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Abstract: The brain of congenital blind (CB) has experienced a series of structural and functional alter-
ations, either undesirable outcomes such as atrophy of the visual pathway due to sight loss from birth,
or compensatory plasticity to interact efficiently with the environment. However, little is known, so
far, about alterations in the functional architecture of resting-state networks (RSNs) in CB. This study
aimed to investigate intra- and internetwork connectivity differences between CB and sighted controls
(SC), using independent component analysis (ICA) on resting state functional MRI data. Compared
with SC, CB showed significantly increased network connectivity within the salience network (SN) and
the occipital cortex. Moreover, CB exhibited enhanced internetwork connectivity between the SN and
the frontoparietal network (FPN) and between the FPN and the occipital cortex; however, they showed
decreased internetwork connectivity between the occipital cortex and the sensorimotor network. These
findings suggest that CB experience large scale reorganization at the level of the functional network.
More importantly, the enhanced intra- and internetwork connectivity of the SN, FPN, and occipital cor-
tex in CB may improve their abilities to identify salient stimuli, to initiate the executive function, and
to top-down control of attention, which are critical for the CB to guide appropriate behavior and to
better adaption to the environment. Hum Brain Mapp 00:000–000, 2013. VC 2013 Wiley Periodicals, Inc.
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INTRODUCTION

Congenital blind (CB) lost their sight from birth and
they have to make major adjustments to interact effectively
with the environment. The occipital cortex that serves
processing of visual information in sighted controls (SC)
has experienced a series of structural and functional altera-
tions in CB, including decreased gray/white matter vol-
ume (Bridge et al., 2009; Lepore et al., 2010; Ptito et al.,
2008) and white matter integrity (Shimony et al., 2006),
increased cortical thickness (Jiang et al., 2009; Park et al.,
2009), regional brain activity as measured by regional
homogeneity (ReHo) (Liu et al., 2011), and glucose metab-
olism as measured by positron emission tomography
(PET) (Veraart et al., 1990). Interestingly, task-based func-
tional MRI (fMRI) has revealed that the occipital cortex of
the early blind shifts its function to process tactile (Burton
et al., 2006) and auditory information (Poirier et al., 2006)
and to engage in many higher-level cognitive functions
(Amedi et al., 2003; Burton and McLaren, 2006), although
preserved functional organization has been found in sev-
eral higher-tier visual areas (Reich et al., 2011; Ricciardi
et al., 2007). Beyond the occipital cortex, several other
brain areas also show alterations, such as increased white
matter volume underlying the sensorimotor cortex (Nop-
peney et al., 2005), increased white matter integrity in the
corticospinal tract (Yu et al., 2007), as well as the increase
of the corticocortical (Kupers et al., 2006), thalamocortical
(Karlen et al., 2006) and intracortical (Callaway and Katz,
1991) connections. These findings suggest that early visual
deprivation results in widely distributed structural and
functional changes in the brain rather than the dysfunction
of a single brain area.

Traditionally, resting-state functional connectivity (rsFC)
focused upon constructing cross-correlation maps of the
chosen seed regions of interest with the other brain
regions, which reflects the temporal coherence of low fre-
quency fluctuations of BOLD signals between every two
spatially remote brain areas (Biswal et al., 1995; Biswal
et al., 1997; Cordes et al., 2002). It has been used to investi-
gate the functional changes in early blind individuals, and
found decreased rsFC between occipital and sensorimotor
areas and increased rsFC between occipital and frontal
areas (Liu et al., 2007; Yu et al., 2008). Although this
approach can find altered rsFC between two brain areas, it
cannot answer how the intra- and internetwork connectiv-
ity is altered in the brain. Thus, a better understanding of
the neurobiology of congenital blindness would require
investigations at the level of the brain network.

During resting-state, it has been suggested that the brain
is organized into multiple resting-state networks (RSNs)
(Damoiseaux et al., 2006; De Luca et al., 2006), which can
be identified by independent component analysis (ICA) on
resting state fMRI data. Investigations on the intra- and
internetwork connectivity have largely improved our
understanding on the large scale functional organization
in normal and abnormal brains (Buckner and Vincent,

2007; Fox and Raichle, 2007; Greicius et al., 2004). How-
ever, little is known, so far, about alterations in the func-
tional connectivity within and between RSNs in CB. We
hypothesize that the intra-network FCs may be altered at
least in the VN in the CB because of the altered structural
and functional characteristics of the occipital cortex in the
CB (Bridge et al., 2009; Jiang et al., 2009; Lepore et al.,
2010; Park et al., 2009; Ptito et al., 2008; Shimony et al.,
2006; Veraart et al., 1990). We also hypothesize that the
VN-related inter-network FCs may be altered in the CB
because the altered rsFCs have been reported between the
visual cortex and brain regions belonging to other RSNs in
the CB (Liu et al., 2007; Yu et al., 2008). This kind of study
will largely improve our understanding on the impairment
and compensatory plasticity in CB at the level of the large
scale functional network. In the present study, we used an
ICA-based RSN analysis to test the hypothesis that both
intra- and inter-network functional connectivity are altered
in CB.

MATERIALS AND METHODS

Subjects

Thirty seven CB and 76 sighted controls (SC) partici-
pated in this experiment after giving written informed
consent in accordance with the Medical Research Ethics
Committee of Tianjin Medical University. One sighted sub-
ject was excluded due to excessive head motion; thus 37
CB (23 males, mean age 24.5 6 4.9 years) and 75 SC (52
males, mean age 27.8 6 7.6 years) were finally included.
There was significant group difference in age [T (110) 5

22.43, P 5 0.017], but not in gender [v2(1) 5 0.58, P 5 0.45]
(Table I). All CB subjects had lost their sight since birth,
and 20 of them had weak light perception (Table II). None
of the CB subjects had a history of normal vision, and
none had memories of visual experience.

MRI Data Acquisition

MRI data were obtained using a 3.0-Tesla MR scanner
(Trio Tim system; Siemens, Erlangen, Germany) with a 12-
channel head coil. Tight but comfortable foam padding
was used to minimize head movement, and earplugs were

TABLE I. Demographic information and head motion of

participants

CB SC P value

Number of subjects 37 75
Age (years) 24.5 (4.9) 27.8 (7.6) 0.017
Sex (male/female) 23/14 52/23 0.45
FD 0.15(0.07) 0.15(0.06) 0.77

The data are shown as the means (SD); CB, congenital blind; FD,
framewise displacement; SC, sighted control.
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used to reduce scanner noise. The resting-state fMRI data
were obtained with a gradient-echo echo-planar imaging
(GRE-EPI) sequence. The acquisition parameters included:
TR/TE 5 2,000/30 ms, flip angle 5 90�, matrix 5 64 3 64,
FOV 5 220 mm 3 220 mm, 32 axial slices with a 3-mm
slice thickness and a 1-mm gap. The fMRI data was
scanned for 6 minutes with each functional run of 180 con-
tinuous volumes. During the fMRI scans, all subjects were
instructed to keep their eyes closed, to stay as still as pos-
sible, to think of nothing in particular and to not fall
asleep.

Data Preprocessing

The resting-state fMRI data were preprocessed using
Statistical Parametric Mapping (SPM8, http://www.fil.ion.
ucl.ac.uk/spm). The first 10 volumes of each functional
time series were discarded due to the signals reaching
equilibrium and the participants adapting to the scanning
noise. The remaining 170 vol were corrected for the acqui-
sition time delay between different slices and realigned to
the first volume. Head movement parameters were com-
puted by estimating the translation in each direction and
the angular rotation on each axis for each volume and the
translational or rotational parameters of all subjects were
within 2 mm or 2 degrees. Considering that small amounts
of head motion from volume to volume could influence
the functional connectivity results (Power et al., 2012a), we
also calculated framewise displacement (FD), which
indexes volume-to-volume changes in head position. The
FD was obtained from the derivatives of the rigid body
realignment estimates that are used to realign fMRI data
(Power et al., 2012a). We checked the FD of every subject
and found one sighted subject with a FD of > 0.5. This
subject was then excluded from further analyses. Although
there were no significant (P 5 0.77) differences in FD
between the CB and SC groups (Table I), we still used the
mean FD of each subject as a nuisance covariate in the fol-
lowing analyses. Following this step, each image was nor-
malized with the Montreal Neurological Institute (MNI)
EPI template image and resampled to 3-mm cubic voxels;
The normalized fMRI data were smoothed with 6-mm full
width at half maximum (FWHM). We also used a linear
regression process for further regressing out the linear
drift.

Independent Component Analysis

The ICA was performed employing a group ICA model
for fMRI data (GIFT) (http://icatb.sourceforge.net/, ver-
sion 1.3h) with three distinct stages: (i) data reduction, (ii)
application of the ICA algorithm, and (iii) back reconstruc-
tion for each individual subject (Calhoun et al., 2001;
Schmithorst and Holland, 2004). A three-step principal
component analysis (PCA) was used to decompose the
data set into 30 components. Subsequently, the Informax
algorithm (Bell and Sejnowski, 1995) was used in IC esti-
mation. In the back reconstruction step, the group ICA 3
(GICA3) approach, which has been shown to be a test-
retest reliable method to explore ICs (Erhardt et al., 2011),
was used to back-reconstruct the individual subject com-
ponents. After back-reconstruction, the IC time-courses
and spatial maps for each participant were acquired and
the subject-specific spatial maps were transformed to z
scores. Upon visual inspection, eleven meaningful compo-
nents were identified and represented functionally rele-
vant RSNs as described previously (Beckmann et al., 2005,
2009; Beckmann and Smith, 2005; Damoiseaux et al., 2006;
De Luca et al., 2006; Mantini et al., 2007). IC patterns

TABLE II. Demographic information of congenital blind

subjects

Subjects Gender
Age

(years)
Light

perception Causes of blindness

CB001 M 28 Weak Retinal dysplasia
CB002 F 28 Weak Retinal pigmentosa
CB003 F 27 None Optic nerve atrophy
CB004 M 23 Weak Fundus oculi illness
CB005 M 24 None Eyeball dysplasia
CB006 F 27 Weak Retinal pigmentosa
CB007 F 20 None Unknown
CB008 M 22 None Retinal dystrophia
CB009 M 30 Weak Congenital cataract
CB010 M 22 Weak Congenital cataract
CB011 M 27 None Optic nerve atrophy
CB012 F 20 None Microphthalmus
CB013 M 23 Weak Unknown
CB014 M 39 None Microphthalmus
CB015 M 36 Weak Hypoplasia of fundus oculi
CB016 M 29 Weak Unknown
CB017 F 21 Weak Hypoplasia of fundus oculi
CB018 M 31 Weak Congenital microphthalmus
CB019a F 27 None Hypoplasia of fundus oculi
CB020 F 27 None Congenital cataract
CB021 M 28 None Hypoplasia of fundus oculi
CB022 F 23 None Retinitis pigmentosa
CB023 M 21 None Retinitis pigmentosa
CB024 M 21 None Optic nerve atrophy
CB025 M 25 None Optic nerve atrophy
CB026 M 19 Weak Retinitis pigmentosa
CB027 M 25 Weak Retinitis pigmentosa
CB028 F 24 Weak Optic hypoplasia
CB029 M 22 None Congenital glaucoma
CB030 M 29 None Optic nerve hypoplasia
CB031 M 23 None Congenital glaucoma
CB032 F 27 Weak Optic nerve atrophy
CB033 F 16 Weak Optic nerve atrophy
CB034 F 18 Weak Retinitis pigmentosa
CB035 F 22 None Congenital cataract
CB036 F 22 Weak Congenital glaucoma
CB037a M 21 Weak Congenital glaucoma
CB038 M 19 None Optic nerve hypoplasia
CB039 M 19 None Retrolental fibroplasia

aThese two CB subjects were excluded from rest-state functional
connectivity analysis for excessive head motion. CB, congenital
blind.
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representing RSNs were entered into a random-effect one-
sample t test in SPM8. To improve the representativeness
of each RSN, we used t > 15 to select voxels of a compo-
nent. Then, a two-sample t test was used to compare the
synchronization differences within each network between
the CB and SC with FD, gender and age as nuisance cova-
riates. Multiple comparisons were corrected using a false
discovery rate (FDR) method with a statistical threshold of
q < 0.05 and a cluster size of >15 voxels.

Analyses of the Functional Network Connectivity

In spatial aspect, the ICs are maximally independent,
however; in temporal aspect the time courses are not inde-
pendent and can exhibit considerable temporal dependen-
cies which are significant among components. In contrast
to functional connectivity analysis that focused on the cor-
relation between a single seed region and the other brain
regions, we focused upon the temporal correlation among
different RSNs estimated from ICA. The time-courses of
each RSN were extracted from the ICA procedure, which
was then normalized with Fisher r-to-z transformation.
Then, the time-courses of each pair of the 11 RSNs were
used to calculate the temporal correlation, namely func-
tional network connectivity (FNC). A two-sample t test

was used to compare group differences in the FNCs with
a threshold of P < 0.005 (uncorrected).

RESULTS

Resting-State Networks

A total of 30 components were estimated by the ICA.
Eleven of these components coincided with RSNs
described in previous studies (Beckmann et al., 2005, 2009;
Beckmann and Smith, 2005; Damoiseaux et al., 2006; De
Luca et al., 2006; Mantini et al., 2007). These 11 RSNs are
shown in Figure 1. The default mode network (DMN) was
mainly composed of the posterior cingulate cortex and
precuneus (PCC/Pcu), the medial prefrontal and anterior
cingulate cortices (MPFC/ACC), and the bilateral lateral
parietal cortices (LPC) (Buckner et al., 2008; Fox et al.,
2005; Greicius et al., 2004; Raichle et al., 2001) (Fig. 1A).
The left and right frontoparietal networks (FPN) are
shown in Figure 1B,C, whose key nodes consisted of the
dorsolateral prefrontal cortex (DLPFC) and posterior parie-
tal cortex (PPC). Figure 1D–F show the sensorimotor net-
work (SMN) including the bilateral precentral and
postcentral gyri, and supplementary motor areas. Figure
1G–I correspond to the striate part (VN1), ventral part
(VN2), and dorsal part (VN3) of the visual network (VN),

Figure 1.

Cortical representation of brain networks identified in an inde-

pendent component analysis. (A) Default-mode network

(DMN); (B) Left frontoparietal networks (LFPN); (C) Right fron-

toparietal networks (RFPN); (D–F) sensorimotor network

(SMN); (G–I) Visual network (VN); (J) Salience network (SN);

(K) Audio network (AN). Color bar represents the t values

ranging from 15 to 25. Data are displayed on the lateral, medial

surfaces of each hemisphere. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]
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respectively. The salience network (SN) includes the bilat-
eral ventrolateral prefrontal cortex (VLPFC), anterior
insula (AI), and the dorsal anterior cingulate cortex
(dACC) (Beckmann et al., 2005; Fox et al., 2006; Greicius
et al., 2003; Seeley et al., 2007) (Fig. 1J). The auditory net-
work (AN) primarily includes the bilateral superior tem-
poral cortex (Fig. 1K).

Altered Synchronization of RSN in CB

After regressing out the effects of FD, gender and age,
in the SN, compared with SC, CB showed a significantly
increased synchronization in the right frontoinsular cortex
(FIC; peak MNI coordinates: x 5 45, y 5 21, z 5 6) and the
bilateral ventrolateral prefrontal regions (left: x 5 212,
y 5 57, z 5 12; right: x 5 18, y 5 57, z 5 24) (q < 0.05, FDR
corrected) (Fig. 2A). Moreover, CB also showed signifi-
cantly increased synchronization in the ventral part of the
VN bilaterally (x 5 29, y 5 284, z 5 29) (q < 0.05, FDR
corrected) (Fig. 2A). No brain regions showed a significant
decrease in synchronization in the SN or VN in the CB
group relative to the SC group. There are no significant
group differences (q < 0.05, FDR corrected) in the synchro-
nization of the remaining RSNs. To investigate whether
weak light perception affected the rsFC analysis results,
we also compared the rsFCs between CB subjects with and
without light perception. There was no significant group
difference even using an uncorrected P < 0.05.

It should be noted that the above statistical analysis was
based on a hypothesis that the rsFC has a linear relation-
ship with age. However, the linear hypothesis lacks strong
evidence, especially for young sighted adults, because the
age range of this cohort was relatively small and all

participants were young adults. To validate our results,
we performed a two-sample t test with a threshold of q <
0.05 (FDR corrected, cluster size > 15 voxels) without
removing the effect of age. We found that the main results
were similar with those after removing the effect of age
(Fig. 2B). No brain regions showed a significant decrease
in synchronization in the SN, VN, and SMN in the CB
group relative to the SC group. There are no significant
group differences (q < 0.05, FDR corrected) in the synchro-
nization of the remaining RSNs.

Altered FNCs in CB

Compared with the SC, CB subjects showed significantly
(P < 0.005, uncorrected) increased FNCs between the SN
and the right FPN, between right FPN and the VN, and
between the left FPN and the VN; while the FNC between
the VN and SMN was decreased in CB subjects (P < 0.005,
uncorrected) (Fig. 3). However, none of these differences
can survive after Bonferroni correction (P < 0.05). None of
the remaining pairs of RSNs showed significant differences
in the FNC between groups (P < 0.005, uncorrected).

DISCUSSION

To our knowledge, this is the first study that investi-
gates RSN connectivity alterations in CB. We found
increased synchronization within the SN and the occipital
cortex and enhanced FNCs between the SN and the FPN
and between the FPN and the occipital cortex in CB,
although the FNC between the occipital cortex and the
SMN was decreased. These findings provide novel insight
for the large scale functional reorganization in CB.

Figure 2.

Brain regions with significant differences between the CB and

SC in the intra-network connectivity with (A) and without (B)

removing the effect of age. Compared with SC, CB showed a

significantly increased synchronization in the right anterior insula

and bilateral ventral-lateral prefrontal regions of the SN, as well

as in the inferior and ventral parts of the occipital cortex bilater-

ally (q < 0.05, FDR corrected, cluster size > 15 voxels). L, left;

R, right; SN, salience network; VN2, ventral part of the visual

network. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]
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Increased RSN Synchronization in CB

Compared with SC, CB subjects showed increased syn-
chronization within the occipital cortex where increased
cortical thickness (Bridge et al., 2009; Jiang et al., 2009; Park
et al., 2009), brain regional homogeneity (Liu et al., 2011),
metabolism and blood flow (De Volder et al., 1997; Mishina
et al., 2003; Uhl et al., 1993; Veraart et al., 1990), and
decreased regional volume (Noppeney et al., 2005; Pan
et al., 2007; Ptito et al., 2008) were coexistence. Multiple
processes may contribute to the alterations in the occipital
cortex in CB. First, the synaptic pruning of the occipital cor-
tex is dependent on visual experience (Bourgeois et al.,
1989; Chechik et al., 1999) and is interfered with the CB,
which results in the relatively high synaptic density in the
occipital cortex. Secondly, early visual deprivation lead to
the increases in corticocortical (Karlen et al., 2006; Kupers
et al., 2006), thalamocortical (Karlen et al., 2006; Rehkamper
et al., 1994) and intracortical connections (Callaway and
Katz, 1991; Sur and Leamey, 2001) in the occipital cortex.
Finally, axonal degeneration secondary to the anterior vis-
ual pathway damage will result in the atrophy of the occipi-
tal cortex (Pan et al., 2007). All of these factors exert
differential influences on the structural and functional alter-
ations of the occipital cortex in CB. Therefore, the neural
mechanisms of the increased synchronization in the occipi-
tal cortex in CB are complex and may represent an inte-
grated consequence of the developmental, plastic, and
degenerative factors.

CB subjects also showed increased synchronization in
the right FIC and prefrontal cortex within the salience

network. This network responds to the degree of subjec-
tive salience, whether cognitive, homeostatic, or emotional
(Craig, 2002; 2009; Seeley et al., 2007), and serves to iden-
tify the most relevant among several internal and extraper-
sonal stimuli in order to guide behavior (Menon and
Uddin, 2010). In particular, the FIC, especially the right
one, is involved in detecting salient stimuli from the vast
and continuous stream of visual, auditory, tactile and
other sensory inputs and to initiate attention control sig-
nals, which are then sustained by the dorsal ACC and the
prefrontal cortices (Menon and Uddin, 2010). Loss of sight
makes CB subjects depend more on nonvisual inputs to
efficiently interact with the environment. Many pieces of
evidence have suggested that blind individuals showed
increased sensitivity to auditory and tactile stimuli (Gou-
goux et al., 2005; Pascual-Leone et al., 2005; Rauschecker,
1995). The increased synchronization in SN in the CB
might reflect the enhanced ability to identify salient stim-
uli from the auditory, tactile and other sensory inputs,
which may facilitate the bottom-up control of attention.

Altered FNCs in CB

The human brain is a large, dynamic system with an
optimal balance between functional specialization and
integration. Investigation on the intranetwork synchroniza-
tion may improve our understanding of the functional
specialization, whereas investigation on internetwork con-
nectivity may improve our understanding of the functional
integration of the brain. An intriguing finding of this study

Figure 3.

Inter-network function changes between groups. The functional

connectivity between the SN and FPN was increased in the CB,

as well as between the FPN and VN (P < 0.005, uncorrected);

the functional connectivity of the VN with the SMN was

decreased in these subjects (P < 0.005, uncorrected). Error bars

indicate standard error of mean (SEM). CB, congenital blind;

FPN, frontoparietal network; RSNs, resting sate networks; SC,

sighted control; SMN, sensorimotor network; SN, salience net-

work; VN1,striate part of visual network; VN2, ventral part of

visual network. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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is that CB showed increased FNC between the SN and the
FPN. As a key node of the SN, the right FIC plays a criti-
cal and causal role in activating the FPN and deactivating
the DMN (Sridharan et al., 2008). It has been suggested
that the SN is to first identify salient stimuli from the vast
and continuous stream of sensory stimuli (Menon and
Uddin, 2010). Once such a stimulus is detected, the SN
will initiate appropriate transient control signals to engage
brain areas (including the FPN) which mediating attention,
working memory and higher order cognitive processes
(Bunge et al., 2001; Crottaz-Herbette et al., 2004; D’Espo-
sito, 2007; Koechlin and Summerfield, 2007; Miller and
Cohen, 2001; Muller and Knight, 2006; Petrides, 2005). In
the CB, the enhanced FNC between the SN and the FPN
may represent a compensatory plasticity that supports a
normal cognitive function in CB even in the absence of
visual input.

In sighted subjects, it has been suggested that the FPN
was closely associated with the visual cortex to selectively
process task-relevant visual stimuli by a top-down control
manner (Chadick and Gazzaley, 2011; Gazzaley et al.,
2007). In the CB, the visual cortex shifts its function to pro-
cess the auditory and tactile stimuli (Burton et al., 2006;
Kujala et al., 2005; Poirier et al., 2006; Sadato et al., 1996,
1998). Thus the increased FNC between the FPN and VN
in the CB may reflect the enhanced top-down control of
attention to these sensory modalities, which partly
explains the better performance on the auditory and tactile
tasks (Gougoux et al., 2005; Pascual-Leone et al., 2005;
Rauschecker, 1995). Alternatively, this finding may repre-
sent a large scale functional reorganization of the
cognitive-related networks in CB because previous studies
have reported activations in the visual cortex of the CB
during a variety of cognitive tasks (Amedi et al., 2003;
Renier et al., 2010; Stevens et al., 2007).

In the present study, we also found decreased FNC
between the VN and SMN in the CB, which was well con-
sistent with two previous studies (Liu et al., 2007; Yu
et al., 2008). In these two studies, the CB subjects showed
decreased functional connectivity between the visual and
sensory-motor areas. General loss hypothesis due to the
absence of visual input may be a candidate explanation
for this finding (Liu et al., 2007; Yu et al., 2008).

Limitations

Several methodological issues should be considered
when one interpreting our findings. First, it has been
recently noted that even small amounts of head motion may
introduce artifactual interindividual and inter-group differ-
ences in fMRI metrics (Power et al., 2012a,b; Satterthwaite
et al., 2012; Van Dijk et al., 2012). More importantly, this
influence cannot be effectively removed by traditionally
regressing out head realignment parameters (Power et al.,
2012a). We tried to reduce the influence by excluding sub-
jects with an FD of >0.5 mm and performing our analyses

using the mean FD of each subject as a nuisance covariate.
Second, previous studies suggest that different size of
smooth kernel may generate different results (Fransson
et al., 2002; Geissler et al., 2005; Hopfinger et al., 2000; White
et al., 2001). In the present study, we tested the effect of dif-
ferent smooth kernels (FWHM 5 4, 6, and 8 mm) on our
results and found similar group differences in the SN and
VN across the three smoothing filters (Supporting Informa-
tion Fig. S1). Thus a smooth kernel of 6mm was adopted.
Third, there is no gold standard for determining the number
of components in the ICA. We determined the number of
components according to the representativeness of each
RSN based on previous studies (Beckmann et al., 2005, 2009;
Beckmann and Smith, 2005; Damoiseaux et al., 2006; De
Luca et al., 2006; Mantini et al., 2007). We have decomposed
our data into 20, 30, and 70 components. The scheme of 30
components seemed more plausible than the other two
schemes (Supporting Information Fig. S2). However, this
subjective selection of ICA components should be consid-
ered as a limitation of this study. Finally, we adopted differ-
ent methods for multiple comparisons based on the
effective size and the aim of the comparison. To construct
the typical structure for each RSN, we used a relatively high
threshold (t > 15) to improve the representativeness of each
RSN; however, in the FNC analyses, we used a compro-
mised threshold of P < 0.005 (uncorrected) to show the
trends of the group difference.

CONCLUSION

In this study, we investigated RSN connectivity altera-
tions in CB and found increased synchronization within
the SN and the occipital cortex and enhanced FNCs
between the SN and the FPN and between the FPN and
the occipital cortex in CB. The large scale functional reor-
ganization in CB may help us to understand the preserved
ability in cognitive control in the absence of visual input.
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