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Abstract 

The concept of effective connectivity permits to study specific circuits in 
networks which define in a more realistic way the dynamics of the central 
nervous system, which underlie various cerebral functions. Assessment of 
effective connectivity measures provides the unique opportunity to determine the 
functional influences among anatomical brain regions. Connectivity between 
brain regions is estimated using models based on anatomically motivated 
assumptions. Structural equation modeling (SEM) is a statistical method proposed 
to analyze effective connectivity in fMRI. 
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1 Central Nervous System 
 

The central nervous system (CNS) receives information from the external 
environment and information derived from the internal environment. All these 
data are processed and integrated by nerve centers: cortical grey matter, spinal 
cord and grey nuclei scattered in the white matter. The hierarchical organization 
has developed during vertebrate evolution to ensure global integration of all 
metabolic and physiologic data necessary for physiologic, psychosocial and 
spiritual survival. Due to biochemical modulation of the nerve impulse in each 
synapse, the postsynaptic neuron is subjected to a combination of input signals 
derived from the presynaptic axons and dendrites connected to it. Some 
connections are excitatory, others are inhibitory. The postsynaptic neuron ensures 
balanced integration of all incoming information to produce a new action 
potential (or nerve impulse) to other postsynaptic neurons. The presynaptic 
neuron produces an output signal which activates many other neurons in parallel, 
which subsequently constitute information processing systems (addition signals, 
subtraction signals). This parallel information processing is one of the reasons for 
the incomparable efficacy of human information processing. This functioning is 
reproduced (without the fine, plastic modulation allowed by biochemical actions) 
in artificial neuron networks, leading artificial intelligence scientists and mainly 
computer statisticians, to develop calculations algorithms based on neuron 
networks [13]. Each neuron is a very simple automat that receives impulses from 
its neighbors, and which transmits an impulse according to whether the weighted 
sum of inputs (weights with a positive sign for an excitatory junction and a 
negative sign for an inhibitory junction) is greater than a certain excitation 
threshold (activation function). Neuronal networks range from a simple network 
(two neurons, one sensory, one motor for a simple reflex) to extremely complex 
networks (thousands of neurons for a single network). Communication between 
neurons can correspond to an almost unlimited variety of specific combinations. 
Several hundreds of different messages can reach the same neuron simultaneously 
or successively, resulting in a great potential for modulation of the global output 
message, especially as various types of agents can act on each biochemical step in 
the synapse. This gives an idea of the enormous number of possible combinations. 
Connections create preferential circuits for transmission of information. This 
plasticity allows our cerebral circuits, especially those of the neocortex, to be 
organized in a way which corresponds and adapts to the world in which each 
individual lives and develops. The mechanism of formation of synapses depends 
on maturation of the central nervous system, but elimination and selection depend 
on experience. Nerve fibbers constitute the “physical” pathways of 
communication. 
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2 fMRI and functional Integration 
 

By using fMRI which has become the most commonly used technique for 
investigating human brain functions and defining neural populations as 
distributed local networks which are transiently linked by large-scale reciprocal 
dynamical connections, we may study in the brain specific circuits in networks 
which allow defining in a more realistic way the dynamic of the central nervous 
system, which underlies various cerebral functions, both in physiological and 
pathological conditions. The dichotomy between local and large-scale networks 
serves as a neural basis for the key assumption that brain functional architecture 
abides by two principles: functional segregation and functional integration [7]. A 
large-scale brain network can be defined as a set of segregated and integrated 
regions that share strong anatomical connections and functional interactions. 
Whether top-down or bottom-up, connections and interactions are quintessential 
of networks [2, 11]. Cognitive and sensorimotor processes in fact, rely on 
complex dynamics of temporally and spatially segregated brain activities. While 
the segregation principle states that some functional processes specifically engage 
well-localized and specialized brain regions, it is now thought that brain functions 
are most likely to emerge through integration of information flows across 
distributed regions [12, 14, 15]. In this approach, it is not only isolated brain areas 
that are presumed to process information but rather a large-scale network, i.e. a 
set of brain regions interacting in a coherent and dynamic way. Hence, according 
to the functional integration concept, cortical areas and thus functions are 
integrated within specific dynamic networks. This approach supposes that there is 
dynamic interaction between interconnected, active areas and thus that the brain 
areas are expressed as networks within integrated systems. In such a system, 
localized areas are included in networks which become dynamic according to the 
cognitive task. Brain areas underlie several functions and can belong successively 
to several different functional networks. In other words, a given brain area does 
not have a single function; its resources can be exploited in several different 
cognitive strategies. The principle of functional integration which is also known 
in the field of electrophysiology was used to analyze the event potentials obtained 
from multipolar recordings [6]. Thus, based on the functional integration 
principle, the relationships between several brain areas may be studied. 
 
 
             3 Effective connectivity 
 
Effective connectivity will represent the dynamic influence that cortical and 
subcortical regions exert on each other via a putative network of interdependent 
areas [5, 6]. Consequently, effective connectivity can be defined as the influence  
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that one neural system exerts over another, either at a synaptic level (synaptic 
efficacy) or a cortical level [4, 9]. This approach emphasizes that determining 
effective connectivity requires a causal model of the interactions between the 
elements of the neural system of interest. In electrophysiology, there is a close 
relationship between effective connectivity and synaptic efficacy [1]. Effective 
connectivity can be estimated from causal models to test whether a theoretical 
model seeking to explain a network of relationships can actually fit the 
relationships estimated from the observed data. In the case of fMRI, the 
theoretical model is an anatomical constrained model and the data are 
interregional covariances of activity [3]. 
 
 

4 Structural Equation Modeling 
 

Structural equation modeling (SEM) is interested in a structure of variances and 
covariances in a dataset of observed variables and it will try to predict 
dependences among the variables. In other words, SEM seeks to explain as much 
of the variance in dependant variables as it can from the simultaneous 
measurement of the variances of independent variables that are included in the 
model. Similarly, SEM incorporates errors of measurement of the independent 
variables into the calculation of estimate, which reinforces the statistical power of 
the method and provides more precise estimates of coefficients of regression. 
Thus, we can validate a model of measurement from a theoretical model or 
empirical data [8]. The objective of an effective connectivity analysis is to 
estimate parameters that represent influences among regions that may change 
with respect to experimental tasks. Therefore, to describe a functional network, 
network nodes and anatomical connections must be proposed in conjunction with 
a SEM model in order to explain interregional covariances and determine the 
intensity of the connections. When applied to fMRI data, SEM allows modelling 
of paths of connection between cortical or subcortical areas and reveals relations, 
interdependencies and covariance among the various areas. Given an anatomical 
model, SEM shows the effects of an experimental task on specific network of 
connections [10]. In this type of statistical analysis, normalized variables are 
considered in terms of the structure of their covariances. Thus, SEM allows one to 
infer interregional dependencies between various cerebral cortical areas. 
Importantly, a causal relation is ascribed to these connections. So, causal 
relationships are not inferred from the data but are assumed a priori. We can 
therefore set the connection strengths so as to minimize the discrepancy between 
the observed and implied correlations and thereby fit a model to data. Changes in 
connectivity can be attributed to experimental manipulation by partitioning the 
data set. If, for example, we partition a given fMRI data set into those scans 
obtained under different levels of an experimental factor, then we can attribute  
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differences in connectivity to that factor and so conclude that a pathway has been 
activated.  
 

 

5 Conclusion 
 

The description of specific circuits in networks allows a more realistic definition 
of dynamic functioning of the central nervous system which underlies various 
brain functions. After introducing the central nervous system and recalling the 
concept of effective connectivity, we have briefly described in this article the 
SEM approach used to explore circuits within networks and model spatially and 
anatomically interconnected brain regions. 
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