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Abstract
Professional dance training demands the achievement of both motor expertise and esthetic appeal.
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Expert dancers are capable of both flawless performances of long sessions of choreography com-
prising complex and demanding movements, and creative improvisation, which made them a
unique group of subjects for investigating brain plasticity changes caused by complex motor
learning. The three facets of motor learning-action observation (AO), motor imagery (KMI), and
movement execution have been shown to recruit a common “Action Observation and Visualization”
network. Functional magnetic resonance imaging (fMRI) and Electroencephalography (EEG) stu-
dies related to dance training were reviewed. It was found that complex movements in dance
learning recruit different motor, sensory and cognitive brain areas. Neuroplasticity changes asso-
ciated with variegated and coordinated motor tasks in dance training underpin the expertise
brought by long-term intensive training of the specific genres of dance. On the other hand, due to
the motion artifact inevitably elicited by complex whole-body movement in the process of tomo-
graphy imaging, the use of more ecologically valid dance material as stimuli in the functional neu-
rology imaging study on movement execution is still unfeasible at present. Therefore, motor im-
agery invoked across multiple sensory modalities will still be employed as substitute for actual
movement execution in the foreseeable future.
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1. 518

PR S — T S A A HAt i W45 OB S S AR = o 1L SRR ZR i st RS 45 202
NBIEH SRR E . HE A LS8R 7 B e 201, Ragdd KIR 2 kil g4
RESEHL - SRR 2R SRR R Bl B NS 2 ) B g 1 5 32 8 77 50, BB AR AR et B
SRS BIEERIA T AR 2 Ak ARSI A, N EIASRE I SR KA ESR I
SR, ORI B AR AR B AR 1) S R s A JE R ST 0 P B SR 2 2138 R ROt R s KR R SR
A HEgR. R, SO RTINS AL IEE SE TR A, SR LIRR S N AR SR
WIZRR] BEHT AN LR R GL AR SIS B IERot 0] B (1 G544 5 D REVE DA, (645 3 AR A 22 ] 2R PRI 70 05 T F
A MBI FR R

2. BESMEFEI B RERERD
2.1. MEHEE

BHERENER SENERCREETNEA ., %2200 mE, HEREACHIMEERA L. #
A ER R EWEMNNIBIMER, RERNE SHBAEED), HE3mh 2 ERRBRafE. A
T AR LB VE T 32 3 1 4458 “ B4R £ 7t (mirror neuron)” B (Rizzolatti & Craighero, 2004)f1]
SO FRATTEE SR B AR, I8 A5 B (1) Atk N R Y8 B AR i R R B 2 Sk I e IR B A R AE Sk o DA B g A
BAR, N % R G A i W 83k AT B VR 2% ST IR R v R HE OB VR AR o iR R AR “ B E L 2 2% 7
(action observation network, AON)Z T #] 43z 5 X & 5 1 [X (PMC) . iz 5 4 Bl X (SMA) LA K TH - 5z J5
XL B 5T XA AE S AR PAT BRI B0, 11 HLAE U A A S E B ELC B (imagery) 14 28 A A B 1R I 1 2>
¥ (Lotze et al., 1999).
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BEPRZ U TR I T B, S5 SR T S AR AR 1% R 4. B Buccino 45(2001) LAT REMEA
WEILHR BAR B (EMRI)ZEAT I — DU 78 052 1 CE L HL At N A [m] S AR A g B, HOR Iz i X
AT B o7 s (AL 5 KRR e SIS B 28 B 2 18], A — — XL A7 2 (somatotopic organiza-
tion). 1M H, BEFHEICHITES) RERT A ik shE: RIS N FHaERENS 51 K L g3, gL
T ERE SV M B (Tai et al., 2004). B, —IRALAL ME. RO RIBETR, RIMAANEENE)E
TH B 5PFh sl H EE(motor repertoire) I 1EI (B an KR ANE T AN IS B BE), A =i K H 5L
PTG Z, 75 Ak R B B D X R B 15 B X2 m A48 70 2R G0 (035 A 7K P B T BT 2 1)
eSS B 5 E R ENE A FFE 2 5 (Buccino et al., 2004).

HMIRA b3 28 A i 548 2R et 78 b ek R S sl AR (bu andh . 3 F4R) ML, ZRemsh (e i 5 s ki i
A, S NRIBME S T LR o5e th 7 s i Pkl . X 3 38 L G B e S e I %) i 505 0% 3l 1 AT
fMRI K2, 29 BRI ZR U s2 M AN 22 25 3R it 46 R . Calvo-Merino 45(2005) ) — T 5t 70 st =
Mzl E: BWEEEE. TR (capoeira) 5 . FETEE XM . E2KFH e FUE 2 BEEEM
R EE AR B B[R DA EMRIE A2 5% O AS [5] B 53 X 35 3y, S5 SRR I SR fE LG H OB 1 5%
PSS (55 BE A2 SR AR AR LL) . LA B X RS B BE B, X L IX I B R U OB B HT X . TR
(intraparietalsulcus). i 5 b (posterior superior temporal) 5 5. &4 Pl 1 45 (medial prefrontal) Kz Ji «
147 [ (cingulate gyrus), LA &% i 5 5% [l (parahippocampal gyrus). M3EEE MVEE S H XA 2R, X
PR B E WA SERT, RAKEREA NRI3I1E # B FE (motor repertoire) i i I 52 i X TE BB AE . HBh{E
WLE% X 245 (1) 4 22 05 BN BT R R 2 2 DA J SR XA RIS At )2 IR sh e g tE. (B —ANSER 2 Lk
R 2 TS IR 1) R B 2 X6 AR B R S AR AE AN 7 T PR AR, T R B 5T 38 B DXORT B 444 7 R AR T 2
N T HRTIZ A L, Calvo-Merino 45(2006) X 4T T — I fMRI B 50 : REFLREEINELRETH
PEE LSRR, R A AV B 0 R R B R A FE R R AR A . 24 55 Lo B WL T 78 P A
AR, R R A E R ISR, IEAATIX . T /N 5 XA il sk 31 1 B2 1 2 & 31
LA NER T FEEL Esh il B EN (5WE I T Rl B R A EL), Fok B 5T X i 20 58 s
o BRI TR E BARSE ARG IR A, TR SEAEIS 30 77 1 R R A4 B . Cross 45 (2009)7E —4H.
TR I B N R AT T T B I PR ER AR AR R K W S A 2T, 1R X R MR 45 2R RO R
() BB I SR AE B IS I 28 Hh 51k 1 4R 22 T iE S 3G N . LA FIX 28 fMRI B T 38718 3l i X 5 T 52 5
TEFR IR R TR R I EAEH .

i H €l (Electroencephalography, EEG) & —Fhicisr i H i i F A= BRI I 757, e &5 1) 7 Ak 22 HEAA 4l
J A B R S A 5 EA R [R5 A, A RIS AN RIS AR s B o0 % 15 T I80A -~
TEBERS; B PR, AN B A A Sk T IS E RS AR b S IR A RIS B A SRR B
BAE LS IPIRAS TN s T Mu 35 2 7545 1l B 0 2 (0 R0 X33 P K B AR 1 22 e kA v sl 1) [R] 2B A IR
EEG RESR ALK s 22 AP (I 18] 43 M2 . Orgs %5 (2008) 7 Lol B 38 F6f HE L AL K — /MFE A, L EEG id
KRB TEWE 6~12 s FREEAN/ERN H & A8 3G s AE R AL FE A (1) S5 4040 5¢ 22 [F) 224k (event-related desyn-

H & A& Zn R AR ) 27 B B R 1) ERD, $&7 HZn/E WS R Gt B B hn s 2, s HEZH 0 % 2 3
2. Amoruso 25 (2014)7E TV IR IR BT FIR IR« X 3R 58 4= P AR P REZH A R e A, 43
A2 AR A IR ECHT A AN (AR B AR R AR SR LA (1) EEG &3l MR- T~k 5 T80 (%) o0 A o
SuEA EIRENAHR 2R, H5MHEEREEERIEFFX,

vz BT, TESEERAE SI B EM SN T, FMRI SRAE T RS 0 i3 45 K40 B %, T EEG 424t T
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FFR RO ) 233 . TSR E (ENUE PGB RO SRER IR, Bl 1 U 5 e 22 90 2% (31 i 38 2l i
DX 55 T ) P37 3 56 B2 W o AR 2R s AL, g T 0, LR TR AT RE 2 28 3 I RRAE VI 2R A 1 5 Ak
(RIEh {FRAL -

2.2. BEIME (Motor Imagery)

FER SR TEREA BIRM A R E (B W M. B3h. ARG, e A AR
e CARRART T LAAERE, BB IMER SHASIE. BN ET LRGSR g m, W blg
SEAaBINIENME. Yodh. FE. FE. s BAZ(Overby & Dunn, 2011). FEEG OB 1 P T SRR 2 20
%, WA T AEg #E(Fink et al., 2009). #FEYIZRAT DLibiz ) o014 (kinesthetic imagery), k8
B4t att, HooMg 8 hnE 2% 58 E(Golomer et al., 2008). A HIZUH RN T AR % 5 )| 2138 )
Gk, Rl IR AN, AT R AR T O B AR LR 2] (Krasnow, 1997). R4 I8 LB
20Ok LR MR B I HLEL R A ? AR i s G e T R s 7R R AE AR 4L R (Jeannerod,
2004). BT DU BAAEBIE S S bR AT B E BT e RIS B N 28 A I 2 A, 8IS R SR ST
XS i X ek, e A8 DU R (priming) (¥ 77 SR BI M SRAG SEBR 12 3 4% RE(Adams et al., 2014). A Hf
TR, FFHHIZOGMAESER, ATROLFEIH ORI & BARBRSE A 35T R X
W(RFEIZEHATX, FNEaIX, T, Y93 X)FmEmAE B iEshibm, Xk miEshRE 7 A
S 4 0 2 v o ) 5 P VR A (Blaser & Hokelmann, 2009). 3 & W 98 5 (E BT B R HAHAT 55, 432
S S HEAT A R BN E D AR (ML) 5 3 VR 1 SEFREAT (ME), BAK 5% ¥ (Magnetoencephalography, MEG)
W BTG, FEEN UL ERCRIAGES), 4550 ER ML 5 ME 51K 16 60 % 2 47 5508 1) 52
JRIX AT, #8551 BRI RIS 3 X DR ARAREEGE X, (R MI TS R P& AR T ME, 1fi HL
ME 5| & 135 5 55 35 58 4 of T % B2 S5 (Kraeutner et al., 2014). Cross 25(2006) 4V 5534 75 B AR 56
A S B SR AU 7E S b LU SRR MR Zh 1, LU IMRI A B H R G sh. 45 1R WG A8 525 1
IEBNETIX AT R N AR5 R T R IE S, T ELYE B R 5 X SO Y BARE DL R B N R 1% 5 0D
1 H /eI IEAESC, RN SR AR BR T3 & IR R IX, i85k TigahiiihixX . 5 Evs BL &
WIRIE B X B R G 28 ATk, SEMIE . OB E 2 SPrT iS5 RS, T N5 T 82 R
X2 iE), UL JURMT N E e 3 TR 2 i — B ERIE RS . ATl il 0T FHa
MK FEFZRE W IMRI 218, BaWE. WAL PUTIEX =38 Brised o0 52 5 (X S IUZ g, R
M BER R B 5T XA B T8 3l AR BT ) B2 S5 X, 1T i 8 SR T SEBR AT S BT i FH 1) B2 Joit
[X (Macuga & Frey, 2012).

2.3. PR SEEERNE

RN Bl 2 7 BRGSO 5%, BT ART SCRTIR BB 2053, Rl i b 2 (MRI 2 H 2z —)
TR M F TR 22 S5 W 7E S R i) B8 3 P R AR I 25 W B D e A8 Ak o ARG et 90 3 S5l id 50 52 56 1) 8 o
KX — M, Brown Z5(2006) it T — AR E, ARSI A AR KBRS SN IE B R (PET)HL
(WA B TR BT N 6 U M /s B AR R R A 0, R ) i 4 Vit 20 e 8 N K 0 26 Wl A2
TR, TE AR IR A R A 4 23 DX 30 2 LU AN TS BRI X3RN BB 2 U s Efprid, A 7ERAR B18
DA ), HRUBIE—> 30 BEMUR-F 1 EMAREE2 (U85, SkANEh). 45 R BR8P0 H & IRk 2
WEZPEE, /NI ARWNE S, AR AR RS — S8 s D, BT s R0 E A EE s . H
FITE AR TR T A A S SRR S

Tachibana %5(2011) % F T AETEUT Z0 /1G5 (FNIRS) (FNIRS AT FMR — B #82% 52 b L7 Hh 6 0F0 IfiL 21
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FARG B SR =R A TE B, AR RS HE A MR, (HE BAARRHE%, 22
BN BT HEAR N B T A 58 58 FE AT — P SR BB AT X BN PR 0 3 o 485 SR IAE S0 L [ AT b /N
HH TR P e 2 ) B i R P82 () B4 D T R A o E 25 IR — U VE R AR R R 78, Ono 45 (2014) & AT
I R SEURH L 2T R AR B0 71 2 TR T SRER AR Xk 2 3R I SR DA R . Cruz-Garza 5(2014) LA EEG J7
VERE SR 52 3 R MRS AR AT (Laban Movement Analysis, LMA) (3% & —F ] 1055 . b & b &AL A AE
HEINe 2T GACHEIR T 5 RGARRIRIE 5 ) B Ul 088 2 7E DL R =FP 2 S 3P i eh 2375 30: 1) 564
FIBFRIEVERIIBNE; 2) ToREVESNE N [F I M AR — Rl M ah (B R 3) A RBHRMaE. 1
v 5 WA LS BT S B IA TR SRR B 2t LMA BT E LI\ R ) 200R 5 (effort quality) Tk . EEG
KB TIBENHT X, I8 XTI 5 i A 2235 30, L3S 5 ) SRS EEG 155X SRR aNE iR
FeURAT T BOMKETAT& HIRCRe B 2338 BIRBEFEE] PET. fNIRS. EEG U7k nI LA T H 52 0%
FESE I R I DhRE P TG EN I L, H4ER T — AN e R IE R EAN [R R A JZ T 1 22 A4 i [X 4alob) Fle Fr) 4
FEM % . (HRE R, B AR SR RS sh (R A A0, 5 Pt SR I R A 205 DA K % 5 R Ve B
TEEIEIRK, SJEaMEMIRE AR S R phE s 2hic FeH R (1456 1T A8 BON Z )8 1) 22 g v o7 1)

3. FEVIZHEXHMETEMNT

Fh 152 >] (Motor learning) i i #5219 25 =) AN ) S 45t LLIR IO s b 15 BE i) #8 (Newell, 1991)
i BT 44 (neuroplasticity) /& Fa A\ A4 28 I 26 £ 0 PR35 5 1 B 1 250 BT 2 300 1) T R 5 85 40 11003 7 P R 2K
ST AT I TN AE I ZR A% 2038 Bl 23 AN I 18 FH 00T 2 R DG DX 33, AN T Skt 448w 8 ek 7 T ) e
FEFARIBIEAES B N RS IR N RSB U R BT 58 BUT S5 BT R B0s i & otiE 3l 20
Fla#, XA RERR KIIMINZGA BN RS g A TiENERL, SEUESMX RS, T2
F #2235 2h T (Bar & DeSouza, 2016)

Rehfeld %5(2017)f& Bl « TR K& 0477 (voxel-based morphometry, VBM) (X f2& — Fi i SR 1%,
BI04 E BN AT HAR, BT DU AR BN A T A 50 (1 T A5 20 90, T8 I 8 500 A MIRIHR A A 2R P A 2K 58
PR 5 m AR AR (AR AN SR s W) 5 K () Ll B 22 e )WF AT S I 18 /S 3 00 R0 ) 2 R 3 30 A B AR
FFECT MG SR X4, fFE CAL. CA2 MEIX 5 7 iR fEl(subiculum) AR FR IS K s (H A FEES I 25
H I e iR B] (dentate gyrus) BAACAS I B FRARFRNE K o IX RS PRIFZR ) h & A& FEAE S A
FN5 RS ZNAT SR AL TN 2 R R, AT 5 E0E SRR — P3G K. A EIRIE T2 0 5 A 5
W FCERE A T SRR I 25 T T 5 250 1 22 O rh Yy 1 [ 45 45 figi 55 ¥ 5 [=] (parahippocampal) (Miiller et al.,
2017) LA A1 B2 J2 (cingulate) Zc MUBE shAHBIX . A2 A& p 1 =1 (medial frontal). 77 fidi &5 - (insula)« /¢
Ji 5 [ (superiortemporal) . PA K 72 fin HH 94 J [ (posteentral) 2¢ 57 /4R i (5. 25 48 Jinl(Rehfeld et al., 2018).
M HJG — BT I SR, SRR I8 T BRm PE) 5l &, . FINGALL, 2l Bk
(corpus callosum)3 KB N 3 . (EEAER IS, X =T 500 325 FE LR ER 2 IF R 58 5 1 f e 2
SEN, FIRIRCRAR AT BT R G ph 2 2 SUBAT AR WAL B ¥, 5 ARSTATIHE AT D 4B
Bt e I B ER I A AN, AR AE A IRI S 0 1E

FEAT X 54 (A 2 AT BRI 50 5 THT,  Hanggi 25(2010)%F 10 A BNV e 75 53 A1 10 44980 252 5 S i
PSR xH IR REAT LU, S5 R BRI H ISR X . IBEIHBIIX . FotZ K5 LR i A Bl o A 52 1 A0
R ERT A X — R HZ AT E sl 255 808 50 X R 5 258 i & AR 7 J& (Jancke et al.,
2009). FHJEM— T L EEBE S . = RS TOAH SN ZR A0 5ot HE AL RO AITF 72 i BRI 19 4EL PR 5 L [ s 3 1) P
B3 KT R4 (Karpati et al., 2017) Jt & Meier 25 (115 71(2016) SR BV 153 #5:4 5 FERE ) A MILL,
HIHIZF X0 BB R AR E S T E#E, X3RN E 623 77 X S 800 i 2 n] B0 0% .
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Karpati 2%(2018) X % FH 45 ¥4 10 J7 2 (Structural covariance, SC)ZM#iitl b 52 SRR, K INEE 5 1) 72
T MU AT K2 5 (Dorsolateral prefrontal cortex, DLPFC) ) 52 it J5 5 55 4 i~ 35) Bz Joit J5 P AH O B2 ARG T %t
HREH, 1T FLAZAH ¢ B BRAR (1) A A TE 5 BE AT R AT 55 Hh IR RGBSR HR s 12 DX 3 2 0 52 B (1 e 3 v
RE A PEIR I SR8 R R p 48 m] BB M SR

Ak, Nigmatullina 25 (2015) % X 10785 58 2 0 e i (0 3& B AT IR 9T, RIS 0 AL RIS FAELE,
PEZAEL 920 1 RN A e 2 J5, OB RESHHR S 5 (Vestibular-ocular reflex, VOR) LA % 2 AT
FRERif ISR R, T H R R (TN A AT VOR J S FHZ 2 SR 4 [0 KB 24) . VBM % BoR
5 I AU JE /N i (vestibular cerebellum) 2 i 2 FEAR T X B AH, Ty HL 82 98 K ik 2R e 4% (pirouette) (1) 8 3, 1
IR0 FE UG o B T RN R SR R TR RSk BT SRk S S e i i IR R R AN, &
SER R SRR L FR 2 A 2 RGUE HUE MR, #0HISRk H W H-P 832 28 1015 5

Bar %5(2016) LA LV B8 8 A2k, S HS S —BOfigm s, JFonl THZ 4 k. 9 Ik, &G
BIHUGEE] 16 15 36 2 JGdAT R IMRI A8, S— U A S8 . =k, TR 2 IR [R] 18] B 2
A LR, 7 AN 34 FH. AE fMRI R B I R BRI B B 2R R DL B AR R B A . 2
R HB BB X 50 R R AR TR SN TERT 7 JE 2 P B G B ST VR NI Y, (HL 3] 34 JE IR B R
JRIX SR I IE B AN LSS 7 G BT FRAR . (RIX IR FR IR -8 BT 55 His /b T 6 X 48 57 Joit X 1)
F, 2 RS X R X ) 22 TG B 2 A 2 2D TR NI AR5 A 0%, HOpL vl RE 2 40 AR AL R 945 5
2 B (chunk) (Sakai et al., 2003).

B 7 AN 6] XSO 5 (P T S v 53R, JFLTRD 14 1 0 AR o 4 5 B A K Th e 4 3% 2 (Functional - Connectivity,
FC) 2> b SRR I 25 A 2B 38 M 203 o R o -6 I 19 (R B 7R BRI I A 5 3R R R AR, DR i)
FRREES. 128 DLESIEER(Nambu, 2004). Li 25(2015) % BIAHE Lol 58 2 DL S AR 83 X RR 2 AT
THREUREAL, RIRAE R R TRl H S RSN 5E A (4 7 S SIS [l B e, B S R R
WOEFEE R, I HAEH 15 [F] (middle cingulate) 5 XU FeA% 2 (8], DL R H s iy [8] 5 A g fi5 (e ) 52 300 H 52
eI Thaet i+ .

T PR SR EE I G SR IZ B B 3 i X Le A 28 ] M U 2 (] PR DG ER,  Burzynska 4%
(2017) VAR 22 B i Lol 2 AR A 2 DU o0 R ZH 52, 0 9k 7k & s f% (Diffusion Tensor Imaging,
DTI), VBM, ZFIRESOMFAESRE T IMRI, AKIRE 11T, LLA Dance Central FEFBLIERK LA K7
e ST RSS2 POy LA T LR, AR 8535 F Dance Central Wik CAKCF-#AT 5 HiEH, {HEEL N
RESITTHAR R ZES, AN R ZHEBBERE ZR, HREETEEMEMLs, LLESIES: M FThhE
PEER T 2SR . AEF VNSRRI GG i T SR8 AR SRR 2 DR T AR B, T HLIX e
#5 DTI BT £ D REMEE 3 R AH G

4. #hig

PR O T B IR E MALGE . W AREESE 2 A IR R IR RPN A&, A RS
TR BV ERAL, FESIFI R R R P AW 8 B 52518 JRPE. 2835 SR HEh T RINE 4% &
B, ANIMEIEA Qe 255, 73— B iRt e b Bob Kah (A B =J5 1 . 3l
EMLEE, Bah0 g BLREERAT . SIEWEEM L. B 3).018 75 TH i) D Re 1 fg L3R LA i v BT 90 45
RERPIHE W LR, BSIERIT s M L g a rE . KWLk SRR I 25
FEFR TR 1 S AR E 20 RN 5 R 1 AR R R #h 22 al B e, il AN [F)IE 3l IX 2 T B8 i 28 1 Dy e
PEIERE s Ak VI 25008 R 52 5 ) T o 00 T JRE /0N 0 B2 o o P PRI, S5 5% . 88 i T g sh e
JRB, DhREPERT AR 0T IT b BT B 1A 5548 2045 T 24 J5 — B 18] A AR AN B R T PR B UR A R 2K
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BT UL

&5k

Adams, D., Ashford, K. J., & Jackson, R. C. (2014). Priming to Promote Fluent Motor Skill Execution: Exploring Attention-
al Demands. Journal of Sport & Exercise Psychology, 36, 366-374. https://doi.org/10.1123/jsep.2013-0085

Amoruso, L., Sedefio, L., Huepe, D., Tomio, A., Kamienkowski, J., & Hurtado, E. (2014). Time to Tango: Expertise and
Contextual Anticipation during Action Observation. Neurolmage, 98, 366-385.
https://doi.org/10.1016/j.neuroimage.2014.05.005

Bar, R. J., & DeSouza, J. F. X. (2016). Tracking Plasticity: Effects of Long-Term Rehearsal in Expert Dancers Encoding
Music to Movement. PLoS ONE, 11, e0147731. https://doi.org/10.1371/journal.pone.0147731

Blaser, P., & Hoékelmann, A. (2009). Mental Reproduction of a Dance Choreography and Its Effects on Physiological Fati-
gue in Dancers. Journal of Human Sport and Exercise, 4, 129-141. https://doi.org/10.4100/jhse.2009.42.06

Brown, S., Martinez, M. J., & Parsons, L. M. (2006). The Neural Basis of Human Dance. Cerebral Cortex, 16, 1157-1167.
https://doi.org/10.1093/cercor/bhj057

Buccino, G., Binkofski, F., Fink, G. R., Fadiga, L., Fogassi, L., Gallese, V., Seitz, R. J., Zilles, K., Rizzolatti, G., & Freund,
H. J. (2001). Action Observation Activates Premotor and Parietal areas in a Somatotopic Manner: An fMRI Study. Euro-
pean Journal of Neuroscience, 13, 400-404. https://doi.org/10.1046/j.1460-9568.2001.01385.x

Buccino, G., Lui, F., Canessa, N., Patteri, I., Lagravinese, G., Benuzzi, F., Porro, C. A., & Rizzolatti, G. (2004). Neural Cir-
cuits Involved in the Recognition of Actions Performed by Non-Conspecifics: An FMRI Study. Journal of Cognitive
Neuroscience, 16, 114-126. https://doi.org/10.1162/089892904322755601

Burzynska, A. Z., Finc, K., Taylor, B. K., Knecht, A. M., & Kramer, A. F. (2017). The Dancing Brain: Structural and Func-
tional Signatures of Expert Dance Training. Frontier in Human Neuroscience, 11, 566.
https://doi.org/10.3389/fnhum.2017.00566

Calvo-Merino, B., Glaser, D. E., Grezes, J., Passingham, R. E., & Haggard, P. (2005). Action Observation and Acquired
Motor Skills: An fMRI Study with Expert Dancers. Cerebral Cortex, 15, 1243-1249.
https://doi.org/10.1093/cercor/bhi007

Calvo-Merino, B., Grézes, J., Glaser, D. E., Passingham, R. E., & Haggard, P. (2006). Seeing or Doing? Influence of Visual
and Motor Familiarity in Action Observation. Current Biology, 16, 1905-1910. https://doi.org/10.1016/j.cub.2006.07.065
Cross, E. S., de C Hamilton, A. F., & Grafton, S. T. (2006). Building a Motor Simulation de Novo: Observation of Dance by

Dancers. Neurolmage, 31, 1257-1267. https://doi.org/10.1016/j.neuroimage.2006.01.033
Cross, E. S., Kraemer, D. J. M., de C Hamilton, A. F., Kelley, W. M., & Grafton, S. T. (2009). Sensitivity of the Action Ob-

servation Network to Physical and Observational Learning. Cerebral Cortex, 19, 315-326.
https://doi.org/10.1093/cercor/bhn083

Cruz-Garza, J. G., Hernandez, Z. R., Nepaul, S., Bradley, K. K., & Contreras-Vidal, J. L. (2014). Neural Decoding of Ex-
pressive Human Movement from Scalp Electroencephalography (EEG). Frontier in Human Neuroscience, 8, 188.
https://doi.org/10.3389/fnhum.2014.00188

Fink, A., Graif, B., & Neubauer, A. C. (2009). Brain Correlates Underlying Creative Thinking: EEG Alpha Activity in Pro-
fessional vs. Novice Dancers. Neurolmage, 46, 854-862. https://doi.org/10.1016/j.neuroimage.2009.02.036

Golomer, E., Bouillette, A., Mertz, C., & Keller, J. (2008). Effects of Mental Imagery Styles on Shoulder and Hip Rotations
during Preparation of Pirouettes. Journal of Motor Behavior, 40, 281-290. https://doi.org/10.3200/JMBR.40.4.281-290

Hénggi, J., Koeneke, S., Bezzola, L., & Jancke, L. (2010). Structural Neuroplasticity in the Sensorimotor Network of Profes-
sional Female Ballet Dancers. Human Brain Mapping, 31, 1196-1206. https://doi.org/10.1002/hbm.20928

Jancke, L., Koeneke, S., Hoppe, A., Rominger, C., & Hanggi, J. (2009). The Architecture of the Golfer’s Brain. PLoS ONE,
4, e4785. https://doi.org/10.1371/journal.pone.0004785

Jeannerod, M. (2004). Actions from Within. International Journal of Sport and Exercise Psychology, 2, 376-402.
https://doi.org/10.1080/1612197X.2004.9671752

Karpati, F. J., Giacosa, C., Foster, N. E. V., Penhune, V. B., & Hyde, K. L. (2017). Dance and Music Share Gray Matter
Structural Correlates. Brain Research, 1657, 62-73. https://doi.org/10.1016/j.brainres.2016.11.029

Karpati, F. J., Giacosa, C., Foster, N. E. V., Penhune, V. B., & Hyde, K. L. (2018). Structural Covariance Analysis Reveals
Differences between Dancers and Untrained Controls. Frontier in Human Neuroscience, 12, 373.
https://doi.org/10.3389/fnhum.2018.00373

DOI: 10.12677/ap.2021.113081 719 (LA


https://doi.org/10.12677/ap.2021.113081
https://doi.org/10.1123/jsep.2013-0085
https://doi.org/10.1016/j.neuroimage.2014.05.005
https://doi.org/10.1371/journal.pone.0147731
https://doi.org/10.4100/jhse.2009.42.06
https://doi.org/10.1093/cercor/bhj057
https://doi.org/10.1046/j.1460-9568.2001.01385.x
https://doi.org/10.1162/089892904322755601
https://doi.org/10.3389/fnhum.2017.00566
https://doi.org/10.1093/cercor/bhi007
https://doi.org/10.1016/j.cub.2006.07.065
https://doi.org/10.1016/j.neuroimage.2006.01.033
https://doi.org/10.1093/cercor/bhn083
https://doi.org/10.3389/fnhum.2014.00188
https://doi.org/10.1016/j.neuroimage.2009.02.036
https://doi.org/10.3200/JMBR.40.4.281-290
https://doi.org/10.1002/hbm.20928
https://doi.org/10.1371/journal.pone.0004785
https://doi.org/10.1080/1612197X.2004.9671752
https://doi.org/10.1016/j.brainres.2016.11.029
https://doi.org/10.3389/fnhum.2018.00373

i

Kraeutner, S., Gionfriddo, A., Bardouille, T., & Boe, S. (2014). Motor Imagery-Based Brain Activity Parallels That of Motor
Execution: Evidence from Magnetic Source Imaging of Cortical Oscillations. Brain Research, 1588, 81-91.
https://doi.org/10.1016/j.brainres.2014.09.001

Krasnow, D. (1997). C-1 Training: The Merger of Conditioning and Imagery as an Alternative Training Methodology for
Dance. Medical Problems of Performing Artists, 12, 3-8.

Li, G., He, H., Huang, M., Zhang, X., Lu, J., Lai, Y. et al. (2015). Identifying Enhanced Cortico-Basal Ganglia Loops Asso-
ciated with Prolonged Dance Training. Scientific Reports, 5, Article No. 10271. https://doi.org/10.1038/srep10271

Lotze, M., Montoya, P., Erb, M., Hillsmann, E., Flor, E., Klose, U., Birbaumer, N., & Grodd, W. (1999). Activation of Cor-
tical and Cerebellar Motor Areas during Executed and Imagined Hand Movements: An fMRI Study. Journal of Cognitive
Neuroscience, 11, 491-501. https://doi.org/10.1162/089892999563553

Macuga, K. L., & Frey, S. H. (2012). Neural Representations Involved in Observed, Imagined, and Imitated Actions Are
Dissociable and Hierarchically Organized. Neurolmage, 59, 2798-2807. https://doi.org/10.1016/j.neuroimage.2011.09.083

Meier, J., Topka, M. S., & Hénggi, J. (2016). Differences in Cortical Representation and Structural Connectivity of Hands
and Feet between Professional Handball Players and Ballet Dancers. Neural Plasticity, 2016, Article ID: 6817397.
https://doi.org/10.1155/2016/6817397

Maller, P., Rehfeld, K., Schmicker, M., Hokelmann, A., Dordevic, M., Lessmann, V., Brigadski, T., & Kaufmann, J. (2017).
Evolution of Neuroplasticity in Response to Physical Activity in Old Age: The Case of Dancing. Frontiers in Aging Neu-
roscience, 9, 56. https://doi.org/10.3389/fnagi.2017.00056

Nambu, A. (2004). A New Dynamic Model of the Cortico-Basal Ganglia Loop. Progress in Brain Research, 143, 461-466.
https://doi.org/10.1016/S0079-6123(03)43043-4

Newell, K. (1991). Motor Skill Acquisition. Annual Review of Psychology, 42, 213-237.
https://doi.org/10.1146/annurev.ps.42.020191.001241

Nigmatullina, Y., Hellyer, P. J., Parashkev Nachev, P., Sharp, D. J., & Seemungal, B. M. (2015). The Neuroanatomical Cor-
relates of Training-Related Perceptuo-Reflex Uncoupling in Dancers. Cerebral Cortex, 25, 554-562.
https://doi.org/10.1093/cercor/bht266

Ono, Y., Nomoto, Y., & Tanaka, S. (2014). Frontotemporal Oxyhemoglobin Dynamics Predict Performance Accuracy of
Dance Simulation Gameplay: Temporal Characteristics of Top-Down and Bottom-Up Cortical Activities. Neurolmage, 85,
461-470. https://doi.org/10.1016/].neuroimage.2013.05.071

Orgs, G., Dombrowski, J. H., Heil, M., & Osmann, P. J. (2008). Expertise in Dance Modulates Alpha/Beta Event-Related
Desynchronization during Action Observation. European Journal of Neuroscience, 27, 3380-3384.
https://doi.org/10.1111/j.1460-9568.2008.06271.x

Overby, L. Y., & Dunn, J. (2011). The History and Research of Dance Imagery: Implications for Teachers. The IADMS Bul-
letin for Teachers, 3, 9-11.

Rehfeld, K., Eders, A., Ekelmann, A., Lessmann, V., Kaufmann, J., Brigadski, T., & Mdller, N. (2018). Dance Training Is
Superior to Repetitive Physical Exercise in Inducing Brain Plasticity in the Elderly. PLoS ONE, 13, e0196636.
https://doi.org/10.1371/journal.pone.0196636

Rehfeld, K., Mdller, P., Aye, N., Schmicker, M., Dordevic, M., Kaufmann, J., Hokelmann, A., & Miiller, N. G. (2017).
Dancing or Fitness Sport? The Effects of Two Training Programs on Hippocampal Plasticity and Balance Abilities in
Healthy Seniors. Frontiers in Human Science, 11, 305. https://doi.org/10.3389/fnhum.2017.00305

Rizzolatti, G., & Craighero, L. (2004). The Mirror-Neuron System. Annual Review Neuroscience, 27, 169-192.
https://doi.org/10.1146/annurev.neuro.27.070203.144230

Sakai, K., Kitaguchi, K., & Hikosaka, O. (2003). Chunking during Human Visuomotor Sequence Learning. Experimental
Brain Research, 152, 229-242. https://doi.org/10.1007/s00221-003-1548-8

Tachibana, A., Noah, A. J., & Bronner, S. (2011). Parietal and Temporal Activity during a Multimodal Dance Video Game:
An fNIRS Study. Neuroscience Letter, 503, 125-130. https://doi.org/10.1016/j.neulet.2011.08.023

Tai, Y. F., Scherfler, C., Brooks, D. J., Sawamoto, N., & Castiello, U. (2004). The Human Premotor Cortex Is “Mirror” Only
for Biological Actions. Current Biology, 14, 117-120. https://doi.org/10.1016/j.cub.2004.01.005

DOI: 10.12677/ap.2021.113081 720 (LA


https://doi.org/10.12677/ap.2021.113081
https://doi.org/10.1016/j.brainres.2014.09.001
https://doi.org/10.1038/srep10271
https://doi.org/10.1162/089892999563553
https://doi.org/10.1016/j.neuroimage.2011.09.083
https://doi.org/10.1155/2016/6817397
https://doi.org/10.3389/fnagi.2017.00056
https://doi.org/10.1016/S0079-6123(03)43043-4
https://doi.org/10.1146/annurev.ps.42.020191.001241
https://doi.org/10.1093/cercor/bht266
https://doi.org/10.1016/j.neuroimage.2013.05.071
https://doi.org/10.1111/j.1460-9568.2008.06271.x
https://doi.org/10.1371/journal.pone.0196636
https://doi.org/10.3389/fnhum.2017.00305
https://doi.org/10.1146/annurev.neuro.27.070203.144230
https://doi.org/10.1007/s00221-003-1548-8
https://doi.org/10.1016/j.neulet.2011.08.023
https://doi.org/10.1016/j.cub.2004.01.005

	舞蹈训练中与动作学习关联的神经结构
	摘  要
	关键词
	Neural Structures Associated with Movement Learning in Dance Training
	Abstract
	Keywords
	1. 引言
	2. 舞蹈动作学习涉及的皮质活动
	2.1. 观看舞蹈动作
	2.2. 运动心像(Motor Imagery)
	2.3. 实际的舞蹈动作

	3. 舞蹈训练相关的神经可塑性改变
	4. 结论
	参考文献

