizophrenia comes 

from the recent study of Zalesky et al. (2011), reporting on large-scale affected axonal fiber connectivity in 

patients. The most interesting difference between the Zalesky et al. study and our study is perhaps not of 

methodological nature, but rather a difference in viewpoint from which properties of the brain connectome 

were examined. This makes the results of the two studies strongly complementary to each other. In our 

study, we examined whether the level of connectivity capacity of the nodes (i.e. brain regions) of the 

network were affected in patients, showing a reduced structural hub-role of frontal and parietal brain regions. 

Interestingly, the Zalesky et al. study started from the viewpoint of affected connections, focusing more on 

the connections between the nodes of the network, not primarily the nodes themselves. Using their 

innovative “network based statistic” framework (NBS), Zalesky and collegues describe a large-scale network 

of affected connections, with an important role for frontal-parietal connections, overlapping the cingulum 

tract.  Our findings of a reduced hub-role of (superior) frontal and precuneus regions in patients support their 

connectivity findings, as frontal and precuneus regions are known to be connected by the cingulum tract. The 

novel NBS framework of Zalesky and colleagues provides a new way to statistically test differences in 

global brain structure, making it an important new tool to examine brain network disconnectivity in patient 

populations.  

 The study of Zalesky and colleagues and our study may provide first evidence of abnormalities in 

brain network topology in patients with schizophrenia. But indeed, as mentioned, this does not provide 

information on the functional effects of the reported structural abnormalities and how they are linked to 

clinical effects. Future studies combining structural and functional measures of connectivity and further 

examining these effects using large-scale computational models are of high importance. 

 

References 
Bassett DS, Bullmore ET, Meyer-Lindenberg A, Apud JA, Weinberger DR, Coppola R (2009) Cognitive 

fitness of cost-efficient brain functional networks. Proc Natl Acad Sci U S A 106:11747-11752. 



  

Bullmore E, Sporns O (2009) Complex brain networks: graph theoretical analysis of structural and 

functional systems. Nat Rev Neurosci 10:186-198. 

Hagmann P, Cammoun L, Gigandet X, Gerhard S, Ellen Grant P, Wedeen V, Meuli R, Thiran JP, Honey CJ, 
Sporns O (2010) MR connectomics: Principles and challenges. J Neurosci Methods 194:34-45. 

Li Y, Liu Y, Li J, Qin W, Li K, Yu C, Jiang T (2009) Brain anatomical network and intelligence. PLoS 

Comput Biol 5:e1000395. 
Lynall ME, Bassett DS, Kerwin R, McKenna PJ, Kitzbichler M, Muller U, Bullmore E (2010) Functional 

connectivity and brain networks in schizophrenia. J Neurosci 30:9477-9487. 

Sporns O (2011) The human connectome: a complex network. Ann N Y Acad Sci. 

van den Heuvel MP, Stam CJ, Kahn RS, Hulshoff Pol HE (2009) Efficiency of functional brain networks 
and intellectual performance. J Neurosci 29:7619-7624. 

Zalesky A, Fornito A, Seal ML, Cocchi L, Westin CF, Bullmore ET, Egan GF, Pantelis C (2010) Disrupted 

Axonal Fiber Connectivity in Schizophrenia. Biol Psychiatry. 
 

 


