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To the Editor,

Table 1
Mean consensus and cross-modal agreement for different number of insular clusters (Kelly et al.
2012). The only two solutions that have a high cross-modal agreement and mean consensus for
the right and left insulae are K = 2 and 9.
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clusters with K between 2 and 15 (cf. Fig. 4). With K = 2 the
parcels are very similar to our clusters, with K = 3 then a
middle-anterior ventral cluster appears. The coexistence of
different parcellation schemes is understandable in the light
of the intrinsically hierarchical nature of the resting state brain
networks that have been evidenced in neuroimaging studies
(Power et al. 2011; Yeo et al. 2011; Doucet et al. 2011), and
hypothesized in the theories of Damasio (1994) and Craig
(2002, 2009) that posited a hierarchical organization within
the insula representing information about the body’s homeostatic state. Indeed, in this view, different levels of complexity
may be nested in a hierarchical structure that starts from a
bipartite insular subdivision and move to more complex parcellation schemes where each of the two previous clusters is
further subdivided. That hypothesis ﬁnds a partial support in
several recent studies such as Nelson et al. (2010), Yeo et al.
(2011), Cauda, Torta et al. (2012), Kelly et al. (2012), and
Touroutoglou et al. (2012). However, Kelly et al. point out
that not all numbers of parcels lead to a high cross-modal
agreement and mean consensus. We have summarized these
results in Table 1. The cross-modal agreement, the ﬁrst criterion chosen by Kelly et al. to ﬁnd the optimal number of
clusters, indicates whether a certain parcellation scheme
gained the agreement of all the three parcellation modalities
employed (resting state fMRI, task-based fMRI, structural
covariance); the second criterion is the mean consensus,
which is a measure of “the stability with which pairs of voxels
were placed in the same cluster, across the 20 data collection
sites”: it is evident in Table 1 that in this analysis the only two
solutions that have a high cross-modal agreement and mean
consensus for the right and left insulae are K = 2 and 9. Given
the suggested hierarchical structure of the brain networks
(Leech et al. 2012), it can be hypothesized that these two solutions may constitute two different parcellation steps in the
same hierarchical structure. Nonetheless, the present knowledge of the insular parcellation may be further improved or
modiﬁed using higher-resolution imaging data, improved
signal-to-noise ratios (Gonzalez-Castillo et al. 2012), alternative imaging modalities, and reﬁned techniques such as the
analysis of temporal functional modes described by Smith
et al. (2012), which takes into account temporally dynamic
relationships among regions.
An interesting future development would be the evaluation
of the cross-modal agreement between all the different techniques used to parcellate the insular cortex, such as
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In their recent paper, Chang et al. (2012) explained some inconsistencies in the results for the number of insular cortex
clusters. They reported three insular clusters, one anterior
dorsal, one posterior dorsal, and one middle-anterior ventral.
In a previous paper (Cauda et al. 2011) on the same subject,
we parcellated the insula into two clusters, one anterior
ventral and one posterior dorsal. We conﬁrmed these results
in a recent meta-analytic paper (Cauda, Costa et al. 2012).
To explain the divergences between the two studies, Chang
et al. claimed that we “employed a very coarse resolution
(only 10 insular region of interest (ROIs) compared with our
1252) and a priori ﬁxed the number of clusters to 2.” This is
incorrect, as we actually performed two different analyses: an
ROI-based analysis employing 10 ROIs and a voxelwise analysis employing a number of ROIs equal to the number of
voxels in the brain. Furthermore, the optimal number of clusters was not ﬁxed but was determined using an appropriate
procedure [see Supplementary Materials of (Cauda et al. 2011)].
We would like to suggest a simple explanation for the discrepancies between the studies that parcellated the insular
surface into 2 (Jakab et al. 2011; Cloutman et al. 2012) (Taylor
et al. 2009; Cauda et al. 2011; Cauda, Costa et al. 2012) versus
3 (Deen et al. 2011; Chang et al. 2012) or more clusters
(Kurth et al. 2010; Power et al. 2011; Yeo et al. 2011). As introduced by Chang et al., the hierarchical clustering performed on the ROI-wise analysis of our 2011 paper
moderately supports a tripartite subdivision of the insula.
Given a dataset, the determination of the optimal number of
parcels is not a trivial task. Several methods for calculating
the optimal number of clusters have been proposed; however,
none is faultless (Bowman et al. 2004). Differences between
the datasets in terms of data acquisition, technical and
numerical aspects may lead to a different determination of the
correct number of parcels. This point corroborates the results
of those papers that employ methods that do not assume an a
priori number of critical components, such as the one developed by Cohen et al. (2008) and used in Nelson et al. (2010).
Here, the whole-brain connectivity map of each node is examined for large-scale differences between the nodes. The nodes
obtained by resting state functional connectivity magnetic resonance imaging (MRI)are compared with task-evoked data in
functional magnetic resonance imaging (fMRI) to corroborate
the ﬁndings from the functional connectivity analyses. Using
this method, the authors suggested a pentapartite subdivision
of the anterior insular cortex (AI) where 3 clusters are present
in the anteriormost AI and 2 in the posteriormost AI. Other
papers suggested an insular clusterization involving more
than the common bipartite or tripartite scheme (Cohen et al.
2008; Kurth et al. 2010; Power et al. 2011; Yeo et al. 2011;
Kelly et al. 2012). It must be noted, however, that the histological and electrophysiological data on humans and monkeys
support the bipartite (see, e.g. Rivier and Clarke 1997; Jezzini
et al. 2012) as well as the tripartite insular parcellations (see,
e.g. Mesulam and Mufson 1982).
A recent and inspiring paper by Kelly et al. (2012) clearly
demonstrated this phenomenon; rather than choosing a ﬁxed
number of clusters, they reported a number of insular cortex
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