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The aim of this study is to apply the independent component analysis in a GIFT toolbox in a resting-
state functional MRI analysis of the visual cortex. The measurements were performed during rest
in normal subjects (20) and patients with multiple sclerosis (14) on a 3 T scanner. A number of
independent components influencing the visual network in the MS group in comparison with the healthy
group is discussed taking into consideration some spectral parameters such as: dynamic range and low
frequency fluctuation and value of kurtosis of time courses and spatial maps. Our analyses have shown
that healthy patients are characterized by higher and more numerous activations in the visual areas
than MS patients. It should be noted that spectral factors such as kurtosis of spatial maps is markedly
higher in the healthy group than in the MS one. The number of activations in the visual area of the
brain depends on model order ICA as well as on the kind of the group. The majority of activations in
the healthy group were found for ICA100 while in MS high model order (80,100) they were not seen.
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1. Introduction

Multiple sclerosis (MS) is an inflammatory and
degenerative disease of the central nervous system
(CNS) which is an area of ever expanding research
and escalating publications. The disease is char-
acterized by multiple lesions principally affecting
the white matter (WM), with consequent structural
and functional disconnection between various areas
of the CNS, resulting in a wide range of symptoms
and signs. MS is a progressive disorder that affects
the central nervous system. Resting state networks
(RSNs) abnormalities have been found in almost all
multiple sclerosis phenotypes [1–12]. The disease
is presented in many publications [13–20] including
those devoted to MRI. Unfortunately, conventional
imaging poorly characterizes the degree of injury in
demyelinated lesions and does not identify all the
pathology in MS [21].

Imaging new modalities have been developed and
applied to MS, i.e., MRI, magnetization transfer
imaging, spectroscopy, functional MRI, diffusion
tensor imaging and resting-state functional MRI
(rsfMRI). Functional magnetic resonance imaging
(fMRI) during the performance of various tasks has
provided a large amount of clinical and neuroimag-
ing data showing functional alterations in MS pa-
tients. Recently, there has been more interest in the

rsfMRI method allowing to explore the functional
connectivity (FC) of the brain. Brain functional
connectivity [22–24] is defined as the coherence in
the activity between cerebral areas under a task or
in the resting-state (RS), therefore the main pur-
pose of rsfMRI research is to understand alterations
in the intrinsic functional architecture of the brain
and their role in disease progression and clinical im-
pairment [25–28].

Many previous rsfMRI studies have identified al-
tered functional connectivity expressions and net-
works from different clinical populations [29–31].
Publications about rsfMRI are rarely presented, es-
pecially for the visual area, that is why we decided
to show only this area. A generally discussed topic
related to this area can be found (excluding multi-
ple sclerosis) in, e.g., [32, 33], where the analysis was
used and Group ICA decomposition in 49 and seven
relevant independent components of interest, classi-
fied into seven functional networks, was presented.
For 820 healthy adults, Zhang et al. presented the
statistical of FC in occipital networks [34].

Unlike fMRI during task execution, rsfMRI is
not influenced by task performance, which may dif-
fer from that of healthy subjects, especially in pa-
tients with clinical disability. RS-fMRI is a promis-
ing tool to study the relationship between sponta-
neous brain activity and behavioral performance.
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In an earlier study, rsfMRI has been shown to be
a promising tool for exploring brain functions rela-
tionship between spontaneous brain activity and be-
havioral performance and assessing their alteration
in neurodegenerative conditions [35].

The two main approaches to the analysis of RSNs
are based on correlation with the time course in
a predefined seed voxel [25, 36–38] and indepen-
dent component analysis (ICA) [26, 39–42]. ICA is
the most common network-based approach to iso-
late functional networks which is a two-dimensional
(time×voxels) data matrix into a set of time courses
and associated spatial maps. Independent com-
ponents (ICs) are thought to identify synchronous
blood oxygen level-dependent (BOLD) signals as-
sociated with distinct neural functionalities. ICA
mathematically decomposes different independent
components reflecting separate intrinsic neural net-
works, which can be applied to assess the spatio-
temporal neural networks and the impact of a par-
ticular disease on these networks.

Unfortunately, there are discrepancies in the pre-
sented analyses and the selection of components for
different disease entities. We focused on the selected
visual area because this area is strongly correlated
with the motor area which has been subject of our
earlier research [43]. The cortical activity is very
important for the quality of life both of patients
with MS and of healthy people.

We present analyses of the visual cortex and cere-
bellum for the MS group compared with the healthy
subjects using the ICA method with the popular
GIFT software. We focus on the presentation of
“Infomax” analysis for a selected number of compo-
nents for both groups.

2. Image processing and data analysis

2.1. Data

We used data from 14 patients with MS and 20
normal subjects. BOLD fMRI was acquired with
a Siemens Magnetom Skyra 3-Tesla scanner using
a whole-brain, gradient-echo echo planar sequence
with a 32-channel head coil. The measurements of
MS patients were acquired in Helimed Diagnostic
Imaging in Katowice and the healthy group — in a
hospital in Tübingen, Germany. A written informed
consent was obtained from each subject. The study
was approved by the institutional ethics commit-
tee of the University of Silesia and the hospital in
Tübingen.

The participants lay supine with their heads
snugly fixed by straps and foam pads to mini-
mize head movement. Images were scanned par-
allel to the anterior commissure–posterior commis-
sure line. The functional images were obtained
using an EPI sequence with the following pa-
rameters: TR/TE = 2000/35 ms for the healthy
group and TR 3140 for MS patients, voxel resolu-
tion = 3× 3× 3 mm3, number of time-points = 100

for MS group and 300 for healthy subjects, 30 ax-
ial slices, thickness = 3 mm, flip angle = 90 deg,
FoV read 190 mm. In addition, a T1-weighted
sagittal three-dimensional magnetization-prepared
rapid gradient echo (MPRAGE) sequence was
acquired, covering the entire brain: 192 slice,
TR = 2300 ms, TE = 2.11 ms, slice thickness
equals 0.94 mm, flip angle = 8 deg, inversion
time = 900 ms, FoV read = 240 mm, and in-plane
resolution 0.9× 0.9× 0.9 mm3.

2.2. Pre-processing

The functional and anatomical image manual
coregistration was performed using a SPM8 (statis-
tical parametric mapping) toolbox under MATLAB
R2014b software. The first three images were dis-
carded. After removing the files, functional im-
ages were manually coregistered and point (0, 0, 0)
in point anterior commissure (AC) for each subject
was set. Subsequently, data were processed by using
GIFT.

2.3. Post-processing

Post-processing was performed using the spatial
independent component analysis using the GIFT
software [44]. In our work, we used the scheme of
the rsfMRI data analysis according to Fig. 1. For
each subject, pre-processed data were decomposed
into a chosen number of 20, 40, 60, 80, 100 ICs by
using the Infomax algorithm and analysis because
the number of ICs and other algorithms in many
publications is chosen very freely. There is a lack
of knowledge about the effect of increasing model
order on ICs’ characteristics of RSNs. For each of
those components, characteristic time courses and
spatial maps were generated. For each of the pa-
tients, we calculated the fractional amplitude of
low-frequency fluctuation (fALFF) to characterize
the regional spontaneous activity in a voxel-wise
way using the GIFT toolbox.

Fig. 1. Scheme of the rsfMRI data analysis.
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TABLE IGroup analysis with the highest value of fALFF and dynamic range for the healthy group.

ICA20 ICA40 ICA60 ICA80 ICA100

Number of components 18 19 35 1 24
Coordinate 0.05, −88.5, 0.5 −6.5, −53.5, 0.5 −9.5, −62.5, 2.5 −0.5, −43.5, −10.5 8.5, −82.5, 27
Dynamic range 0.03074 0.030313 0.030635 0.023736 0.029379
fALFF 4.175 3.5451 3.8167 1.8322 3.7162

Number of components 19 28 48 54 44
Coordinate −2.5, −75.5, 27.5 0.5, −89.5, 7.5 0.5, −85.5, −2.5 −9.5, −62.5, 2.5 21.5, −92.5, 14.5
Dynamic range 0.031568 0.032045 0.030542 0.026954 0.029281
fALFF 3.5034 4.8957 4.5956 2.9545 4.3222

Number of components 39 59 59 61
Coordinate −3.5, −79.5, 27.5 −3.5, −79.5, 27.5 8.5, −81.5, 24.5 26.5, −69.5, −35.5

Dynamic range 0.030336 0.029008 0.027829 0.025704
fALFF 3.8778 3.4926 3.6199 2.166

Number of components 65
Coordinate −9.5, −52.5, 0.5
Dynamic range 0.024486
fALFF 2.0894

TABLE II

Group analysis with the highest value of fALFF and
dynamic range for the MS group (only the occipital
lobe).

ICA20 ICA40 ICA60
Number of components 15 37 45
Dynamic range 0.05682 0.065294 0.062494
fALFF 1.0952 1.5956 1.5393

From the remaining components, only voxels ex-
ceeding an arbitrarily set z-score cutoff of 1 were vi-
sualized as “activated” and finally we focused on the
occipital lobe and visualization results in the GIFT
toolbox. Finally, we presented and compared kurto-
sis (a dimensionless statistical measure to describe
the non-Gaussian nature of an arbitrary probabil-
ity distribution that quantifies over-concentration
of observed values in the far tails of some reference
distribution) for each person (see Tables I and II).

3. Results — ICA

Based on the obtained analysis, components with
the highest values of fALFF were selected (> 1) for
MS and for healthy subjects (Tables I, II). Next,
we focused on the analysis of these components
which contain areas of our interest, the areas of the
occipital and cerebellum. The cerebellum was taken
into consideration because it coordinates voluntary
movements such as posture, balance, coordination,
and speech which is very important.

Spatial maps of the analysis are shown in Fig. 2
and coordinates of their peak activations are pro-
vided in Tables I and II for the healthy and
MS groups.

Table I shows the selected components for the
visual and cerebellum area for the healthy group.

The majority of components were obtained using
ICA100, while the highest values in this area were
obtained for ICA40 (number of components: 28).
Regardless of the number of components selected,
the cerebellum and occipital areas of activations
were located. A much smaller number of com-
ponents with lower values were obtained for the
MS group.

It follows from Table II that the marked occipi-
tal activity in the MS group was received only for
three components (ICA 20, Ics15, ICA40, Ics37 and
ICA60, Ics45). The highest value for the conducted
analyses is 1.5 for fALFF while the fALFF values
for the healthy group are nearly three time larger
than for the MS patients.

Fig. 2. Compared results of visual networks for
the healthy and MS group. Infomax algorithm with
(a) ICA20, (b) ICA40, (c) ICA60, (d) ICA80, (e)
ICA100.
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Fig. 3. Example of FNC full correlations of resting state networks for 20 and 40 algorithm Infomax (ICA20,
ICA 40). Functional network connectivity correlations are computed for each data-set and averaged across
sessions for 14 subjects with MS (a, c) and 20 healthy (b, d) subjects for z-value presented.

Figure 2 presents the comparison of localization
of visual areas with the highest values of fALFF be-
tween the MS and healthy groups for using the ICA
method regardless of the declared number of com-
ponents. For the healthy group, strong activations
were found for all the studied number of compo-
nents: ICA 20 (low model order), 40, 60, 80 and
100 (high model orders). Components IC18, IC28,
IC48, IC59 allowed to locate the activation in the
same place in the brain. In the case of IC44 for ICA
100, activations were obtained in the visual area
and cerebellum (coordinates are placed in Tables I
and II). For the MS group, only the three compo-
nent values — component IC 15 for ICA20, IC37
for ICA40 and IC45 for ICA60 — were found. Un-
fortunately, the application for more components,
i.e., of ICA80 and ICA100, did not allow locating
the visual area.

It follows from Tables I and II that values for
kurtosis of time courses are relatively stable for both
groups (healthy and MS), unlike spatial maps.

Figure 3 shows FNC full correlations of rest-
ing state networks for 20 and 40 algorithm Info-
max (ICA20, ICA 40). For instance, based on
a 20-component analysis, strong positive correla-
tions were observed between the networks (IC No.
7 and IC No. 15) for the MS group and (IC No. 4
and IC No. 18) for the healthy group while for ICA
40, positive correlations were observed between (IC
39 and IC 19), (IC 28 and IC15) — the healthy
group, (IC 37 and IC 27), (IC 13 and ICA 27 ) —
the MS group. It is interesting that for ICA40 and

ICA60, higher values of FC for the healthy group
(up to 0.6) than for ICA20 (up to 0.4) were ob-
tained, unlike the MS subject.

4. Discussion

It was presented in, e.g., [45, 46], that studies,
with fMRI, have consistently demonstrated func-
tional cortical changes in the major multiple scle-
rosis (MS) clinical phenotypes. fMRI during the
performance of various tasks has provided a large
amount of data showing functional alterations in
MS patients [47]. Modifications were characterized
by an altered recruitment of regions normally de-
voted to the performance of a given task, the re-
cruitment of additional areas. Recently, researchers
have demonstrated the usefulness of rsfMRI for
MS diagnosis taking into consideration a differ-
ent region of the brain [10]. Unfortunately, very
few publications concern the visual area in the
MS group.

On the other hand, differences in the functional
connectivity of the primary visual area between in-
dividuals with amblyopia and normal-sighted sub-
jects using the resting-state functional magnetic res-
onance imaging were reported [48]. Recently, a new
work appeared presenting the rs functional connec-
tivities within the primary visual cortex and be-
tween the primary visual cortex and other cortical
areas [49] for the subjects with strabismic and a nor-
mal control group. Analyses on a group of patients
with the eyes open and with the eyes closed [50]

380



The 100 years anniversary of the Polish Physical Society — the APPA Originators

showed that no significant between-condition differ-
ences in connectivity strength were found in the de-
fault mode, attention, visual, and motor networks.
Dong et al. focused on evaluating the split-half
reproducibility of the rsfMRI measures in detect-
ing changes of the resting state activity between
eyes open and eyes closed [51]. Our work focused
only on analyzing patients with the eyes closed for
both studied groups (the MS group and the healthy
group).

Our analyses have shown that healthy patients
are characterized by higher activations in the visual
areas than the MS ones. It should be noted that sin-
gle and small activity (fALFF: 1–1.6) in the visual
areas in the MS group was observed (see Table II).
In addition, it is difficult to locate the visual area
in the use of ICA 80 or ICA 100 — in these cases
the analysis did not bring results. For healthy sub-
jects, components with higher fALFF were stronger
and (fALFF: 3–4.8) numerous (see Table I). In [52],
it was mentioned that the highest values for the
visual area were located for six components using
a 75-component GICA.

It should be noted that spectral factors, such as
kurtosis of spatial maps, are markedly higher in the
healthy than in the MS group. In our previous work,
differences in kurtosis of spatial maps and kurtosis
were found for the sensimotor cortex [43].

Our results provide functional organization in re-
sponse to MS which can be analyzed using algo-
rithm Infomax. ICA20 seems to be useful as a pre-
liminary test, while more numerous-component ICA
(ICA40, 60) shows more components with higher
values of fALFF refining research. In addition,
spectral factors such as fALFF, kurtosis of spatial
maps parametric determinants of rsfMRI were con-
sidered for the studied groups.

5. Conclusion

ICA as a relatively fast and widely available
method can be successfully used in the diagnosis
of MS. The visual area in the MS group showed
a smaller number of activation areas than in the
healthy group and characterized lower parameters
fALFF and higher values of kurtosis of spatial maps
in comparison with the healthy subjects.
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