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{Abstract>

Purpose : This study was performed to understand the relationship between hand and mouth shapes using functional
magnetic resonance imaging(fMRI).

Methods : Two healthy voluntcers without any previous history of physical or neurological illness were recruited.
fMRI was done that volunteers was 6 repeated of natural mouth, close mouth and open mouth while power
grip and pinch grip movement.

Results : Cerebral cortex activation was not well observed for the natural mouth during the power grip exercise.
For the closed mouth, the temporal lobe, Broca's area, the prefrontal area related to thinking and judgment, the
supplementary motor area, the auditory area and Wemicke's area were activated. For the open mouth, cortical
activation was also observed in the temporal lobe, Wemicke's area, the prefrontal area related to thinking and
the orbital frontal area related to visual semse. During the pinch grip exercise, cortical activation was observed
for the natural mouth in the primary sensory area, Wernicke's area, the primary and supplementary motor area,
and the prefrontal arca. For the closed mouth, cortical activation was observed in the temporal lobe, Wernicke's
area, the prefrontal area related to thinking, the secondary visual area, the primary sensory area and the
supplementary motor area. In the case of the open mouth, cortical activation was observed in a few parts in
the temporal lobe as well as Wemicke's area, the prefrontal area related to thinking, and other areas related to
visual sense such as the primary visual area, the secondary visual area and the visual association area.

Conclusion : Brain was more activation for close mouth and open mouth more than natural mouth movement.

FAIA A} : 7488], E-mail: heeya6672@hanmail net
RS 1201009 068 30/ ALY 20108 07€ 3098 7 AASUY 20109 08 208

— 467 —



e oA A5 A3z

Key Words : Brain activation, Power grip, Pinch grip, Mouth shape

.M =

£ YIAEE 3= = F e rHes
A 29] F4, J15e2ANE A 29 AFolgt AL
T A ol gAEAN FaF 48
23 goncgulE, 2000), SRAGNME B3
E71%5E ARERth olEdt &v)5 e AAe g&
715% vHAE B2 AHgeg daEnFulE,
2000), 22 39 RiE-S Fato FIstn T
=dE Fo| JIeddn. £33 o8 Yy
ojFoiA et ¥g W7 ¥ FFe 5 F=m
s A= F7] TFE FE Zol ARsHA 29
(Napier, 2000). 43S FYPsi= 5o A4S
239 fele e g8 FEA e 2 ¥
HE olFA "Hth ols &9 L £ A Yy
A FHdol Rk 4 fle Aotk

2 AAe EEL 2 PJRE RA dck
EHHJHJ_A FHlA 2 €21 Homunculus] Fe)

£ EY ¥ FHNNANRE dFo=2 A, AR,
&, &1, 42, de 3 F9 Az Ugd=HAS)
ThKandel 7, 2000). 53] &3 2L H|&3 9
Aol A1gt Qe AL & 5 AUk

Ramachandran(2005)%] &j3t@ &9 g F 3%
7t A = He] vt oo oo 7
o] FAF g wolERItka ok oA 23
W AFEHE EojoE #Zo] FEFHE I &
Bl AFE dogled tEFH Aol APl ¢
2 EoBRE Zzo] EojeA K3ly] ujiolgt

| Power grlp - exsruise !

I'—‘_"L"—'l

T Sk 4B ATUDE FRE W &9 £7
oz Vs su U2 ke BAE F
A7te ABE WE &0l A =AVE B
stk

olg} o] 2ol EolA oiF AA B2RA A
HE Ho AT} 2INE 72He FHE
Ho| AFPL 1eH HolNE &3 G2o] Hl%
@ Qo] ZASl N ABAE BY Roz
A2k,

w}aw ApoNE £53 FWrIg 27

}e Fagste B¢ Qg WA @ AHe Be

A et e
Yehex golrad sk

M. o7t ghdd

1. 47 CHA W 712

2 A7E 20099 1149 1599 A7 o oy
7 2%E e E HA NAYHAEF Aot F
Fosty Aol i, +F 48, AA, FAUF
olde] glE Al udez AAEIg. & a7
o] Bz Ay Al disid FE3] olEA
3, A Folte) Aol FAsit)

5| 9hy

[= -]

N
n>

=302 MRI scanner <tollA] FHe9} H7to]

r-]o

Pingh giip exeicise |

I"""'L_“'I

gmwmzcwimm} me§mmmlw&gﬂ

bl

b

Pre - -Resting 3 soconds

Post - Exercise. 12 seconds
Resting 12 seconds
8 6 A

Pra. - Hasting 3 saconis
I Post ~ Exgroise 12 seconds
Pesting 12 seconfls.

fepeat § seri

Fig. 1. Diagram of experimental design
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Table 1. General characteristics of subjects

Subject 1 subject 2
Power grip Pinch grip
Sex Male Male
Age 23 28
Height 173¢m 176cm
Body weight 67.2kg T2kg
67.2kg °lx, F7IE AT A 29 B vole
284, 71 176em, BEAE 72kgo| Rk(Table 1).
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Fig. 2. Brain activation with natural & close & open mouth shape in power grip
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Table 2. Brain activation on power grip during mouth movement

T area
Natural mouth during 3.51 Lt. Cbr, Frontal Lobe, Inferior Frontal Gyrus, BA 47
power grip i
22.46 Rt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 21
15.10 Rt. Cbr, Temporal Lobe, Inferior Temporal Gyrus, BA 20
14.38 Rt. Cbr, Temporal Lobe, Inferior Temporal Gyrus, BA 20
15.09 Lt. Cbr, Temporal Lobe, Inferior Temporal Gyrus, BA 20
11.53 Lt. Cbr, Frontal Lobe, Inferior Frontal Gyrus, BA 45
11.30 Lt. Cbr, Frontal Lobe, Inferior Frontal Gyrus, BA 46
6.41 Lt Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 21
591 Lt. Cbr, Frontal Lobe, Superior Frontal Gyrus, BA 6
Close mouth during 5.76 Rt. Cbr, Frontal Lobe, Supen'or' Frontal Gyrus, BA 6
power gip 5.64 Lt. Cbr, Temporal Lobe, Superior Temporal Gyrus, BA 42
352 Lt. Cbr, Sub-lobar, Insula, BA 13
517 Lt. Cbr, Frontal Lobe, Superior Frontal Gyrus, BA §
442 Lt. Cbr, Sub-lobar, Insula, BA 13
415 Lt. Cbr, Temporal Lobe, Superior Temporal Gyrus, BA 22
410 Rt. Cbr, Temporal Lobe, Superior Temporal Gyrus, BA 22
4.00 Lt. Cbr, Temporal Lobe, Superior Temporal Gyrus, BA 22
3.88 Lt. Cbr, Frontal Lobe, Middle Frontal Gyrus, BA 10
3.53 Lt. Cbr, Parietal Lobe, Precuneus, BA 31
3.50 Rt. Cbr, Sub-lobar, Claustrum
12.67 Rt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 21
7.83 Lt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 21
7.51 Lt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 21
6.32 Lt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 21
6.11 Rt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 21
4.61 Rt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 21
Open mouth during 420 Rt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 22
power grip 418 Lt. Cbr, Temporal Lobe, Inferior Temporal Gyrus, BA 20
413 Lt. Cbr, Temporal Lobe, Inferior Temporal Gyrus, BA 20
3.97 Lt. Cbr, Frontal Lobe, Medial Frontal Gyrus, BA 10
393 Lt. Cbr, Frontal Lobe, Rectal Gyrus, BA 11
346 Lt. Cbr, Frontal Lobe, Inferior Frontal Gyrus, BA 11
353 Rt. Cbr, Frontal Lobe, Inferior Frontal Gyrus, BA 11
348 Rt. Cbr, Limbic Lobe, Anterior Cingulate, BA 25

Lt=Left, Cbr=Cerebrum, BA=Brodmann arca
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¢l BnEEgh 17, 18, 19 F9dA &4 E Hgn
(T=3.93, T=5.32, T=4.94), YAZZLFE<l BE=xt
2, 3 d9oA BAE BYI(T=7.09, T=7.22), &
ZAFEYEe Beegt 7 dodN FAE HY
I(T=543), SFEHFEEY HE=rE 6390 &
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Table 3. Brain activation on pinch grip during mouth movement

T

area
9.68 Lt. Cbr, Parietal Lobe, Postcentral Gyrus, BA 2
9.02 Lt. Cbr, Partetal Lobe, Postcentral Gyrus, BA 3
8.79 Lt. Cbr, Parictal Lobe, Postcentral Gyrus
5.61 Rt. Cbli, Anterior Lobe, Dentate
5.49 Rt. Cbll, Anterior Lobe
4.68 Rt. Cbll, Posterior Lobe, Declive
4.59 Rt. Cbll, Posterior Lobe, Uvula
4.19 Lt. Cbr, Parietal Lobe, Supramarginal Gyrus, BA 40
Natural mouth 3.90 Lt. Cbr, Frontal Lobe, Medl:al ]irontal Gyrus, BA 6
during power grip 3.89 Lt. Cbr, Flj()nt?l Lobe, Medlal Frontal Gyrus
3.85 Lt. Cbr, Limbic Lobe, Cingulate Gyrus
3.83 Rt. Cbll, Posterior Lobe, Inferior Semi-Lunar Lobe
3.80 Lt. Cbr, Parietal Lobe, Supramarginal Gyrus
3.73 Lt. Cbr, Frontal Lobe, Medial Frontal Gyrus, BA 9
3.66 Lt. Cbr, Temporal Lobe, Superior Temporal Gyrus
3.38 Lt. Cbr, Temporal Lobe, Superior Temporal Gyrus, BA 22
355 Lt. Cbr, Panictal Lobe, Precuneus
3.54 Lt Cbr, Temporal Lobe, Superior Temporal Gyrus
3.52 Lt. Cbr, Frontal Lobe, Inferior Frontal Gyrus
23.64 Lt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 37
9.33 Lt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 37
10.86 Rt. Cbr, Occipital Lobe, Lingual Gyrus, BA 18
943 Rt. Cbr, Caudate, Caudate Head
Close mouth during 7.01 Lt. Cbr, Lentiform Nucleus, Putamen
power grip 8.54 Lt. Cbr, Frontal Lobe, Precentral Gyrus, BA 9
4.41 Lt. Cbr, Frontal Lobe, Middle Frontal Gyrus, BA 9
7.82 Lt. Cbll, Posterior Lobe, Declive
6.99 Rt. Cbr, Parictal Lobe, Postcentral Gyrus, BA 40
6.88 Lt. Cbr, Occipital Lobe, Lingual Gyrus, BA 18
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6.67 Rt. Cbr, Occipital Lobe, Cuncus, BA 18
5.48 Rt. Cbll, Posterior Lobe, Declive
4.93 Lt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 39
4.90 Rt. Cbr, Parietal Lobe, Postcentral Gyrus, BA 3
4.77 Rt. Cbr, Frontal Lobe, Middle Frontal Gyrus, BA 6
4.7 Rt. Cbr, Temporal Lobe, Caudate, Caudate Tail
4.63 Lt Brainstem, Midbrain, Red Nucleus
4.60 Rt. Cbr, Frontal Lobe, Superior Frontal Gyrus, BA 8
4.50 Rt. Cbr, Parictal Lobe, Inferior Parietal Lobule, BA 40
Close mouth during 430 Rt. Cbr, Temporal Lobe, Superior Temporal Gyrus, BA 22
power grip 4.10 Lt. Cbr, Frontal Lobe, Superior Frontal Gyrus, BA 10
4.08 Rt. Cbr, Limbic Lobe, Posterior Cingulate, BA 30
4.01 Lt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 39
4.00 Lt. Cbr, Sub-lobar, Thalamus, Pulvinar
397 Lt. Cbr, Frontal Lobe, Precentral Gyrus, BA 6
3.82 Rt. Cbr, Frontal Lobe, Middle Frontal Gyrus, BA 6
343 Rt. Cbr, Frontal Lobe, Middle Frontal Gyrus, BA 6
354 Rt. Cbr, Frontal Lobe, Superior Frontal Gyrus, BA §
352 Lt. Cbr, Occipital Lobe, Lingual Gyrus, BA 18
343 Rt. Cbr, Parietal Lobe, Inferior Parietal Lobule, BA 40
13.20 Rt. Cbr, Temporal Lobe, Superior Temporal Gyrus, BA 22
11.12 Rt. Cbr, Temporal Lobe, Inferior Temporal Gyrus, BA 20
9.82 Rt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 21
11.22 Lt. Cbr, Temporal Lobe, Middle Temporal Gyrus, BA 21
10.66 Lt. Cbr, Temporal Lobe, Fusiform Gyrus, BA 20
8.75 Lt. Cbr, Frontal Lobe, Medial Frontal Gyrus, BA 10
6.70 Rt. Cbr, Frontal Lobe, Inferior Frontal Gyrus, BA 46
7.85 Rt. Cbr, Frontal Lobe, Inferior Frontal Gyrus, BA 47
7.46 Lt. Cbr, Occipital Lobe, Cuneus, BA 18
532 Lt. Cbr, Occipital Lobe, Lingual Gyrus, BA 18
4.94 Lt. Cbr, Occipital Lobe, Middle Occipital Gyrus, BA 19
7.22 Lt. Cbr, Parietal Lobe, Postcentral Gyrus, BA 3
. 7.09 Lt. Cbr, Parietal Lobe, Postcentral Gyrus, BA 2
Close m";’ﬂ‘ during 6.68 Lt. Cbr, Frontal Lobe, Middle Frontal Gyrus, BA 10
power & 633 Rt. Cbr, Parietal Lobe, Precuneus, BA 19
6.27 Lt. Cbr, Parietal Lobe, Postcentral Gyrus, BA 3
5.43 Lt. Cbr, Parietal Lobe, Precuneus, BA 7
472 Lt. Cbr, Parietal Lobe, Postcentral Gyrus, BA 7
5.41 Lt. Cbll, Posterior Lobe, Inferior Semi-Lunar Lobule
5.10 Lt. Cbr, Occipital Lobe, Cuneus, BA 19
5.04 Rt. Cbr, Sub-lobar, Extra-Nuclear, BA 13
4.03 Rt. Cbr, Sub-lobar, Insula, BA 13
3.82 Rt. Cbr, Sub-lobar, Insula, BA 13
4.85 Lt. Cbr, Frontal Lobe, Superior Frontal Gyrus, BA 10
4.82 Rt. Cbr, Frontal Lobe, Middle Frontal Gyrus, BA 6
473 Rt. Cbr, Frontal Lobe, Inferior Frontal Gyrus, BA 9
3.95 Rt. Cbr, Frontal Lobe, Precentral Gyrus, BA 6
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3.59 RL Chr,

A71EE 8 A QRG] we HBYs £4

Frontal Lobe, Middle Frontal Gyrus, BA 10
Frontal Lobe, Middle Frontal Gyrus, BA 46
Parietal Lobe, Supramarginal Gyrus, BA 40
Limbic Lobe, Parahippocampal Gyrus, BA 19
Frontal Lobe, Medial Frontal Gyrus, BA 6
Limbic Lobe, Parahippocampal Gyrus, BA 27
Frontal Lobe, Precentral Gyrus, BA 6
Occipital Lobe, Inferior Occipital Gyrus, BA 18
Temporal Lobe, Middle Temporal Gyrus, BA 39
Sub-lobar, Caudate, Caudate Body

Limbic Lobe, Cingulate Gyrus, BA 24
Posterior Lobe, Cerebellar Tonsil

Occipital Lobe, Cuneus, BA 17

Limbic Lobe, Anterior Cingulate, BA 10
Frontal Lobe, Subcallosal Gyrus, BA 34
Sub-lobar, Caudate, Caudate Body

Posterior Lobe, Declive

Parietal Lobe, Inferior Parietal Lobule, BA 40
Sub-lobar, Insula, BA 13

Frontal Lobe, Superior Frontal Gyrus, BA 8
Limbic Lobe, Posterior Cingulate, BA 30
Parietal Lobe, Precuneus, BA 7

Frontal Lobe, Superior Frontal Gyrus, BA 8

Fig. 3. Brain activation with natural & close & open mouth shape in pinch grip
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