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Abstract

During resting state the brain exhibits synchronized activity within all ma-
jor brain networks. Using blood oxygen level dependent (BOLD) resting state
functional magnetic resonance imaging (fMRI) based detection it is possible
to quantify the degree of correlation, connectivity, between regions of interest
and assess information regarding the integrity of the inter-regional functional
integration. A newly available multiband echo planar imaging (EPI) fMRI se-
quence allows for faster scan times which possibly allows us to better examine
large-scale networks and increase the understanding of brain function/dysfunc-
tion. This thesis will assess how the newly developed sequence compares to a
conventional EPI sequence for detecting resting state connectivity of canonical
brain networks. The data acquisitions were made on a 3 Tesla scanner using a
32 channel head coil. The hypothesis was that the multiband sequence would
produce a better result since it has faster sampling rate, thus more data points
in its time-series to support the statistical analyses.

Using Pearson’s linear correlation between the average time-series (approxi-
mately 12 minutes long) within a seed-region and all voxels contained in the
image volume, correlation maps where created for each of the eight partici-
pants using data normalized to Montreal Neurological Institute (MNI) space.
The resting state networks (RSN) were then found by performing a one sample
T-test on group level. Six seed-coordinates, based on literature, where used re-
vealing the the homotopic connections in anterior Hippocampus, Motor cortex,
Dorsal attention, Visual and the Default mode network (DMN) as well for an
anterior-posterior connection in the DMN.

By comparing the maximum T-values within the regions for the RSN no system-
atic difference could be found between the multiband and conventional fMRI
data. Further tests were conducted to evaluate if the sequences would differ-
entiate in their results if the acquisition time was shortened, i.e shortening the
time-series in the voxels. However no such difference could be established.

Importantly, the results are specific to the 32 channel head coil used in the
current study. Presumably recently available and improved coil designs could
better exploit the multiband technique.

Keywords: Blood oxygen level dependent, Echo planar imaging, Functional
magnetic resonance imaging, Multiband, Resting state networks, Linear corre-
lation
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BOLD Blood Oxygen Level Dependent
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FC Functional Connectivity

FID Free Induction Decay
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GE Gradient Echo

LFO Low Frequency Oscillations
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MRI Magnetic Resonance Imaging

ROI Region Of Interest
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2 Functional connectivity

1 Introduction

Functional magnetic resonance imaging (fMRI) is a widely used technique to
asses information regarding neural activation in the brain. Further more, it is
also used to measure functional connectivity (FC). FC referrers to functionally
and temporally linked neural activity in anatomically separated brain regions [1].
Over the last decades so called resting state fMRI (rs-fMRI) has gained advan-
tages to the traditional task-based-fMRI. During task-based-fMRI the patient
is instructed to perform a specific task while being scanned. This task is in turn
picked such as to activate neurons in regions connected to a specific utility, for
example sensory, vision, memory and motor function. Although this is a valid
and clinically used procedure it, as previously mentioned, requires the perfor-
mance of a task and can be difficult or impossible for patients with disabilities.
Furthermore studies has shown that rs-fMRI measurements, where the patient
does not need to think of anything in particular and lie still, can be performed
on subjects with consciousness disorders, pediatric patients and patients with
vegetative and minimal conscious states [2].

The support for rs-fMRI measurements began in 1995 when Biswal et al. showed
that the brain exhibited synchronized activation in the left and right motor cor-
tex during resting state. They had discovered that the low frequency oscillations
(LFO, <0.1 Hz) contained FC information. Since then the understanding for
FC has increased substantially [2, 3].

For the purpose of understanding brain function/dysfunction the mapping of
resting state networks (RSN) has proven to play an important role. However,
to fully understand and map the large-scale neural communication networks
the need for improved fMRI sequences is crucial. FMRI measurements utilizes
blood oxygen level dependent (BOLD) echo planar imaging (EPI) sequences.
Currently the main issue revolves around increasing the the temporal resolution
without sacrificing the spatial resolution and signal to noise ratio (SNR). For
a conventional EPI sequences it takes around two to three seconds to image
an entire brain volume with the isotropic voxel resolution 3 mm. The most
promising techniques to increase the temporal resolution relies on multiband
imaging. These allows for the acquisition of multiple slices simultaneously, as
compared to the conventional method that samples one slice at the time. This
effectively shortens the repetition time (TE) i.e increases the temporal resolution
while persevering the spatial resolution and adding no direct SNR penalty [2,4].

This aim of this thesis was to asses how a newly developed multiband EPI
sequence compared to a conventional fMRI sequence for the detection of rs-FC
of canonical brain networks. The comparison was performed by evaluating the
statistical certainty of the calculated networks as well as performing a visual
comparison.

2 Functional connectivity

The brain consists of numerous synaptic connections that together creates a
vast network. The connections consists of white matter tracts that directly and
indirectly connects spatially distinct regions through monosynaptic respectively
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2 Functional connectivity

multisynaptic connections. Since FC refers to the temporal correlation of syn-
chronized neural activity in spatially separated regions it is, not so strangely,
associated with the structural connectivity. However, the two are not com-
pletely coupled [5]. FC is observed between regions that lack direct anatomical
projections and can be modulated by task performance while the structural
connectivity remains unchanged. The concept of FC is not new and today it is
well known that the brain exhibits spontaneous activation not attributed to a
specific input or to the generation of a specific output, meaning that the brain
is never idle. This information is the basis for resting state measurements and,
as mentioned in the introduction, Biswal et al. showed that it could be observed
in the LFO obtained from the rs-fMRI signal [1, 3, 5].

2.1 Resting state networks

Over the years several networks have been reported to be strongly functionally
connected during rest, the so called resting state networks. In this thesis I stud-
ied the correlation within the homotopic connections in anterior Hippocampus,
Motor cortex, Dorsal attention, Visual and the Default mode network as well for
the anterior-posterior connection in the Default mode network. Hippocampus
is correlated to cognitive activation arising due to memory processing whilst,
as their names might suggests, the visual network is related visual impressions,
motor cortex to motor function and the dorsal attention network to attention
processing. These all overlap very well with results from task-based FC mea-
surements which supports their functional relevance [1]. In contrast to the other
networks, the Default mode network is known to show a higher neural activity
during rest as compared to when activated due to a cognitive task. This suggest
that activation of this network reflects the default state of the brain and is what
gave rise to its name. The neural activity of the DMN have been correlated to
the core process of human cognition including the integration of cognitive and
emotional processing, mind wandering and the monitoring of the world around
us [1, 5]. In Figure 1 the left brain hemisphere is displayed with markers in the
left respectively posterior parts of the RSNs.

Figure 1: The figure displays the left brain hemisphere where the different RSNs
(left respectively posterior regions) can be found. The numbering refers to: 1. Visual
Network, 2. Default mode network (left), 3. Default mode network (posterior), 4.
Dorsal attention network, 5. Motor cortex and 6. Hippocampus.
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3 Functional magnetic resonance imaging

3 Functional magnetic resonance imaging

When a patient is placed in a MRI machine they are affected by an external
magnetic field causing the hydrogen nuclei’s net magnetization in the region to
align with the field. When a directed radio frequency (RF) pulse is added the
alignment is broken and the nuclei magnetization starts to presses around the
external magnetic field with Larmor frequency. In accordance with Faraday’s
law of induction a current is then generated in a receiver coil that picks up
the transverse component of the magnetization (relative the magnetic field).
When the RF pulse is turned off the received signal decays exponentially in
only a few seconds. The signal loss is mainly due to the protons dephasing with
respect to each other in the transverse plane, causing the net magnetization
to go down, and the magnetization realigning with the external field in the
longitudinal plane. This signal is what is referred to as free induction decay
(FID). The time it takes for the dephasing to cause the magnetization to decrease
to aproximately 37 % of the initial magnetization after the RF pulse is referred
to as T2 relaxation. In reality the patient it self causes imperfections in the
magnetic field and tissue susceptibility changes and we measure something that
is called T ∗

2 relaxation [6].

EPI is a sequence that manipulates the dephasing in the FID with gradients
to invoke echos of heightened signal, due to this it is referred to as being T ∗

2

weighted. The optimal BOLD contrast is achieved at the echo time (TE) ap-
proximately equal to T ∗

2 , which makes the EPI highly sensitive to the BOLD
effect (the BOLD mechanism will be explained further down). During the last
decades it has been attempted to speed up the process of acquiring whole brain
scans to increase the temporal resolution. However many of these methods has
reached a state where improvements would make TE shorter than T ∗

2 and thus
result in a signal loss. New promising techniques instead utilize multiband imag-
ing that shortens the acquisition time without shortening TE by using multiple
RF pulses, exiting several slices simultaneously. In principle it is easy to think
that all slices could be exited and sampled at the same time, however this causes
an ill conditioned reconstruction problem with noise amplifications due to the
interference between the exited slices [4, 6].

The physiological reason for the signal intensity in fMRI scans, the BOLD mech-
anism, is determined by the local concentration of deoxy- and oxy-hemoglobin
in the cerebral blood flow as a response to neural activity. When a neuron is
activated there is an extraction of oxygen causing the ratio of deoxyhemoglobin
in the local tissue blood to go up. In the 1990s, when the mechanism was first
tested, the signal intensity was expected to go down [6]. This, due to the fact
that deoxyhemoglobin is paramagnetic which causes magnetic field distortions
(T ∗

2 shortening) and thus signal loss during fMRI scans. However, as the result
of a physiological response to the oxygen consumption, a local oversupply of
oxygenated blood occurs causing the deoxyhemoglobin ratio to decrease and in
turn the signal to increase [6]. In practise this means that voxels with increased
neural activity gives rise to a higher intensities.

Due to the way the BOLD signal is generated it is sensitive to cerebral blood
flow, cerebral blood volume and the cerebral metabolic rate and is predomi-
nantly influenced by cardiac pulsation (around 1 Hz), respiration (around 0.2-0.3
Hz) and LFOs in the range 0.01-0.1 Hz [2, 7].
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4 Data and sequence settings

The rs-fMRI data was acquired from ten healthy subjects from an ongoing
project at Umeå Hospital University in Sweden. During the scans the partic-
ipants were referred to thinking of nothing in particular, lie still and to look
at a fixation point. Before receiving the data from the project supervisor it
was made anonymous removing any personal information regrading the partic-
ipants. Both the conventional and multiband EPI rs-fMRI data was acquired
on a 3 Tesla scanner (Discovery MR 750; GE Healthcare, Milwaukee, WI, USA)
equipped with a 32 channel head coil, the specific sequence settings can be seen
in Table 1. Additionally each subject had anatomical images taken, supplied
for preprocessing purposes. All data was transformed to the Neuroimaging In-
formatics Technology Initiative (NIfTI) file format prior to receiving it. Due
to signal distortion of the multiband rs-fMRI data two of the subject were dis-
carded from the study. The disturbances came from a pair of glasses that those
participants used during the scans.

Table 1: This table displays the specifications for the conventional and multiband
EPI sequnces.

Settings Conventional sequence Multiband sequence
Multiband facor 1 6
In plane acceleration 2 1
Repetition time [s] 2 0.650
Number of repetitions 350 1110
Slice thickness [mm] 3.4 3
Slice gap [mm] 0.5 0
Voxel size [mm] 2.6·2.6 3·3
Slice orientation axial oblique

5 Postprocessing

5.1 Volumetric processing

All spatial prossessing was conducted in the program Statistical Parametric
Mapping v.12 (SPM12) in Matlab17b, using the following routines: Realign:
Estimate and reslice, Segment, Run Dartel (Create template), Normalize to
MNI space and Coregistrer: Estimate. The purpose of "Realign: Estimate and
Reslice" was to compensate for head motion during the scans. It matched all
scans of the individual participants by performing a spatial rigid-body transfor-
mation, minimizing the sum of the square distanced between scans. "Segment,
Run Dartel (create Template)" and "Normalize to MNI space" served to normal-
ize the scans into Montreal Neurological Institute (MNI) space for the purpose
of conducting a comparison between the two image sequences. "Segment" cre-
ated tissue probability maps (for white and grey matter) from the anatomical
images which were later used in "Run Dartel (create Template)" to in turn cre-
ate nonlinear deformation templates. "Normalize to MNI space" then used the
images created in the first routine and the deformation templates to warp the
images into MNI-space. During this step the voxel sizes were set to the isotropic
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5 Postprocessing

(a) Grey matter (b) White matter

Figure 2: Figure (a) and (b) the displays the grey and white matter templates created
during the volumetric processing normalized to MNI-space.

resolution of 3 mm obtaining a matrix size of 73 · 61 · 61 voxels. In addition to
this a Gaussian FWHM kernel of twice the voxel size was used to smooth the
data. As the last step "Coregistrer: Estimate" aligned all participants images
with each other.

5.2 Temporal Processing

The temporal processing consisted of dummy removal, detrending, nuisance re-
moval and frequency filtering. Dummies is an expression used to describe the
first time cycles in the EPI sequence. During these scans the magnetization in
the longitudinal plane had not yet reached equilibrium which resulted in them
having a significantly higher intensity, which caused the intensity values in the
remaining scans to disappear in comparison. As a consequence of this the first
ten image volumes were removed from both the conventional and multiband
data. The data was then detrended (performed by a mean value removal from
the time-series within each voxel) to remove systematic hardware drifts and off-
sets. Nuisance removal was performed by using the transformation parameters,
which was an additional output from "Realign: Estimate and Reslice" described
in the previous section, and the global signal in the images to perform a linear
approximation of the fMRI signal. The global signal was calculated as the mean
time-series from all voxels contained within the non zero regions in the grey and
white matter templates created in "Run Dartel (Create Template)", see Figure
2, and represented the signal that was present independent of the BOLD signal
from the individual participant. Then, the residuals were calculated according
to

ε = Y − Ŷ = X(XTX)−1XTY, (1)

where ε is the residual-time-series or rather the nuisance free time-series, Y the
fMRI time-series, Ŷ the linear approximation and X the nuisance parameters.
This might seem backwards but what I wanted was the signal that could not
be explained by the nuisance ergo the residuals. The final step was then to use
a band pass filter, between 0.01-0.1 Hz, in the frequency domain to remove the
frequencies not contained within the LFO region.
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6 Network calculation and sequence comparison

A seed-approach was selected as a robust way to assess FC [3]. The seed-
approach was based on linear correlation between the average time-series within
a region of interest (ROI) and the time-series in all voxels within the image
volume, and consisted of two steps: first the calculation of the ROI and secondly
the correlation analysis. Then, the final step was to compare the multiband and
conventional EPI sequences.

6.1 Regions of interest

To be able to perform the correlation analysis and the sequence comparison,
the reference-coordinate (seed-coordinate) and corresponding region coordinates
(mirror-seed-coordinate) were chosen from the MNI-coordinate system and can
be seen in Table 2. All coordinates were chosen from literature1 and corre-
sponded to MNI-coordinates known to have high correlation within their specific
regions. For all ROIs the seed-coordinates were situated in the left brain and the

Table 2: Seed-coordinates and the corresponding mirror-seed-coordinates in the MNI-
coordinate system. lr and ap denotes a left-right respectively a anterior-posterior
connection in the network while the notation sc refers to a subcortical network.

Region Seed- Mirror-seed-
coordinate coordinate
x, y, z x, y, z

1. Visual lr, [8] -15, -56, -8 17, -56, -8
2. Default mode network lr [9] -47, -71, 29 50, -64, 27
3. Default mode network ap [9] 1, -55, 17 0, 51, 17
4. Dorsal attention lr [10] -25, -67, 52 22, -70, 54
5. Motor cortex lr [11] -40, -20, 52 40, -20, 52
6. Hippocampus lr sc -20, -10, -16 22, -8, -16

mirror-seed-regions in the right, except for the Default mode network ap where
the seed-region was placed in the posterior brain and the mirror-seed-region in
the anterior. These regions were chosen to be able to examine the homotopic as
well as the anterior-posterior connections in the brain, whilst looking at cortical
and subcortical structures. The ROIs where then calculated as the mean of
all voxels time-series enclosed within a sphere of a specific diameter, centered
around the seed-coordinate voxels. This was done for a diameter of 27 mm
and 9 mm, which represented 9 respectively 3 voxels. The larger diameter was
simply added to give an extra dimension to the analysis.

6.2 Correlation analysis

By implementing Pearson’s linear correlation coefficients,
1With the exception for Hippocmpus, where the coordinates where supplemented by the

supervisor, and the mirror-seed-refion for Motor cortex that was chosen as the direct mirror
image of the seed-coordinate.

6



6 Network calculation and sequence comparison

cc =

∑N
i=1(ri − R̄) · (si − S̄))√∑N

i=1(ri − R̄)2 ·
∑N

i=1(si − S̄)2
, (2)

for each voxel in the imaging volume, correlation maps where created for each
participant. In Equation (2) r represents the average time-series in the chosen
seed ROI, s the time-series in that voxel, and R̄ and S̄ the average signal in-
tensities for r and s respectively. The summations then ranges from the first
to the last time step, N , in the time-series. The correlation maps were then
transformed using Fischer’s Z-transform to obtain a normal distribution after
which the RSNs were obtained by performing a one-sample T-test on group
level, removing all values below T=3.

6.3 Sequence comparison

The comparison between the multiband and conventional EPI sequence con-
sisted of three evaluation points:

1. Visual interpretation of the RSNs

2. Comparison of the maximun T-values together with the corresponding
cc-values

3. Comparison of a time-series length reduction

(1) The visual interpretation came directly from projecting the clusters of non-
zeros from the T-test onto a brain image. (2) To asses the statistical strength
of the RSNs, or rather the certainty of the RSNs not being created by chance,
the local maximum T-values around the mirror-seed-coordinates were extracted
using SPM12. To accompany these values the mean and standard deviation of
the cc-values from the participants were calculated from the same coordinates as
the T-values were taken from. (3) The third test was performed to assess if the
sequences would differentiate if the acquisition time would have been shortened.
The time-series reduction was performed for regions 3, 5 and 6 in Table 2. These
where chosen due to their representation of the of the connections described in
the previous section. For each time reduction the T-values were extracted from
the same coordinates as the ones that produced the maximum T-value in (2).
Furthermore the significance level in the T-test was removed to obtain values
even though they were under the T-value limit.

The underlying assumption for all the tests was that the certainty of cc-values
would reflect upon the results hypothesizing that the multiband sequence would
perform better. As can be seen in Table 1 the multiband sequence had 1110
repetitions, whilst the conventional sequence had 350.

7



7 Results

7 Results

The visual representations of the anterior and posterior default mode network
(DMN), hippocampus (HC) and motor cortex (MC) can be seen Figure 3, where
the left column represents the conventional sequence and the right the multiband
sequence, calculated from from the ROIs with diameter 9mm. Figure 4 contains

(a) C: DMN (b) M: DMN

(c) C: HC (d) M: HC

(e) C: MC (f) M: MC

Figure 3: This figure visualizes the DMN, HC and MC networks. C indicates that
it came from the conventional sequence while M indicates the multiband sequence.

four subfigures, 4a displays the local-maximum T-values for both sequences
obtained in aDMN, rHC, rMC, right Dorsal attention (rDAN), Visual (rV) and
Default mode network (rDMN). The other three (4b, 4c and 4d) contains the
results from the time-series length reduction in rMC, aDMN and rHC. As can
be seen in the figure the tests started by using one eighth of the full time-series
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7 Results

and then calculated the results by adding one eighth until the entire signal was
used. Table 3 lists the coordinates that the T-values were found in, the mean
and standard deviation of the eight participants cc-values in that coordinate
and a the result from Wilcoxons signed rank test comparing the cc-values for
the different sequences. All tabulated values were calculated for the ROIs with
diameter 9 mm. By inspection it can be seen that the c̄c-values were higher in
all RSNs for the conventional sequence, quite contradictory to the hypothesis.
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Figure 4: Figure (a) displays the local maximum T-values for the multiband and
conventional sequences obtained for the rHC, rM, rDAN, rV, rDMN and aDMN for
the seed ROIs with diameter 9 and 27 mm. Figure (b), (c) and (d) shows the T-
values obtained in the length reduction test for rMC, aDMN and rHC. The x-axis
displays how much of the total time-series that was used for the calculations. The
black horizontal line represents the T-value at 3.
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8 Discussion

Table 3: A summary of the results for all ROIs with diameter 9mm. The first column
list the region and the second the Mirror-seed coordinates. The third states which
sequence column four and five corresponds to, M for multiband and C for conventional.
Column four lists the obtained local-maximum coordinates and five the mean and
standard deviation of the correlation coefficients from all patients in those coordinates.
The last column contains the results from a Wilcoxon signed rank test between the
conventional and multiband sequences calculated from the same correlation coefficients
as column five. h=0 indicates that the null hypothesis could not be rejected while h=1
indicates that the null hypothesis could be rejected at a 5% significance level.

Region Mirror-seed M/C Local-max. c̄c ± σcc non Parametric-
coordinate coordinate test
x, y, z x, y, z

rV 17, -56, -8 M 21, -60, -6 0.42 ± 0.21 h=1, p=0.008
C 21, -48, -6 0.59 ± 0.09

rDMN 50, -64, 27 M 51, -72, 27 0.44 ± 0.12 h=0, p=0.3828
C 54, -66, 24 0.52 ± 0.11

aDMN 0, 51, 17 M -3, 42, 15 0.21 ± 0.12 h=1, p=0.008
C 0, 51, 21 0.49 ± 0.20

rDAN 22, -70, 54 M 27, -66, 48 0.47 ± 0.14 h=0, p=0.148
C 27, -72, 45 0.52 ± 0.15

rMC 40, -20, 52 M 36, -21, 60 0.36 ± 0.12 h=1, p=0.009
C 42, -15, 57 0.59 ± 0.14

rHC 22, -8, -16 M 27, -9, -15 0.38 ± 0.10 h=0, p=0.054
C 27, -12, -18 0.49 ± 0.15

8 Discussion

In the present study 8 participants were scanned using a conventional and multi-
band EPI sequences to compare rs-FC analyses. The comparison was conducted
by examining the T-values created from a one-sample T-test based on all par-
ticipants results from a seed-correlation study for several RSNs. Furthermore a
visual interpretation of the RSNs was performed. For the calculations a slightly
shorter acquisition time was used for the conventional sequence. However, the
difference in time only represented around 3% of the total number of data points
in the time-series, which would not have produced a significant change to the
results.

The visual representations in Figure 3 showed a high spatial overlap between the
sequences indicating more similarities than differences. The largest difference
seems to have been in anterior DMN where the conventional sequence displayed
a much larger area than the multiband sequence. The T-values are inversely
proportional to the standard deviation, and if one look in Table 3 it can be seen
that the multiband sequence had a larger standard deviation, in relation to its
mean value, which to some extent could explain the difference.

The hypothesis was that the multiband sequence would produce more reliable
correlation coefficients, due to the larger number of repetitions, and that this
would be reflected in the group analysis. With the same reasoning the T-
values were expected to be lower for shorter time-series in the length-reduction
analysis as well. This could be observed for rMC and rHC, but surprisingly not
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8 Discussion

for aDMN, see Figure 4. The behaviour was perhaps best represented by rHC
for the smaller ROI. If that would have been representative for all the networks
the acquisition time for the multiband sequence could have been reduced quite
significantly whilst still producing the same certainty (T-value) of the network as
for the conventional. By inspection it could be seen that the multiband sequence
could have been shortened to at least 5/8 of the total time-series whilst still
keeping the same T-value as the conventional at full length. However, in rMC
(Figure 4b) it instead seemed that the conventional and multiband sequences
performed very similarly.

For the larger diameter one could expect a higher certainty to the correlation
coefficients due to the fact that more noise would have been removed during
the averaging in the calculation of the reference time-series. The expected effect
of this could be seen in rMC where both sequences obtained higher T-values
than for the smaller diameter. However, 27 mm in diameter was quite large and
voxels that did not activate simultaneously, ergo regions of different functional
specialization, might have ended up being averaged together which potentially
worsened the results. As could be seen in Figure 3d the seed-region connected
territory was slightly smaller for the multiband sequence than for the conven-
tional in Figure 3c (keep in mind that those results were for the smaller ROI).
This might explain why the multiband curve for the larger ROI in rHC dipped
below the curve for the smaller ROI. Figure 4c was harder to interpret since
non of the above reasoning seemed to explain it. This was just an observation
and needs further looking into. An other interesting point from Figure 4b and
4d was that the T-values almost seemed to increase linearly over time, which
potentially could be important information in further research studies.

Figure 4a displays the T-values for all the Local-maximum coordinates listed in
Table 3. By inspection it seemed that the sequence which created the highest
value was quite random. For one region, for example rMC, the multiband se-
quence produced the higher T-value for the larger diameter whilst it presented
a smaller T-value for the smaller diameter, then in rHC the opposite was ob-
served. What could be taken from this figure was that the sequences overall
seemed to have compatible performances.

MC, HC and ap-DMN were chosen to evaluate further since they were represent-
ing a homotopic, a subcortical and a posterior-anterior connection respectively,
which potentially could have caused a difference in the results. However there
seemed to be no clear indication of this.

By inspection of the mean correlation coefficients in Table 3 it could be seen that
the conventional sequence produced higher values than the multiband sequence.
The multiband data contained more noise which possibly could have explain
the lower values, but from the discussion above it seems that it was compatible
with the conventional sequence which could indicate that the extra data points
in the time-series were compensating for this behaviour. Then, the parametric
test was added to display differences in the sequences, seemingly there were
some but not in all of the regions.

Looking at the local-maximum coordinates in Table 3 it was clear that the peak
values did not lie in the same points. Some instability in the peak coordinates
was expected for a small sample size, but the variability between the sequences
was potentially worsened by their different sensitivity to spatial inhomogeneities
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in the magnetic field. Such distortions could underlie the apparent discrepancies
in the DMN rs-FC in the anterior part of the brain, see Figure 3a and 3b. This
was an important aspect to know when looking at values in specific voxels but in
general, as mentioned above, the networks seemed to overlap well. For further
studies it would be an interesting evaluation point to see how the sequences
would have performed if they were compared in the same coordinates.

In addition to the aforementioned discussion topics it is important to note that
the all data was collected using a 32 channel head coil optimized for in-plane
acceleration, which presumably gave the conventional sequence a slight advan-
tage. For future research it would be advised to use a head coil more optimized
for out of plane slice acceleration as well, to possibly decrease the multiband
sequence signal distortions.

9 Conclusion

The results from the local maximum T-value analyses suggested no quantitative
difference between the multiband and conventional EPI sequence regarding the
statistical certainty of the investigated RSN. The visual interpretation displayed
a good regional overlap indicating that the sequences found the same RSNs.
From this it was concluded that the multiband EPI sequence could be used
to measure resting state functional connectivity networks. However, for the
hardware (i.e the 32 channel head coil) and sequence parameters utilized in
this study, no obvious improvement to the conventional EPI sequence could be
found.
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