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Deactivations during the numerical processing
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Deactivation has been encountered frequently in functional brain imaging researches. However, the
deactivations during the numerical processing have not been reported yet. In this study, the functional
magnetic resonance imaging (fMRI) was employed to investigate the pattern of the deactivation in the
brain of 15 healthy subjects during the numerical addition task. Analyses revealed significant deacti-
vations in several brain regions, including the posterior cingulate, precuneus, anterior cingulate and
prefrontal cortex. Especially, we found notable deactivation in bilateral insula. Accounting for the cog-
nitive functions of these regions participating in a combinated way, we discuss their contributions in
sustaining the brain activity during conscious resting state, and indicate that the insula is an important
area of gathering auditory information from the external world.
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As a non-invasive imaging method, fMRI has been
widely employed in human brain functional imaging
researches. A fundamental aspect of fMRI experimenta-
tion is the identification of a control or resting state
against which the cognitive task condition of interest can
be compared. And there are two opposite results of the
comparison: the increase of regional brain activity re-
ferred to as activation, and the decrease referred to as
deactivation. Although deactivation has been encoun-
tered frequently in functional brain imaging researches,
it is only recently that it became the focus of systematic
studies because its physiological mechanism is not well
understood™.,

There are several explanations of the deactivation.
One is that deactivation arises simply on the basis of
how control tasks and tasks of interest are manipulated
in the image-analysis strategy. For example, while
comparing a visual task and a non-visual task, the
change of the blood flow in visual areas will be identi-
fied as activation if the non-visual task was taken as the
control task, and reversely, the change will be identified
as deactivation. Although this explanation does not in-
volve the specific concepts of brain physiology, it can-
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not be completely denied because sometimes the infor-
mation of the experiment tasks and operations is insuffi-
cient™. Another brain haemodynamics related explana-
tion on deactivation was proposed that during the task
state regional blood flow diverts from the adjacent areas
in which the regional blood flow decreases to the
task-related regions to meet the activation issue’s need.
This phenomenon is named “vascular-steal’®.. This ex-
planation could be valid in the level of microvascula-
ture™, but there seems to be no physiological need to
‘steal” because the haemodynamic reserve of the brain is
so large that it could accommodate the relatively small
blood flow increase (approximately 10% relative to the
overall blood flow of the cortex) induced by the brain
cognitive activity®. During the performance of various
kinds of attention-demanding cognitive tasks, certain
brain regions, including posterior cingulate gyrus[ﬂ1
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that often extends dorsally into the cuneus[@&, dorsome-
dial frontal cortex in the middle and superior frontal gyri,
anterior cingulate gyrus, typically extend ventrally into
the gyrus rectus and the orbital frontal cortex, and angu-
lar gyrus®®™2, routinely exhibit activity decreases.

Because the decreases in these regions were not asso-
ciated with specific cognitive tasks, they were named
task-independent deactivations®®%. Based on this phe-
nomenon, processing resources reallocation theory was
proposed that deactivation was induced by the realloca-
tion of those resources during the task state%. The
regions that exhibit task independent deactivations are
active in the resting state; and composing a network
sustaining some cognitive functions including moni-
toring the external environment, monitoring the internal
sensory state and body image, emotional processes, and
ongoing inner ‘thought’, which are usually spontaneous,
self-referential, and independent of specific cognitive
task®, When attention-demanding cognitive tasks are
performed, those organized processes might be disturbed
or interrupted, and the processing resource would be
reallocated from internally generated information proc-
essing to process of the exogenous task; thus the regions
that lose processing resource will show deactivations
whereas the regions obtaining the resources will show
activations.

McKiernan and colleagues®® have found that the
magnitude of the deactivation changes with the diffi-
culty in the cognitive task. Numerical addition task in-
volving visual processes, episodic memory, numerical
operation and other cognitive processes is representative
of deactivation researches. Therefore, a numerical addi-
tion experiment was employed to explore the deactiva-
tion in numerical processes. Here its physical mecha-
nism is preliminarily discussed.

1 Materials and methods

1.1 Subjects

Participants were 15 neurologically normal undergradu-
ates (8 females and 7 males), ages from 18 to 25 years.
All subjects were right-handed as measured by a stan-
dard Handedness Inventory™Z,

1.2 Experiment design

The intention of this experiment is to explore the deac-
tivations during numerical addition task. Block design
was employed and the task block and control block were

presented alternatively. The stimuli were presented as
follows: two numbers were presented on the screen first,
and the third number was presented in 0.5 s. The sub-
jects were asked to press the right button if they found
the summation of the first two was bigger than the third,
or press the left button (the equal situation was ex-
cluded). The two buttons were balanced. During the
control block, the subjects should fixate the ‘+’ located
in the centre of the screen. All stimuli were presented
and responses were recorded by E-prime software (\Ver-
sion 1.1).

1.3 Data acquisition

Scanning was conducted at 1.5 Tesla on a General Elec-
tric Signa scanner. Spin-echo sequence was employed to
obtain the axial T1-weighted anatomic images with 500
ms repetition time, 14 ms echo time, 7 mm slice thick-
ness, 1mm scanning interval, 24 cm field-of-view, and
matrix size of 256 by 192 pixels. Functional data were
collected via a multi-slice, gradient-echo, echo-planar
sequence with repetition time of 2000 ms and an echo
time of 40 ms. Imaging parameters included a
field-of-view of 24 cm, flip angle of 90°, slice thickness
of 7 mm, scanning interval of 1 mm, and a matrix size of
64 by 64 pixels. Each EPI series began with four base-
line images which were not included in the data analysis
to allow equilibrium of the magnetic resonance signal to
be reached. High-resolution, T1-weighted anatomic im-
ages were collected as a set of 70 contiguous sagittal
slices (2.5 mm thick) using a 3-D fast spoiled gradi-
ent-echo sequence (FSPGR).

1.4 Data analysis

All image analyses were completed using spm99 (statis-
tical parametric mapping, http://www.fil.ion.ucl.ac.uk/
spm). All the images were realigned to the first to cor-
rect slice acquisition delays and subjects” motion. The
anatomic differences between subjects were eliminated
by normalizing the realigned images to standard ste-
reo-tactic space using an EPI template (SPM99 standard
template from the Montreal Neurological Institute).
Subsequently, the images were smoothed with an 8 mm
(FWHM) isotropic Gaussian kernel to increase the sig-
nal-to-noise ratio. After these preprocesses, fMRI model
was established for every single subject, and basic
model of 12 subjects was established with 3 subjects’
data excluded either for too much brain motion (the mo-
tion was greater than 3 mm in 2 of the 3-D of the SPM
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standard) or for incomplete behavior recorded with
P<0.001(uncorrected). The clusters larger than 10 vol-
umes served as functional areas™®3.

2 fMRI results

During the numerical addition task, significant activa-
tions were found in the left superior frontal gyrus, mid-
dle frontal gyrus, parietal lobe, middle occipital gyrus
and fusiform gyrus. This is identical to our previous
study[m. The regions exhibiting deactivations were pos-
terior cingulate (BA29/30) extended to adjacent precu-
neus and cingulate area (BA31), anterior cingulate
(BA42), medial prefrontal gyrus (BA9/10) and superior
frontal gyrus (BA8), middle temporal gyrus (BA21/39)
and superior temporal gyrus (BA22), bilateral insula
(BA13) (Figures 1 and 2; Table 1).

Figure 1 The regions presented significant deactivations. A, Middle
temporal gyrus (BA21); B, left insula (BA13); C, right insula (BA13); D,
anterior cingulate (BA32/42); E, left medial frontal (BA9/10); F, middle
temporal gyrus and superior temporal gyrus; G, posterior cingulate
(BA29/30) and adjacent precuneus.

3 Discussion

The deactivation result was consistent with previous
studies. Compared with the PET experiment involving
197 subjects who performed different kinds of tasks fin-
ished by Shulman and colleagues®? by using large
meta-analysis, common deactivations were found in

Figure 2 The activations and deactivations over the whole brain. A,
Right middle frontal gyrus and inferior frontal gyrus; B, left middle frontal
gyrus and inferior frontal gyrus; C, superior frontal gyrus; D, right parietal
lobel; E, right middle occipital gyrus; F, right fusiform gyrus; G, left pa-
rietal lobel; H, left middle occipital gyrus.

posterior cingulate, precuneus, left frontal and anterior
cingulate. Binder et al.’s results® reported in the fMRI
study of rest were also in remarkable agreement with
ours at the level of the posterior cingulate, anterior cin-
gulate and superior frontal gyrus. Compared with Ma-
zoyer et al.’s meta-analysis of 9 tasks experiment’®,
common deactivations areas were precuneus and poste-
rior cingulate, angular, middle frontal cortex and ante-
rior cingulate. Although numeric addition experiment
employed a different task which included language
stimulus, visual motion, mental arithmetic, visual mental
imagery and self-paced finger motion from those ex-
periments, common decreases were observed in poste-
rior cingulate, precuneus, anterior cingulate, etc.; there-
fore, the deactivations in those areas were task inde-
pendent.

Those areas that present deactivation across various
tasks have significant functions during the resting state.
Evidence indicates that the functions to which the poste-
rior cingulate and precuneus contribute include the
visuospatial processing®. Additionally, animal studies
indicate that these regions are involved in the orientation
within the environment!®!, Therefore, posterior cingu-
late cortex and adjacent precuneus might be active re-
gions that continuously gather information about the
world around and possibly within us. Additionally, the
posterior precuneus had been repeatedly reported con-
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Table 1 MNI coordinates for areas that show maximal deactivation during numeric addition task

Atlas structure Brodmann’s area

MNI Coordinates

Z-score

MNI coordinates Z-score atlas structure
Posterior cingulate (L) 29/30 -12 -58 10 -5.16
Cingulate gyrus (L) 31 -6 -30 28 -4.72
Superior temporal gyrus (L) 22 -58 -58 16 -4.43
Middle temporal gyrus (L) 39 —46 -70 28 -3.98
Medial frontal gyrus (R) 9/10 4 58 6 -4.30
Anterior cingulate (R) 32/42 4 48 10 -4.17
Middle frontal gyrus (L) 8 -38 16 48 -4.23
Middle temporal gyrus (L) 21 —62 -20 -10 -4,06
Insula (L) 13 —44 -16 12 -4.05
Superior frontal gyrus (R) 8 22 28 50 -4.04
Middle frontal gyrus (R) 8 38 28 52 -3.99
Superior temporal gyrus (R) 22/39 62 -56 8 -3.94
Middle temporal gyrus (R) 22 58 -62 12 -3.72
Insula (R) 13 40 -16 4 -3.71
Superior frontal gyrus (L) 8 -22 30 50 -3.38

cerning conscious retrieval of episodic memory™®l. In a
review of 51 emotion-related studies, Maddock™? sug-
gested that the posterior cingulate and retrosplenial cor-
tex might participate in emotional processing, which is
also supported by observations in the fields of psychol-
ogy and communication®®. Donaldson et al.¥ sug-
gested the left superior temporal gyrus (BA19) and the
middle temporal gyrus (BA39) might be engaged in the
retrieval of episodic memory information, and they
made the specific point that this process need not be
controlled or driven by current task demands of the
resting state. Castelli and colleagues’?? indicated that the
cognitive processes in which the dorsal medial prefron-
tal cortex (BA 8—10) and the adjacent paracingulate
sulcus participate fall into two general categories. The
first involves monitoring or reporting one’s own mental
state, such as self-generated thoughts, intended speech
and emotions. The second category of functions which
this region involves is attributing mental states to others.
Furthermore, Friths?Y have postulated that these regions
are concerned with explicit representations of states of
oneself. Anterior cingulate cortex is involved in many
functions such as cognitive and emotional processing,
receiving a range of sensory information from the ex-
ternal environment, and monitoring one’s own mental
state!?2,

Especially, notable deactivation was found in bilateral
insula. Insula is commonly considered as an area in-
volved in the functions of visceral sensory, visceral mo-
tor attention and emotion processesZ2%. Engelien et
al.®! indicated that the insula of the normal subjects are

obviously activated by passively listening to sounds and
maybe thus participate in sound processing. There is
converging evidence that the insula, as an integral com-
ponent of the central auditory nervous system, whose
bilateral damage may result in total agnosia, is not only
involved in sound detection and entry of the sound into
awareness, but also in allocating auditory attention!2.
Therefore, by combining the functions in which insula
participates, including auditory information processing,
monitoring/gathering auditory information from the ex-
ternal, and inverting the sound into consciousness, we
suggest that insula, the same as the PCC, precuneus, and
ACC, is an active area during the resting state. In the
state without any task, insula is responsible for monitor-
ing/gathering auditory information from the external
(such as the sounds in the outside environment, the noise
of the MRI instruments), and monitoring the self state
and the outside world with the adjacent ACC and dorso-
lateral prefrontal cortex. During the numerical addition
task (without auditory stimuli), because of the various
functions with which the task is concerned, such as vis-
ual processes, episodic memory, numerical operation
and other cognitive processes, the processing resources
in the brain were reallocated from the insula to the ex-
ogenous task-related areas, thus the insula area pre-
sented deactivation. Although no similar report was
found in the previous studies of deactivation made by
Binder et al.®, Mazoyer et al.®!, McKiernan et al. X, it
may arise from the difference in the task, because audi-
tory stimuli were included in their experiments. During
the small-field optokinetic stimulation experiment, con-
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sisting with our results, Dieterich et al.?? found signifi-
cant deactivation in the insula area, which may be at-
tributable to their pure visual stimuli. Because of the
variety of the functions the insula is involved in, more
studies of the cause for the deactivation in insula will be
required.

In brief, deactivation areas mainly participate in
monitoring the external environment, the internal sen-
sory state and emotional processes which are incogni-
zant, and default activities that sustain the cognitive ac-
tivity during the resting state. The reallocation of re-
sources processing is automatic for its persistent use, but
not the instant result of task performance. Only when
performing task attentively, will the activity of gathering
broad information curtail®®. McKiernan et al.28 found
out the task difficulty level is positively correlated with
task induced deactivation (TID) magnitude whereas it
correlated with task unrelated thoughts (TUTSs) nega-
tively. TUTs refers to the ongoing, internally generated,
task independent processing during the resting state,
such as monitoring of the external environment and us,
working memory retrieval, etc. TUTs will decrease
when there is processing resources reallocation induced
by the external task. As the task difficulty increases,

1 Zhao X H, Wang P J, Tang X W. Brain activity and functional imaging
during resting state. Progr Natl Sci (in Chinese). 2005, 15(10):
1161—1166

2 Gusnard D A, Raichle M E. Searching for a baseline: Functional im-
aging and the resting human brain. Nat Neurosci, 2001, 2(10):
685—694[DOI]

3 Shmuel A, Yacoub E, Pfeuffer J, et al. Sustained negative BOLD,
blood flow and oxygen consumption response and its coupling to the
positive response in the human brain. Neuron, 2002, 36(6):
1195—1210[DOI]

4 Woolsey T A, Rovainen, C M, Cox S B, et al. Neuronal units linked to
microvascular modules in cerebral cortex: Response elements for
imaging the brain. Cereb Cortex, 1996, 6(5): 647 —660[DOI]

5 Heistad D D, Kontos H A. Cerebral circulation. In: Shepard J I, Ab-
boud F M, Geiger S R, eds. Handbook of Physiology. Vol Ill. Be-
thesda (MD): American Physiological Society, 1983. 137—182

6 Shulman G L, Fiez J A, Corbetta M, et al. Common blood flow
changes across visual tasks: I. Increases in subcortical structures and
cerebellum, but not in non-visual cortex. J Cogn Neurosci, 1997, 9(5):
624—647

7 Shulman G L, Fiez J A, Corbetta M, et al. Common blood flow
changes across visual tasks: II. Decreases in cerebral cortex. J Cogn
Neurosci, 1997, 9(5): 648—663

8 Binder J R, Frost J A, Hammeke T A et al. Conceptual processing
during the conscious resting state: A functional MRI study. J Cogn

more resources would be needed and TUTs decrease,
and correspondingly, more significant deactivations
would be found. Therefore, there is a close relationship
between the deactivations and the cognitive activities
during the resting state. And the researches on deactiva-
tions provide a quantitative way to investigate the cogni-

tive activities during the resting state and clinical evi-
dence!223%,

4 Conclusion

During the numerical processing, we found significant
deactivations in several regions, including the posterior
cingulate, precuneus, anterior cingulate and prefrontal
cortex, by which the cognitive activities during the con-
scious resting state in human brain is sustained. Signifi-
cant deactivation in bilateral insula is also found. Ac-
counting for the cognitive functions in which insula par-
ticipates, such as visceral sensory, visceral motor, atten-
tion, and emotion processes, especially the significant
functions in the auditory cognition in a combinated way,
we suggest that the insula is an important area of gath-
ering auditory information from the external during the
resting state. These results add to a growing under-
standing of the function of insula and the deactivations.

Neurosci, 1999, 11(1): 80—93[DOI]

9 Mazoyer B, Zago L, Mellet E, et al. Cortical networks for working
memory and executive functions sustain the conscious resting state in
man. Brain Res Bull, 2001, 54(3): 287 —298[DOI]

10 Raichle M E, MacLeod A M, Snyder A Z, et al. A default mode of
brain function. Proc Natl Acad Sci USA, 2001, 98(2): 676 —682[DOI]

11 McKiernan K A, Kaufman J N, Kucera-Thompson J, et al. A para-
metric manipulation of factors affecting task-induced deactivation in
functional neuroimaging. J Cogn Neurosci, 2003, 15(3):
394—408[DOl]

12 Li X T. Thedistribution of left and right handedness in Chinese people.

Acta Sychol Sinica (in Chinese), 1983, 15 (3) :268—275

13 LiuD T, Jiang K D, Wu Y, et al. Functional magnetic resonance im-
aging of verbal fluency task in first-episode schizophrenic patients.
Chin J Psychiatry (in Chinese). 2005, 38(3): 138—141

14 Tang Y, Zhang W, Chen K, et al. Arithmetic processing in the brain
shaped by cultures. Proc Natl Acad Sci USA, 2006, 103(28):
10775—10780[DOI]

15 Vogt B A, Finch D M, Olson C R. Functional heterogeneity in cin-
gulate cortex: The anterior executive and posterior evaluative regions.
Cereb Cortex, 1992, 2(6): 435—443

16 Cabeza R, Nyberg L. Imaging cognition 1I: An empirical review of
275 PET and fMRI studies. J Cogn Neurosci, 2000, 12(1):
1—47[DOI]

17 Maddock R J. The retrosplenial cortex and emotion: New insights

FENG HongBo et al. Chinese Science Bulletin | July 2007 | vol. 52 | no. 13 | 1807-1812 1811

ARTICLES

NEUROBIOLOGY


http://dx.doi.org/10.1038/35094500
http://dx.doi.org/10.1016/S0896-6273(02)01061-9
http://dx.doi.org/10.1093/cercor/6.5.647
http://dx.doi.org/10.1162/089892999563265
http://dx.doi.org/10.1016/S0361-9230(00)00437-8
http://dx.doi.org/10.1073/pnas.98.2.676
http://dx.doi.org/10.1162/089892903321593117
http://dx.doi.org/10.1073/pnas.0604416103
http://dx.doi.org/10.1162/08989290051137585

18

19

20

21

22

23

24

1812

from functional neuroimaging of the human brain. Trends Neurosci,
1999, 22(7): 310—316[DOI]

Reeves B, Lang A, Kim E Y. The effects of screen size and message
content on attention and arousal. Media Psychol, 1999, 1(1):
49—67[DOI]

Donaldson D I, Petersen S E, Buckner R L. Dissociating memory re-
trieval processes using fMRI: Evidence that priming does not support
recognition memory. Neuron, 2001, 31(6): 1047—1059 [DOI]
Castelli F, Happe F, Frith U, et al. Movement and mind: A functional
imaging study of perception and interpretation of complex intentional
movement patterns. Neuroimage, 2000, 12(3): 314—325[DOI]

Frith C D, Frith U. Interacting minds: A biological basis. Science.
1999, 286(5445): 1692—1695[DOI]

Bush G, Luu P, Posner M I. Cognitive and emotional influences in
anterior cingulate cortex. Trends Cogn Sci, 2000, 4(6): 215—222
[Doi]

Augustine J R. The insular lobe in primates including humans. Neurol
Res, 1985, 7(1): 2—10

Augustine J R. Circuitry and functional aspects of the insular lobe in
primates including humans. Brain Res Brain Res Rev, 1996, 22(3):
229—244[DOI]

25

26

27

28

29

30

Engelien A, Silbersweig D. Stern E et al. The functional anatomy from
recovery from auditory agnosia. A PET study of sound categorisation
in a neurological patient and normal controls. Brain, 1995, 118 (6):
1395—1409[DOI]

Bamiou D E, Musiekb F E, Luxon L M. The insula (Island of Reil) and
its role in auditory processing Literature review. Brain Res Rev, 2003,
42(2): 143—154[DOI]

Dieterich M, Bense S, Stephan T, et al. fMRI signal increases and
decreases in cortical areas during small-field optokinetic stimulation
and central. Exp Brain Res, 2003, 148(1): 117—127[DOI]
McKiernan K A, D'Angelo B R, Kaufman J N, et al. Interrupting the
“stream of consciousness”: An fMRI investigation. Neuroimage,
2006, 29(4): 1185—1191

Tian L, Jiang T, Wang Y, et al. Altered resting-state functional con-
nectivity patterns of anterior cingulate cortex in adolescents with at-
tention deficit hyperactivity disorder. Neurosci Lett, 2006, 400(1-2):
39—43[DOI]

Wang L, Zang Y, He Y, et al. Changes in hippocampal connectivity in
the early stages of Alzheimer's disease: evidence from resting state
fMRI. Neuroimage, 2006, 31(2): 496 —504[DOI]

FENG HongBo et al. Chinese Science Bulletin | July 2007 | vol. 52 | no. 13 | 1807-1812


http://dx.doi.org/10.1016/S0166-2236(98)01374-5
http://dx.doi.org/10.1207/s1532785xmep0101_4
http://dx.doi.org/10.1016/S0896-6273(01)00429-9
http://dx.doi.org/10.1006/nimg.2000.0612
http://dx.doi.org/10.1126/science.286.5445.1692
http://dx.doi.org/10.1016/S1364-6613(00)01483-2
http://dx.doi.org/10.1016/S0165-0173(96)00011-2
http://dx.doi.org/10.1093/brain/118.6.1395
http://dx.doi.org/10.1016/S0165-0173(03)00172-3
http://dx.doi.org/10.1007/s00221-002-1267-6
http://dx.doi.org/10.1016/j.neulet.2006.02.022
http://dx.doi.org/10.1016/j.neuroimage.2005.12.033

