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[Abstract] Objective To investigate the cortical activation patterns and their correlation with
behavioristics during simple multiplication in Chinese younger and older adults. Methods Functional
magnetic resonance imaging (IMRI) was performed as healthy younger and older participants resolving
arithmetic and control problems. Results Totally 39 right-handed healthy adults were recruited in this
study, including 19 (11 females, 8 males) younger and 20 (12 females, 8 males) older subjects. Age (P =
0.000) was significantly different between 2 groups, and no significant difference was observed in years of
education (P = 0.125) and 1Q scores (P =0.921). The accuracy for simple multiplication (P = 0.880) and
control task (P =0.142) were not significantly different between 2 groups, however differences were observed
in reaction time for experimental (P =0.005) and control (P = 0.000) tasks. In younger group, activation in
right hemisphere included inferior parietal lobule with an extending to the intraparietal sulcus and superior/
middle temporal gyrus, precentral gyrus, premotor cortex and prefrontal cortex. Activation of supramarginal
gyrus, angular gyrus, temporal lobe was found in the left. And activation in medial cingulate gyrus,
precuneus, parahippocampal gyrus, uncus, and supplementary motor area (SMA) was also observed. In
older group, supramarginal gyrus, inferior parietal lobule, precentral gyrus, premotor cortex and prefrontal

cortex were activated in the right hemisphere. Left angular gyrus, supramarginal gyrus, precentral gyrus,
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premotor cortex, insula and prefrontal cortex were also activated, as well as cingulate gyrus, paracentral
lobule and prefrontal cortex in the medial part. The conjunction analysis of the fMRI data revealed in a
distributed network consisting of inferior parietal area, precuneus, precentral/postcentral gyrus and
prefrontal lobe, as well as some subcortical areas. Conclusions The major components of the network

subserving simple multiplication are not significantly affected by advancing age, in addition activation in

+ 199 -

older people concentrates to task related parietal area.

[Key words] Mathematical computing; Aged; Adolescent; Magnetic resonance imaging
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Table 1. Comparison of characteristics and
neuropsychological data between 2 groups
Younger Older X orU !
ftem (N=19) (N=20)  “value Pralue
Sex  case (%) 0.018 0.894
Male 8 ( 8/19) 8( 8120)
Female 11 (11/19) 12 (12/20)
Age [M (Pss, Prs), year] 24.00 63.00 0.000 0.000
( 23.00, 26.00)( 60.00, 66.75)
Education [M (P, P5), year] 17.00 15.00 136.500 0.125
( 15.00, 18.00)( 12.25, 16.00)
WAIS-R [M (Pas, Pss), score] 113.50 114.00 186.500 0.921

(107.25, 118.00) (108.00, 120.00)

WAIS-R, Wechsler Adult Intelligence Scale-Revised, 35 FG A5 J1 5
FEIT R
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Table 2. Comparison of behavioral performance between
2 groups [M (P2, Prs)]
Item (Y]\Tinlg;l; ( [81:(1;6) U value P value
Reaction time (s)
Control task 0.91 1.09 37.000 0.000
(078, 1.00) (1.02, L15)
Simple multiplication 1.36 1.71 89.000 0.005
(121, 1.57) ( 1.36, 1.80)
Accuracy (%)
Control task 100.00 100.00 150.000 0.142
(100.00, 100.00)  (97.00, 100.00)
Simple multiplication 100.00 100.00 185.000 0.880

(194.00, 100.00)  (97.00, 100.00)

Control task
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Table 3. Activated brain regions in younger group (simple multiplication minus control task)
. MNI (mm) . MNI (mm)
Brain region BA Clglilzs(t)er — tvalue P value ||Brain region BA C]sl;::'r tvalue P value
siee . x oy 1
Right Middle temporal 21 -59  -24 11 4.459  0.000
gyrus
Inferior parietal 40 1170 65 -25 26 7471 0.000 Middle temporal 21 =53 -21 -7 4340 0.000
lobule gyrus
Middle temporal 21 59  -49 11 6.817 0.000 Medial
gyrus
Postcentral gyrus 40 53 -25 18 6.656 0.000 Precuneus 31 61 -18 -57 22 5.010  0.000
Precentral gyrus 6 20 33 -20 67 4919 0.000 Precuneus 31 -12 -63 25 4999  0.000
Inferior frontal 47 18 48 26 -14 4416 0.000 Precuneus 7 -9 -65 36 4711 0.000
gyrus
Inferior frontal 47 45 32 -9 4169 0.000 Precuneus 7 19 12 -62 36 4359 0.000
gyrus
Middle frontal 8 61 33 34 43 439 0.000 Precentral gyrus 6 23 -30 -20 70 4462 0.000
gyrus
Superior frontal 8 24 31 45 4359 0.000 Postcentral gyrus 3 -39 -32 65  4.182  0.000
gyrus
Middle frontal 8 42 23 43 4.089 0.000 Middle frontal 8 93 -33 28 40 6.185  0.000
gyrus gyrus
Superior frontal 10 33 21 61 2 4.704 0.000 Superior frontal 8 -21 29 51 4.284  0.000
gyrus gyrus
Superior frontal 10 12 5 -3 4523 0.000 Superior frontal 10 105 -21 55 3 5750  0.000
gyrus gyrus
Left Superior frontal 10 -18 59 19 4704  0.000
e gyrus
Inferior parietal 40 232 -65 -40 21 6380 0.000 Middle frontal 10 -27 46 -5 4553 0.000
lobule gyrus
Superior temporal 22 -65  -51 19  6.052 0.000 Uncus 28 71 =27 -13 =27 6.508  0.000
gyrus
Postcentral gyrus 43 =53 -19 20 5.239 0.000 Uncus 28 -24 8§ -21 5.291  0.000
Inferior parietal 40 86  -59 -44 44 5.087 0.000 Parahippocampal 35 -24 -4 -28 5.060  0.000
lobule gyrus
Inferior parietal 40 -48  -56 44 4716 0.000 Parahippocampal 36 41 30 -30  -16  6.154  0.000
lobule gyrus
Inferior temporal 20 58 -48  -21  -14 5048 0.000 Cingulate gyrus 24 23 9 -18 40 5.025  0.000
gyrus

BA, Brodmann’s area, Brodmann 43 X ; MNI, Montreal Neurological Institute , JII 5 K 5 FE R /R M 295 2= WF 55 0T o The same as Table 4
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t value

L, left, ZEMM; R, right, 47/l . The same as figures below
B2 AR A2 1 BT vk i B X 3T

Figure 2 Cerebral activation in younger group in the contrast of simple multiplication.
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Table 4. Cerebral activation in older group (simple multiplication minus control task)
MNI (mm) . MNI (mm)

Brain region BA Clgsler ——— tvalue P value ||Brain region BA Clqster tvalue P value

size N y ’ size N . ’

Right Precentral gyrus 6 38 =27 -14 62 5.508  0.000
Superior 42 404 65 -25 18 9.457 0.000 Superior frontal 8 46 -15 46 39 4954  0.000
temporal gyrus gyrus
Inferior parietal 40 56 -28 29 6.024 0.000 Middle frontal 8 -18 34 40 4.676  0.000
lobule gyrus
Supramarginal 40 50 -48 30 5.470 0.000 Insula 13 36 -39 0 0 4.849  0.000
gyrus
Middle temporal 22 30 53 -12 -1 5.453 0.000 Medial
gyrus
Precentral gyrus 6 22 33 -11 64 4.627 0.000 Paracentral 31 482 6  -21 43 6.366  0.000

lobule
Precentral gyrus 6 24 -14 64 4.122 0.000 Cingulate gyrus 23 -3 -16 34 6.288  0.000
Superior frontal 9 21 18 42 34 4.033 0.000 Cingulate gyrus 24 6 -22 34 6.247  0.000
gyrus
Middle frontal 8 30 37 40 3.950 0.000 Cingulate gyrus 24 23 -12 236 4.552 0.000
gyrus

Anterior 32 25 -6 26 -9 4.018  0.000

Left .

cingulate
Inferior parietal 39 185 -48  -68 39 5.047 0.000 Anterior 32 0 40 -1 3.663  0.000
lobule cingulate
Superior parietal 7 -39 -68 45 4.871 0.000 Medial frontal 10 137 -9 50 3 4968  0.000
lobule gyrus
Superior 39 =50 -57 28 4.526 Medial frontal 10 -6 52 -5 4755 0.000
temporal gyrus gyrus
Inferior parietal 40 18 -65  -25 26 4.519 0.000 Medial frontal 10 6 62 16 4.138  0.000
lobule gyrus
Inferior parietal 40 -53 -25 29 3.790 0.000

lobule

&3

Figure 3 Cerebral activation in older group in the contrast of simple multiplication.
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Table 5. Conjunction analysis of 2 age groups (simple multiplication minus control task)
. MNI (mm) > MNI (mm)
Brain region BA Ch}slel tvalue P value || Brain region BA (,lgster tvalue P value
size N y ’ size X 7 ,
Ri Middle temporal 21 596 -56  -24  -14 5475  0.000
ight
gyrus
Inferior parietal 40 2521 53 -28 26 7.531 0.000 Uncus 28 -24 5 -25 5303  0.000
lobule
Inferior parietal 40 65 -25 23 7.070 0.000 Claustrum & -36 -3 -5 5.058  0.000
lobule
Postcentral gyrus 3 59  -16 23 6.789 0.000 Precentral gyrus 6 106  -30 -17 70 5.689  0.000
Superior 22 44 56 9 0 4355 0.000 Postcentral gyrus 5 -24 0 -40 68 3792 0.000
temporal gyrus
Precentral gyrus 44 50 3 8  3.653 0.000 Postcentral gyrus 2 -39 -35 65  3.765  0.000
Postcentral gyrus 5 31 27 -41 60  4.988 0.000 Middle frontal 8 1945 -33 28 40  6.261  0.000
gyrus
Inferior frontal 47 115 45 32 -9 4653 0.000 Superior frontal 10 -24 55 3 6.091  0.000
gyrus gyrus
Inferior frontal 45 50 35 1 4302 0.000 Inferior frontal 11 21 28 -19 5711 0.000
gyrus gyrus
Inferior frontal 47 45 4 -1 4.009 0.000 .
Medial
gyrus
Parahippocampal 36 52 30 -38 -6 4.091 0.000 Cingulate gyrus 24 1067 6 -19 37 7.175  0.000
gyrus
Parahippocampal 36 30 -27  -16 3.914 0.000 Precuneus 31 -9 -63 28 6.690  0.000
gyrus
Left Precuneus 7 9 -62 36 5735 0.000
Inferior parietal 40 1118 -65  -28 24 5.792 0.000 Subcallosal 34 45 9 5 -13 4500  0.000
lobule gyrus
Inferior parietal 40 -48 -39 44 5.698 0.000 Medial frontal 25 -9 11 -13  4.083  0.000
lobule gyrus
Inferior parietal 40 =59 -4 44 5558 0.000 Subcallosal 25 -6 2 -10  3.444  0.001
lobule gyrus

BA, Brodmann’s area, Brodmann 43 X ; MNI, Montreal Neurological Institute, T R 52 5 ) R i 2895 22 WF 58 T 5 *not included in BA
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Figure 4 Conjunction analysis of 2 age groups in the contrast of simple multiplication.
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