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Functional Brain Mapping Using H,'°O Positron Emission Tomography (II):
Mapping of Human Working Memory

Jae Sung Lee, M.S.l, Dong Soo Lee, M.D., Sang-Kun Lee, M.D.J2 Hyunwoo Nam, M.D.?
Seok Ki Kim, M.D., Kwang Suk Park, Ph.D.’, Jae Min Jeong, Ph.D.
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Seoul National University College of Medicine

Purpose: To localize and compare the neural basis of verbal and visual human working
memory, we performed functional activation study using H,'°O PET. Materials and Methods:
Repeated H,"0O PET scans with one control and three different activation tasks were perfor-
med on six right-handed normal volunteers. Each activation task was composed of 13 match-
ing trials. On each trial, four targets, a fixation dot and a probe were presented sequentially
and subject’s task was to press a response button to indicate whether or not the probe was
one of the previous targets. Short meaningful Korean words, simple drawings and monochro-
mic pictures of human faces were used as matching objects for verbal or visual memory. All
the images were spatially normalized and the differences between control and activation states
were statistically analyzed using SPM96. Results: Statistical analysis of verbal memory
activation with short words showed activation in the left Broca’s area, premotor cortex,
cerebellum and right cingulate gyrus. In verbal memory with simple drawings, activation was
shown in the larger regions including where activated with short words and left superior
temporal cortex, basal ganglia, thalamus, prefrontal cortex, anterior portion of right superior
temporal gyrus and right infero-lateral frontal cortex. On the other hand, the visual memory

" task activated predominantly right-sided structures, especially inferior frontal cortex, supple-
mentary motor cortex and superior parietal cortex. Conclusion: The results are consistent with
the hypothesis of the laterality and dissociation of the verbal and visual working memory
from the invasive electrophysiological studies and emphasize the pivotal role of frontal cortex
and cingulate gyrus in working memory system. (Korean J Nucl Med 1998;32:238-49)
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Fig. 1. Figures used for activation and reference tasks (A) short meaningful
words to activate the verbal working memory, (B) common objects
to activate the verbal working memory, (C) human faces to activate
the visual working memory, (D) meaningless figures and arrow to
remove the effect of visual stimulation by watching the LCD
monitor and activation due to the movement of finger to push the
button.
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Fig. 2. Increased rCBF in verbal working memory activation with short words: Colored voxels
are those with significantly increased rCBF (Z>1.66, p<0.05). The number below each
transaxial image shows its z-coordinate. In left hemisphere, premotor cortex, Broca’s
area and cerebellum were activated. In right, anterior and posterior portion of cingulate
gyrus was activated. Brodmann areas, spatial coordinates and Z scores of all significant
foci of activation are given in Table 1.
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Fig. 3. Increased tCBF in verbal working memory activation with common objects which
enable the subjects to associate certain specific words in his mind: Colored voxels are
those with significantly increased rCBF (Z>1.66, p<0.05). The number below each
transaxial image shows its z-coordinate. In left hemisphere, premotor cortex, Broca’s
area, superior temporal cortex, basal ganglia, dorsomedial nucleus in thalamus,
cerebellum and prefrontal cortex were activated. In right, anterior portion of superior
temporal gyrus, anterior cingulate gyrus and Broca’s area were activated. Brodmann

areas, spatial coordinates and Z scores of all significant foci of activation are given in
Table 2.
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Fig. 4. Increased rCBF in visual working memory activation with human faces: Colored voxels
are those with significantly increased rCBF (Z>1.66, p<0.05). The number below each
transaxial image shows its z-coordinate. In left hemisphere, paracentral lobule and
premotor cortex were activated. In right, inferior frontal cortex, anterior and posterior
portion of cingulate gyrus, supplementary motor cortex (SMA), Broca’s area, superior
parietal cortex and premotor cortex were activated. Brodmann areas, spatial coordinates
and Z scores of all significant foci of activation are given in Table 3.
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Fig. 5. Significantly activated regions in conjunction analysis of three experiments: Colored
voxels are those with significantly increased rCBF (Z>1.66, p<0.05). The number below
each transaxial image shows its z-coordinate. In left hemisphere, premotor cortex,
Broca’s area, cerebellum and basal ganglia were activated. In right, anterior and
posterior portion of cingulate gyrus and Broca’s area were activated. Brodmann areas,
spatial coordinates and Z scotes of all significant foci of activation are given in Table

4,
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Table 1. Significantly Activated Brain Areas and their Brodmann Areas, Spatial Coordinates and Z Scores (Test

of Verbal Working Memory with Short Words)

Coordinates

Brain area Brodmann area Z score

X y z
Left hemisphere
Premotor, Broca’s 6, 44 -54 -8 20 2.89
Cerebellum -40 -46 -26 2.85
Right hemisphere
Post. cingulate 23, 31 14 -20 44 2.64
Ant. cingulate 32 8 16 40 2.19

Table 2. Significantly Activated Brain Areas and Their Brodmann Areas, Spatial Coordinates and Z Scores
(Test of Verbal Working Memory with Simple Drawings of Common Objects)

Coordinates

Brain area Brodmann area Z score

X y z
Left hemisphere
Premotor, Broca’s, sup. temporal 6, 44, 22 -38 -6 10 335
Basal ganglia -18 8 2 2.85
Thalamus (dorsomedial n.) -10 -8 -6 2.71
Cerebellum -50 -40 -34 2,67
Prefrontal 10 -6 56 -4 2.57
Right hemisphere
Ant. & sup. temporal 38 26 18 -40 3.15
Ant. cingulate 32 8 16 38 271
Ant. cingulate 24 34 -6 2.66
Broca’s 44 54 26 2 2.08
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Table 3. Significantly Activated Brain Areas and Their Brodmann Areas, Spatial Coordinates and Z Scores (Test
of Visual Working Memory with Human Faces)

Coordinates

Brain area Brodmann area Z score

b y z
Left hemisphere
Paracentral lobule 4,5 2 -24 60 228
Premotor 6 -6 0 50 2.23
Right hemisphere
Inf. frontal 47 42 38 -4 3.26
Ant. cingulate 32 4 16 38 3.02
Pos. cingulate 23, 31 14 -18 44 3.02
SMA 6 14 -6 62 2.65
Broca’s 44 48 16 26 2.54
Sup. parietal 7 44 -32 42 2.20
Premotor 6 50 -16 34 2.03

Table 4. Significantly activated brain areas and their Brodmann areas, spatial coordinates and Z scores

(conjunction analysis)

Coordinates

Brain area Brodmann area Z score

x y z
Left hemisphere
Premotor, Broca’s 6, 44 -34 -20 22 2.58
Cerebellum -40 -46 -26 2.50
Basal ganglia -24 6 2 1.81
Right hemisphere
Ant. cingulate 32 6 16 38 3.20
Pos. cingulate 23, 31 12 -20 44 2.95
Broca’s 44 54 28 2 2.55
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