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{Abstract>

Purpose : The object of this study was to examine the effect of motor learning on brain activation depending
on the method of motor leaming.

Methods : The brain activation was measured in 9 men by fMRI. The subjects were divided into the following
groups depending on the method of motor learning: actually practice (AP, n=3) group, action observation (AO,
n=3) group and motor imagery (MI, n=3) group. In order to examine the effect of motor learning depending
on the method of motor learning, the brain activation data were measured during leaming. For the investigation
of brain activation, fMRI was conducted,

Results : The results of brain activation measured before and during learning were as follows; (1) During
learning, the AP group showed the activation in the following areas: primary motor arca located in precentral
gyrus, somatosensory area located in postcentral gyrus, supplemental motor area and prefrontal association area
located in precentral gyrus, middle frontal gyrus and superior frontal gyrus, speech area located in superior

temporal gyrus and middle temporal gyrus, Broca’s area located in inferior parictal lobe and somatosensory
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association area of precuneus; (2) During learning, the AO groups showed the activation in the following areas:
primary motor area located in precentral gyrus, prefrontal association area located in middle frontal gyrus and
superior frontal gyrus, speech area and supplemental motor area located in superior temporal gyrusand middle
temporal gyrus, Broca’s area located in inferior parietal lobe, somatosensory arca and primary motor area
located in precentral gyrus of right cerebrum and left cerebrum, and somatosensory association area located in
precuneus; and (3) During learning, the MI group showed activation in the following areas: speech area located
in superior temporal gyrus, supplemental area, and somatosensory association area located in precuneus.
Conclusion : Given the results above, in this study, the action observation was suggested as an alternative to
motor leaming through actual practice in serial reaction time task of motor learning. It showed the similar
results to the actual practice in brain activation which were obtained using activation of mirror neuron. This
result suggests that the brain activation occurred by the activation of mirror neuron, which was observed during
action observation. The mirror neurons are located in primary motor area, somatosensory area, premotor area,
supplemental motor area and somatosensory association area. In sum, when we plan a training program through
physiotherapy to increase the effect during reeducation of movement, the action observation as well as best
resting is necessary in increasing the effect of motor learning with the patients who cannot be engaged in
actual practice.

Key Wonds : Action observation, Mirror neuron, Motor imagery, Motor learning
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2001).

AT A4 Wby AlZE BAe} 2ol e &9
TES BF Ee s BAE oldisin Al
"‘83 Aok 2 g9 HAA Aol YrhteXA
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“eight”2 F WA &£rlgoes A€ HF|E, “two”
9 “seven” A WA &IEeE AEF W19,
“three”¢} “six”= Wl A &/1ges Q8% w3
7], agln “fouwr”d} “five’s Al WA &olgtem
ol2Z WF71E F2A FAHFig 1). 8749 s
9] 53] gHEo 2 o|FolA 40719 dEHLZE
9 EES TAsl dF9 13 AdE 15508
AA S HTh 40719 H&AEE FIE e A&
39 ¥kgste didApl 71§ FE= AT 4
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Fig. 1. Method of reaction
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Table 1. Leaming-related brain activation of actually practice group during leaming

X y z T Location / BA

X y Z T Location / BA

S0 62 -6 693 LCr, FsG / 37

-30 -90 -10 658 LCr, 1I0G /18
-6 0 46  6.01 LCr, AC / 24
-44 2 54 541 LCr, MFG / 6
-24 -58 34 58 LC, Pc/7
-64 -26 8 552 LG, STG/ 42
-4 -54 -6 546  LClL AL, Cm
32 -4 52 527 RCr, MFG/ 6
42 -58 62 518 RCr, SPLb /7
-44 -40 50 511 LCr, TPLb / 40
34 -54 30 479 RCL AL

-46 18 30 476 LG, MEG /9

-36 -38 22 422 LCL AL, Cm
60 -10 0 418 RCr, STG/ 22
32 -90 -4 400 RCr, 1I0G /18
-40 -12 54 421 LCr, PreG / 4
-40 -14 54 388 LCr, PocG /3
42 32 19 373 RCr, MFG / 46
68 -24 -6 362 RCr, MTG / 21
38 -48 40 346 RCr, IPLb/ 40
36 54 32 346 RCr, SFG/ 9
-35 -40 58 343  1Cr, PocG /5
12 -62 -16 425 RQ, PL, DV
-45 3 31 338 LG, IFG /9

BA : Broadmann's area, LCr : left cerebrum, PrcG : precentral gyrus, PocG : postcentral gyrs, RCr : right cerebrum, LCI
tleft cerebellum, RCI : right cerebellum, MFG : middle frontal gyrus, SPLb : superior parietal lobule, SFG : superior
frontal gyrus, PL : posterior lobe, AL : anterior lobe, CIT : cerebellar tonsil, Th : thalamus, ITG : inferior temporal gyrus,
MTG : middle temporal gyrus, STG : superior temporal gyrus, CL : caudate lobe, CdT : candate tail, TL - temporal lobe,
IL : insular lobe, FsG : fusiform gyrus, ITG ' inferior temporal gyrus, IFG : inferior frontal gyrus, IPLb : inferior parietal
lobule, 8bG : sub-gyral, Pr: pyramis, Pc : precuneus, Pv ' pulvinar, AC @ anterior cingulate, MFG : middle frontal gyrus,
10G : inferior occipital gyrus, DV ! declive of vermis, Cm : culmen

37, 6.93), SHilZHAATFEBA 24, =6.01), &
HolMe g9 4y 2y FEol BAsEHAG
(Table 1)Fig. 2).

5 Uiy A EFEEIFL Fholvte]
FHBA 6, t=5.27), ARIRAEL AoFAYBA 7,
t=5.18), Solulaldtgd e Folnlo|HBA 46, =3.73),
flolutoleHBA 9, =3.46), HEUAFHL olgn}
FAHBA 40, =3.46), RANAREL opAFHESF
olZHBA 18, =4.00)°] Bt =G FUH
ZpolFHBA 21, t=3.62), HTAolFHBA 22, t=4.18),
AxoMe Ax9 ¢, FAEY 4 Y FE|
Z43kE ok Table 1)(Fig. 2).

2. e 2E OFS A4S ¥ 2 B 4 Y
A
[A- e |

P9 FF 1§59 A5 I BF F F5 9y
A A ALFEHL FALOIFBA 4, =3.36),
TERZEHL FAANFBA 6, =6.76), FIto|
ulolFBA 6, =5.55), FolvtAgdHL olefoln}

o|ZHBA 47, =4.36), StolvlolFHBA 9, 46, =3.99,
=4.04), ARALBEL SAFHIZHBA 2, =4.08),
WauAgdegde ol #xLEBA 40, =8.17), F3t
HE5olge] AZAAFIEBA 19, =1047), FZ
ATFEL FI2BACIHBA 41, 42, 55.60, =5.73),
275 B 505 U EkolBBA 37, £10.53)
o &A=t B FTUACIRBA 21, +5.30),
HAGHAAEBA 13, 5.55), dntdo|Fe]
A, AR, e hve] axdy Rl 84
35 itk Table 2)(Fig. 2).

=& g FAdrs dARFTIGL FAY
ZFBA 4, +3.36), HEUAG G2 AT FBA
40, t=4.08), SVALCIFBA 39, 1=3.68), dolvtAH
gl olgolnlo|ZHBA 46, 47, t=3.65, =3.66), F
ZrolololHBA 9, £3.26), °IAAAFLL ofH
F5olHBA 18, =4.05), AAATIILe FUHF
FolEBA 19, =641)°] BASHA. EF F3IH
A O)HBA 21, =4.29), STAIHBA 22, =6.31),
iR kol BA 37, t5.05), HAgHEGY
(BA 13, =335), 278, &M 4xle wid
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Table 2. Learning-related bréin activation of action cbservation group during learning

X y z T Location / BA X y z T Location / BA
-50 -64 -8 1053 LCr, MOG / 37 12 -76 -46 484 RCI, SLLb

-36 -88 14 1047 LCr, MOG/ 19 48 8 20 484 RC, IFG/ 4
-34 -40 54 817 LCr, IPLb / 40 6 12 56 472 RCr, SFG/ 6
18 -56 56 700 RCr, Pc/7 -14 =72 s34 336 LCL Uvila

25 -55 62 525 RCr, SPLb/7 38 8 4 335 RGC,IL/13
-50 -36 22 555 LG, IL /13 -26 10 -16 436 LCr, IFG/ 47
-48 2 34 676 LCr, PrcG/ 6 -20 0 16 346 LCr, PhG, Ad
-28 -4 56 555 LCr, MFG /6 -60 -18 46 4.08 LCr, PoeG /2
-28 -26 56 336 LCr,PrcG/ 4 46 -38 30 408 RCr, SmG/ 40
-64 -4 -2 530 LCr, MIG /21 42 -86 -16 405 RCr, IOG /18
40 -88 16 641 RCr, MOG / 19 -44 24 24 404 LCr, MFG / 46
48 -54 -14 505 RCr, FsG / 37 -50 24 30 399 LCr, MFG /9
25 -58 -28 633 RCL Pr 0 46 2 308 RCr, AC

34 -54 -34 433 RCL CIT 0 -78 =32 324 LQ, PV

68 =22 4 631 RCr, STG/ 22

68 -16 18 540 RCr, PreG / 43
54 -44 10 429 RCr, MTG / 21
40 -2 60 581 RCr, MFG/6
50 -2 60 485 RCr,PrcG/6
-52 -20 12 560 LCr, TTG / 41
-60 =20 10 573 LCr, STG/ 42

32 -34 30 368 RCr, STG/ 39

32 32 -12 366 RCr, IFG / 47
34 32 10 365 RCr, IFG/ 46
20 14 6 354 RCr, LN, Pm
-16 -26 2 353 LG, Th

>

38 36 36 326 RCr, MFG/ 9
38 -23 56 336 RCr, PreG /4

TTG : transverse temporal gyrus, SmG : supramarginal gyrus, PV : pyramis of vermis

&9, &MEE, &M FAFE] BAY3E Ak Table

2)(Fig. 2).
3 23 ¢ OEC 25 44 S B | &Y

24

TE AL 2FY &% Y T F S Oy
HZdX EFREGHL Folrlo|FHBA 6, t6.86),
FAUOIZBA 6, 6.02), SItolulolzHBA 6, =5.29),
ABAEIGL H7IgAABA 7, =6.95), H=2Y
AGHL ol AALABA 40, =5.58), FolnlAF
dHL ol ojulo|sHBA 46, t=4.16), YA LI
< olHESIFBA 17, =9.00), oz FHFe
#7101FBA 18, t=4.56), AAAFIAe 2UHE
Fol%BA 19, =4.57), FAAFILL Aol

(BA 42, =6.69)°] BN EF ABA T
(BA 22, =5.20), HA7IE=dolSH(BA 37, =6.90),
HAAHEAGHBA 13, =4.61), 7MY, LHAA
€ 4&¥ AL 4&¥ Hx o] 8A31E ck(Table
3)(Fig. 2).

& iy HAoME LFEREPGL Fho|v}
O|FBA 6, t=5.43), go|nAFARL ABAolF
(BA 38, t=4.25), F3to|vlo]ZHBA 11, +3.62), A
AAFgde HrYAHBA 7, £3.37), H=UA
dge olYrlEAUBA 40, =3.81), °|AAZIY
2 H7Io[FBA 18, =4.56), AAAFFIGL F3H
HAETolRBA 19, =4.57)°] B4 =AU =
ZBAOIHBA 21, t=4.69), HATAOIHBA 22,
t=4.60), &¥ollxE Ax AL 4x g8, 2
HE Kyo] B4gsiscTable 3)(Fig. 2).
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Table 3. Leaming-related brain activation of motor imagery group during learning

x y z T Location / BA X y z T Location / BA

-28 94 -8 900 LG 10G /17 32 -42 36 413 RQ, CIT

-16  -104 -6 456 LCr,CnG/ 18 40 40 40 403 RCG AT

30 9. -4 173 RCr, 10G / 18 60 6 -12 469 RCr, MTG /21
-6 8 50 68 LCr, SFG/ 6 54 0 10 425 RCr, STG /38
2 -4 56 543 RCr, MFG/ 6 58  -18 4 460 RCr, STG /22

-26 -58 5 695 LCr,Pc/7 -24 -4 44 529 LCr, MFG/ 6

-30 -84 14 457 LCr, MOG/ 19
-42 -40 48 558 LCr, IPLb / 40
-50 -62 -14 690 LCr, FsG / 37

-64 -24 8§ 664 LCr, STIG/ 42
-60 12 2 320 LG, STG/ 22
-44 8 4 461 LCr, IL /13
-48 0 48 602 LCr, PreG/ 6
-10 -64 =20 3.48  LCl, declive
22 -68 48 337 RCr,Pc/7
30 -66 44 335 RCr,Pc/ 19

12 -68 -20 580 RO, declive
12 -56 -22 378 RCl, Dn
-24 -8 12 417 LCr, LN, Pm

22 38 -16 362 RCr, MFG /11
34 32 18 416 LCr, IFG / 46
2 56 34 413 LCL OT

32 -4 38 381 RCr, IPLb/ 40
2410 6 333 LCr LN, Pm
-20 2 18 326 LCr LN, Pm

CnG : cuneus gyrus

Fig. 2. The representative fMRI results showing brain activation during actually practice, motor imagery

and action observation
v &
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#HA Fo shtE Azl Sg(procedural learning)®)
S BAR 4 UK Gazzaniga 5, 2002). E£F
22902 AAEHE Al - AR A3 LS TF
£ Fslok 3l7] W& e ojF 9} ol F8
347 2834 ok Breslin 520052 4AA $5%
<33 P9 BAF e N 3L UF 9
o g 2 F3Y 5 Qlda 23 YA



e SR A5E A3
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#AANoEE A F 3 Aot Qe FI
A=l HEEEE EAE 5 Uk ol AA
74 me FPAAH BN fako FAHH
7] B¢ Y L 53 o s HAA £33
2L $F 5 2 ERE JIA & F Uk A
£ AR

Molnar-Szakacs 52006} A&H o2 doju=
RS 39 & A7 de EE 4718 s
RS o, Lol AHIHBA M), 5 Bx 3Y
(BA 6), AAAZIL®BA 7), AAZGALBA 2),
AZFHBA 17, 18, 19) To| 4 Ao A
o AT EAEQA 47] WHe ubro] #Esw
22 FEL 23 Agx HE gE 99| 84
gokn 3tk ole B9 wFol 9o 2L B
g Sl ofugl P99 oHlE v the A&
olulgich 28)3 Cheng 5(2009)¢] Aol w=dw
d2e) Azl 2 PE B2 ¢ 9 247 o
3o Aot 2eEbN 843 He F90 Aojg B
ka3 uehi B dFeiMe A4 vk ARE
A} S W BE HAR BAY Ao|vhe
dolry] fa B A FAE gidxE sl
AAGen, BE Sy Wyl 47 e Wy
ANZAHERI AT FUd AL AL AN

o] gAlA BAHE o8 A EAES 2
37] A3 FIAE OSE PEE AEsA Hu
ol Z 4EHA &L FYPFeE HolAl HAY
BE 2FE e 9ok oA WHHE oHE
Zoln e &FAE F/MFI7] s AR @A
dMe olst FHF el HYYL AT
Het ole o] AV 7l €59 7P & ol
th. B& AFENAN 2F F5 2719 olvdn #
A4, 2 gl dojdQaA FviE 8=
£ Hltka e, Aot B 9L Fue 4
TE9 Ave} AXFHOrban F, 2010. EF B
A7AA S A HA 38 A axe A0}
= Jehded olgd Ade 247t 55459
Z7) QAN €437t gol dojux Hule
Sl AAZQ Fd AE A Hu 279
B 42X g3 F Sl o Hdel 2ol

o|E3ch= AL 9w (Halsband @} Lange, 2006).

g9 AL 538 5 T F, FHLNHY
YRLFHY, SFEHXYY, FovlolFe &5
B2Y, Folvtolda ofgfelnto|ge] YolntdA
#9499, AR49d, W=uAFY, olHriF4Ad
o] gy}l 9o FAHU ol A= I
9 AL 5% s A AA F3 [ARE 99
o] gAo] yehgor, A4 $£3& A WA
FAUdojgFe] ALFHIBA 4, FHFIFH
ARAAGHBA 2)°] BAE AL P9 @Fo
ALNARA L Bheg Q8] HA £y 2L V)
52 733 e AS ulghRizzolatti, 2005;
Tremblay 5, 2004). £ QAFolAE Fztolnlold,
ojgivvlold, FAUo|Fe 5 BREYY #Y of
Uzl golnlddddBA 9o BHEE A BF
3lo] Rizzolatti(2005)9] AFolA ¥ AL417 9
A7 AFOAA TS QA EXdThe A& Al
ARgicl, o]= Molnar-Szakacs $(2006)2] Aol Al
233 252 AAEA sHe A olvRd g
AgAAe] BAsisol T2 olslE w1 we
g F I=EE v Bud X vgelth
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