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Partial deactivation of default-mode brain network
during simple motor task execution
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We used model based functional MRI independent component analysis approach for the detection and
characterization of the described networks functioning during simple motor task execution. Direct
connection between the task execution and anticorrelated functional connectivity of sensory-motor and
default mode networks was shown. We observed blood oxygenation level dependent signal (BOLD) frequency
characteristics of the default mode network (DMN) together with the sensory motor network (SMN). The
results demonstrate a reproducible specific configuration of BOLD low-frequency spectrum. Neural network
BOLD spectral profile approach may be used for future analysis of its functioning and dynamics rules of
brain regions connectivity. Regions of precuneus and posterior cingulate cortex were shown to deactivate
Just partially. Sensorimotor and default-mode networks were functionally connected in the anticorrelated
manner with the prevailing frequencies of the BOLD signal oscillation f1 = 0.0153 + 0.0051 Hz and
f2=10.0204 £ 0.0051 Hz, where f — frequency of BOLD oscillation. At our study we have found out, that
only some separate parts of pC and PCC were deactivated during the task execution. This possibly might
support the hypothesis that non deactivated regions of precuneus (pC) and posterior cingulate cortex
(PCC) remain active to regulate the transitions from the activated state to the deactivated and back while
monitoring the external environment and commands. The last may support the hypothesis of the role of
posterior cingulate cortex as a “hub” in default mode networks where non deactivated parts remain active

for further control of others default mode networks region state switching.
Key words: default mode network; sensory-motor network; fMRI; independent component analysis.

INTRODUCTION

It was shown that BOLD signal, originally pro-
posed for functional MRI (fMRI) by S. Ogawa
[1], arises from the increases in neural activity
[2], thus BOLD signal time course can be ex-
trapolated onto synchronized population neural
oscillations. Since the application of indepen-
dent component analysis (ICA) method for the
fMRI data analysis, resting state fMRI gained
considerable interest. It was shown that differ-
ent regions of human brain function coherently
thus forming large-scale compound functional
neural networks [3]. But ICA decomposition
of the model-based fMRI data is not so wide-
spread, although it is powerful instrument for
the analysis.

Task execution is supported by task-positive
(TPN) and task-negative (TNN) neural networks

[4]. The execution of movement is supported
by sensory-motor neural network (SMN)
increased activity [5]. So, SMN can be defined
as TPN. Also, impellent act is accompanied by
deactivation of the ipsilateral primary motor
cortex, which is dedicated to intercallosal
interhemispheric inhibition [6]. Brain regions of
the precuneus (pC), posterior cingulate cortex
(PCC), bilateral inferior parietal lobule (IPL)
and medial prefrontal cortex (MPFC) were
shown to be functionally connected [3, 7]. It
was assumed that they form so-called default
mode network (DMN) because of its specific
functioning in the resting-state at the time of
mind-wandering, memory recall, or future
planning, without any external input [3]. Also,
this network was shown to decrease its activity
specifically with task execution [3, 6, 7]. So,
DMN can be defined as TNN.
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Although the structure of SMN and DMN
was largely studied, the frequency spectrum
of BOLD oscillations at these regions is less
examined. Also, DMN is poorly described in its
direct functions [8]. Several studies conclude
that primarily BOLD signal oscillations at
the DMN regions are located in the lower
frequency range [4]. But more precise frequency
analysis of BOLD signal at the functional
neural networks still remains ill-defined. Thus,
we aimed to examine whether BOLD signal
frequency estimation could be used as analytical
approach for TPN and TNN analysis during the
task execution.

METHODS

The group of young adult volunteers was
examined with fMRI using 1.5T Signa Excite
HD (“General Electric”, USA). The group
included 20 healthy volunteers with no signs of
neurological disorders (12M, 8F, 21-35 y.0.). All
subjects were right-handed and gave informed
consent about participation in the study,
approved by local bioethical committee. During
examination, the volunteers were asked to lay
motionless, except executing finger tapping task,
with closed eyes and supine palms, thinking of
nothing in particular.

Full-brain fMRI data were acquired using MRI
scanner 1.5T Signa ExciteHD (“General Electric”,
USA). Multislice T2*-weighted gradient echo
EPI images were obtained with such parameters:
TR/TE =3000/71 ms, FA=90°, NEX = 1, voxel
dimensions 4x4x6 mm. 25 slices covering
brain from the cerebellum to the vertex for
each volunteer were acquired. High resolution
T1-weighted anatomical scans were obtained
for each subject with pulse sequence FSPGR.
Parameters for pulse sequence TR = 11.6 ms,
TE = 5.2, TI = 450 ms, voxel dimensions =
0.98x1x1.5 mm. The model-based fMRI data
were acquired during 4 min scanning session,
50 timepoint images were received. Task
execution was formed into 3 blocks of rest and
activation, each lasting for 30 s, so the period

4

of paradigm oscillation was 60 s (Figure, B).
Thus, the frequency of modelled oscillation was
f=0.0167 Hz.

Model-based fMRI data processing was
carried out using FEAT, part of FSL (FMRIB’s
Software Library) [9]. Activation and deactivation
were modelled with GLM as an opposite contrasts.
Model-based two-step ICA analyses was done
using GLM design matrix. Single subject and
group ICA analysis was carried out using
MELODIC, part of FSL [10].

SMN and DMN networks were delineated
by visual analysis of its’ correspondence to
earlier mentioned brain structures. Based on
the conditions of the study, we measured the
frequency of BOLD signal in the range of
0.0051 to 0.1275 Hz. Taking the data from ICA
analysis, specifically frequencies and related
power value at specific frequency, we separated
whole spectrum into significant and insignificant
range. Significant part of the spectrum was
defined within of 0.0051-0.0357 Hz, where
power values were much higher than in another
range (P = 0.05). Data out of this range were
considered insignificant.

RESULTS AND DISCUSSION

Neural oscillatory activity which may be
estimated by the single cell recording or
local field potential technique is compressed
and flattened if measured by BOLD signal
oscillations because of the restriction of MRI
sampling rate (TR value), hemodynamic response
delay and smoothing character of hemodynamic
response function. Thus, evaluation of BOLD
signal oscillations is not direct measurement
of neuronal electrical or metabolic events, but
rather indirect characteristic of neural activity.
As in EEG, oscillation analysis by its mean
power values at defined frequencies can be used
for BOLD signal oscillation characteristics.
By using the GLM, we have found that simple
unilateral finger tapping task is accompanied
by the activation and deactivation of the human
brain as described [6]. Regions of activation
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were found in the contralateral hemisphere of the
brain (Table; Figure, A), particularly, at the site
of primary sensory-motor cortex (M1/S1__ ),
supplementary and ventral premotor cortex
(SMA_ .- PMV__ ), ipsilateral hemisphere of
the cerebellum (Cerebispi).

Such pattern of activation was widely de-
scribed [6]. Pattern of deactivation included
regions of ipsilateral sensory-motor cortex (M1/
S1 ipsi), and regions of DMN, particularly regions
pC, PCC, MPFC, bilateral IPL. Deactivation of
such regions is consistent with previous analyses
of task-dependent DMN decrease and functional
connectivity [3]. Noteworthy, pC and PCC were
deactivated incompletely during the motor task
execution. It is widely accepted that during the
rest conditions whole pC and PCC are function-
ally connected to form DMN [7].

Analysis of fMRI data with ICA revealed
synchronization of the M1/S1__ ., SMA__ .
Cbellipsi, PM, in terms of BOLD signal oscilla-
tion at the described regions of SMN. The last
observation testifies the functional connectivity
in the described regions and supports the find-
ing of the GLM analysis. Also, it is supported

by other observations [3, 4]. Results of the
ICA showed the functional connectivity of the
regions of pC, PCC, MPFC and bilateral IPL,
and are accepted to form DMN [3]. Noteworthy,
SMN and DMN were functionally connected
in the anticorrelated manner (opposite in cor-
relation ratio values and phase of the signal
time course) with the prevailing frequencies
of the BOLD signal oscillation f, = 0.0153 +
0.0051 Hz (P = 456) and f,= 0.0204 + 0.0051
Hz (P = 533), where f — frequency of BOLD
oscillation, and P — relative power (Figure, C).
Described frequency spectrum corresponds to
the previously estimated frequency of paradigm
execution (f = 0.0167 Hz). The last testifies the
direct connection between the task execution and
anticorrelated functional connectivity of SMN
and DMN. The topography of DMN functional
connectivity was the same as measured by the
GLM analysis.

DISCUSSION

Presently, more and more papers showing
functional connectivity of different regions of
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Task-positive and task-negative neural networks functioning under simple unilateral motor task execution. A — activation of
contralateral SMIN (red) and deactivation of DMN and ipsilateral primary sensory-motor cortex. B — paradigm of motor task
execution. C — ICA decomposition of task based fMRI data with BOLD frequency spectrum (red and blue show anticorrelated
manner of SMN and DMN functioning)
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Regions of brain activation and deactivation under the execution of simple unilateral finger tapping task

Coordinates MNI152
Topography BA < | y | 7
Activation
Precentral and postcentral gyri Mmi/st,.. L 43 -38 -20 58
Dorsal medial part of the superior frontal gyrus SMA_ .. L 6 -8 -2 52
Inferior part of precentral and adjacent inferior frontal gyri PM_ L 6 -60 4 26
Upper part of cerebellum hemisphere Cerebipsi R - 14 -54 -18
Deactivation
Precentral and postcentral gyri Ml/Slipsi L 43 24 -30 78
Precuneus and posterior cingulate cortex pC, PCC c 7,31 0 -68 22
Medlal prefrontal cortex and ventral anterior part of MPFC C 932 ) 54 _4
cingultate gyrus
Inferior parietal lobule RIPL R 39 38 -80 40
Inferior parietal lobule LIPL L 39 -46 -74 32

Notice: R —right, L — left, C — center, BA — Brodmann’s area.

the human brain are arising [3, 4, 7]. SMN is
involved in motor task execution [6]. Functioning
of DMN is involved in many cognitive and task-
related processes, and its disruption is related to
several diseases [3].

This is one of the first attempts to analyze
dominating frequencies of the BOLD signal
oscillation in the regions of SMN and DMN
during the motor task execution. We observed
BOLD frequency characteristics of the DMN
together with the SMN. The results demonstrate
a reproducible specific configuration of BOLD
low-frequency spectrum. This study extends
the trend in exploration of the frequency
characteristics of fMRI data and neural networks
and provides new insights into the functional
organization of the brain.

It is widely accepted that cortical control of
a simple movement is controlled by SMN neural
network consisted of M1/S1_ ., SMA_ . PM_,
Cbellipsi [6]. Previous study [5] evidences that
neural code of the memorized movement, as
a scheme of spatial extremity translocation,
is formed in the PM  independently of the
extremity lateralization. Possibly, further
movement is lateralized in the contralateral
PM, and SMA__  [11]. After the lateralization,
the efferent signal moves to the dentate nucleus
of the Cbell. ., where the command of the

ipsi®

movement starts, the synthesis of afferent data
and muscles coordination takes place. From
the Cbellipsi through the ventrolateral nucleus
of the thalamus signal forthcoming to the
somatotopically organized M1/S1__ ., from
which, through the pyramidal tract, it comes to
the alfa-motoneurons of the ventral horns of the
spinal cord [6, 11].

Although the structure of DMN is widely
studied, its function remains poorly defined
[8]. Analysis of the separate nodes of the
DMN with the MACM has shown functional
heterogeneity of its structure [8]. Also, in this
paper the existence of functionally different
loops, which are connected through the “hub”,
the PCC, was shown. As described, DMN
can dynamically change its structure, while
transforming from synchronized regions at rest
to the desynchronized state at the task execution
period and restoring its synchronized structure
when returning to the resting state [12]. We show
here that only some separate parts of pC and
PCC were deactivated during the task execution.
This possibly might support the hypothesis
that non-deactivated regions of pC and PCC
remain active to regulate the transitions from
the activated state to the deactivated and back,
while monitoring the external environment and
commands.
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We have tested the implementation of
ICA method for the analysis of task-based
fMRI data. The ICA and GLM analyses revea-
led comparable pattern of activation and
deactivation. The ICA revealed the spectrum
of BOLD signal oscillation in the regions of
activation and deactivation. Thus, using the
estimated frequency of oscillation one can
analyze the correspondence of the topography
to the task executed with the defined paradigm.
One important remark should be considered: this
approach could be used only for periodical block
design paradigms and possibly for periodical
resting state BOLD oscillation analysis.

CONCLUSIONS

1. Simple unilateral hand movement is accom-
panied by simultaneous functioning of the SMN
and DMN.

2. Neural network BOLD spectral profile
approach may be used for future analysis of its
functioning and dynamics rules of brain regions
connectivity.

3. Partial deactivation of precuneus and
posterior cingulate cortex may support the
idea of its important role as a “hub” in DMN
connectivity.
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Hamu Oyimo BHKOpHCTAaHO METOJ aHali3y He3aJIe)KHUX KOM-
MIOHEHT /ISl JaHUX (PYHKIIOHATBHOT MarHiTHO-PE30HAHCHOT
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tomorpadii (pMPT), oTpumMaHuX 11 4ac BUKOHAHHSI TPOCTUX
PYXOBHX 3aBjiaHb. Byio noka3ano o6epHEeHy KOPEIsILito MiXk
BUKOHAHHSIM PyXOBOTO 3aBJaHHs Ta (yHKIOHATIBHOIO 3B’513-
HICTIO MiJK CEHCOMOTOPHOIO 1 Ie(hOJITHOIO HEIPOHHUMU Mepe-
*KamMu. MU aHati3yBaiu YaCTOTHI XapaKTePUCTHKU KOJMBAHHS
3aJIeKHOT0 BiJl HacH4eHHs KpoBi kucHeMm curnainy (blood
oxygenation level dependent signal, BOLD) npu ¢MPT.
PesynbraTé IeMOHCTPYIOTH BiITBOPIOBaHY CIHELU(IYHY
koH(irypauito Hu3bKkoyactoTHoro crekrpy BOLD-curnany.
BukopucTanuii miaxin 10 aHaiizy CHeKTpagbHOTO MpOodio
konmuBaHHsi BOLD-curnany y IiIsiHKaX HEWPOHHHX MEpPEK
MOKe OyTH BHKOPHUCTAHHI JIs MOJAJBIIOTO aHali3y ix
(GYHKIIIOHYBaHHS Ta BUBYCHHS JUHAMIKH (YHKI[IOHATBHOT
3B’SI3HOCTI Pi3HUX AUISTHOK MO3KY. [Toka3aHo, 110 AISTHKHY T1e-
PEIKIIMHA Ta 33 JHBOTO BiIiTy TIOSICHOT KOPH ICAKTHBYIOThCS
nutre yactkoBo. CeHCOMOTOpHA 1 Zie(honTHA HeHPOHHI Mepexi
Oy pyHKIIOHATIBHO 3B’ s13aH1 Yy BUIVISAI 00EPHEHOT KOpeIIsLii
xosuBanHst BOLD-curnany Ha yacrorax f1=0.0153+0.0051
Hz i f2 =0.0204 + 0.0051 Hz, ne f — yactora KOJUBaHHS
BOLD-curnany. ITig yac Hamoro 10CiKSHHS MU 3’ ICYBaJIH,
IO MiJ1 YaC BUKOHAHHS PYXOBOI'O 3aBJAHHS JICaKTHBYBAJIHCS
JIMILIE OKpeMi JTIISTHKU Ae(ONTHOT MEpexi, a caMe 4acTKOBO
HEepeKJINH Ta 3a/Hs MoscHa kopa. Lle Moxe miaTBepauTH
rifnoTe3y Mpo Te, 1110 He IeaKTHBOBaHi 00J1aCTi epe/IK/InHA Ta
3a/IHBOT TUISTHKY TTOSICHOT KOPY 3aJIHIIAI0THCST AKTUBHUMU JUTS
PETYAOBaHHSI TIEPEXO/IIB i3 AKTUBOBAHOTO CTaHY B JICAKTHBOBA-
HUI 1 Ha3a/1 i1 9aC MOHITOPHUHTY 30BHILTHBOTO CEPEIOBHUINA
Ta komMaH1. OCTaHHE MOXKe MiJTBEPAUTH TilIOTE3y IPO POJb
3a/IHBOT MOSICHOT KOPH SIK «IIepeMHKaday Ae(onTHOT Mepexi,
JIe HE ICaKTUBOBAHI YaCTHHH SIKOT 3QJTMIIAIOTHCS AKTHBHUMH
JUISL TIOZIANIBILIOTO KOHTPOJIIO IIEPEMHUKAHHS OKPEMUX JIJISTHOK
nedonTHOT Mepexi.

Kiro4oBi ciioBa: mpocTi pyxoBi 3aBIaHHs; MArHITHO-PE30HAH-
cHa ToMorpadis; CeHCOMOTOPHA 1 AeoNTHI MEepexKi; aHai3
HE3aJIe)KHUX KOMITOHEHT.
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