DHEAR 2020, Vol. 52, No. 2, 173-183
Acta Psychologica Sinica

DOI: 10.3724/SP.J.1041.2020.00173

FEIKB N EE R F R
KEG7R A0 B R &5+

aFEY? #ER "

'E]:'

e 1,2

FE & BV

(CEBETASCH SR ST K A R 22 O B S AT O IR B 2 ST 2R O B AR, K 300387)
CREHFE— PO ERR, K 300192)

wmE

VITEREFE R B, Rz 3l BRI SE I X RO S5 AR A TRz sl 01, EG BB DX 2 i 22 S Je DI 2R T 5

SRR AL AR T RN, FARN M AR A BT, LU T R A 0 ARz 3 5O #k(23~27
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(Abreu et al., 2012; Bishop, Wright, Jackson, &
Abernethy, 2013; Gaser & Schlaug, 2003; Gong et al.,
2016, 2017; Luo et al., 2012; Park, Lee, Kwon, Lee,
& Rhyu, 2015; Wang et al., 2013; Zhang et al., 2013),

XF N AT 3z Sl | R T 28 1 e i A
SER, XMERANFHAT 3 A H #9244 %Y Zk (Draganski
et al., 2004) . 5fiiillZk(Baeck et al., 2012)a F-1ir |
25 (Rogge, Roder, Zech, & Hotting, 2018)HEME A
RN IREE BT AE . U0 Rogge 55 A (2018)%f A
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A b, PG AN %G FiaRe hitm, BHS
PGE . HITRE AN TR A2 20 0D A 5 1 i DX Can 40 v 3
AN W8~ =ik 8 =Nl ok | e a3 ]
8] 25 i DX ) ) e 2 SR BE R I, e AR R, xR
W AR T 1 32 Bl 28 10 2 e N Bl T B, (HE,
238 Bl 02 75 i A8 B8N i 235 48 AT SR AT A AN
B

SR, XF 42808 3 BB [n WF ST 45 R4 7, 4112k
iz ) AT RE E A AL A G S A S g . AN R AT
W B, PIEIKIZ 3l 51 1Y/ AFAT B 1 (amplitude
of low-frequency fluctuation, ALFF) X F#F, &£ L
Tt ALFF /N80T, 7 BT At FC KT8
F(Di et al., 2012), HLAEFRAFSE & A LE P B ER
FEERUAIT, P EIKIZ 3 R 9 C1 BT (BN
ST WA K T2 7 35 B0 B 3 K TR s
B Jin et al., 2010), HULFH AR S SRIFE, P
EEkiz gl B & B9 L N2 AR/ FAEE B
B (FE 2 I R A AT B 3k Y f AR AR SR T A e [l )
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(Hulsdunker, Struder, & Mierau, 2017), {L:5 &36E
W5 & BAEAL e AT 55 0, PE Rz 3h A UE
WA TRz gh i, HaBd mEE A i TR iE 3
(Wright, Bishop, Jackson, & Abernethy, 2011),

TELEHGTT T, Di 45 N(2012) % BM B Bkiz 3 51
AR/ IR B8 JE R TR T o TR B . K&, SR
FITEIR(2015) % I P E K2 Bh L 32 AE A7 I e iy
] 11 ) 7 1l ] I 1 W A Ny o S
DA i K BUARFRR THEE 3 5 . TR AR AE A
(2014) Lh 8 T @5 BRiz 2 SRR 12 3l 51 A i BT 22
A& IE BK Az 3l D3R ] A% ) S 1 43 £ (fractional
anisotropy, FA) . & K FIEiz ) 61 .

fHE, FIRATTE AR BT, H K S X 3
RE B 25 18 1Y 22 S J2 U 2R 22 I 5 A 38 2 R A A [W)
FE, WMo, H, AR R BN
) T T B AR A T —E IR, EAAE
iz Bl S 5 RE S BN 235 4 1) T B AP ATS SR AN
W

FOFET 120 78 KRBT K B, 126
BRG G MRS R E IS, X AE kG
PRAERR | ek b 5 b B B s 1 AR XU AR H A S
(Chekroud et al., 2018). TP EERiz &2 E A
MGH B iz sz —, PEERE S A 5] 2 {20
B, AR TR N OB CL SR, 2015, XK =,
2018); Hk, MHXFHEMKIZE), PEKizh*T
it . AR BEOR BB R R BUEOR AR, AT IEEL
58 o PRI DL B BRIE 8l R BR D A 1 P iz sh &
JI3 6T FC NG 7T S8 e 1 5 e B A 1 ol 1 L Ay
TSR A 283800

TEM, ABFSE B TE L B RIS 3 0175 42 s i)
2812 Shilll e A5 mT LA AR S0 ) R IR 45 44
ET RIS, TN KRB E R G s, T i
STER AR N 9V o7 el R e 11 5 '€ S (T e i T FUIRS
A BB 3 ORI I T 232 3G in o A R A5 3 TSR Y S
AR, HAMETTREME T RO ERY AT R, A
Ok B 12 J8, —Reairss k3
12 RN ZRAE 51 K I hAH G i XA 25 44 722 Ak (n
Draganski et al., 2004; Rogge et al., 2018), & 12
Jei] ) B A AT D e K BIR R bk B PR T 2 A A ) 5
T AT RE 7 A Y B S 5 8 AR B S I 7% 25 B 42,
W HN T W0 R AT WESE LTS g & ]
PR R A e, BEAIL I S g A AR HR A, 5
eHHE T 12 AR B ERIE sl gk, X IR 7R i 0
A PEATAE AR IR T iB 30, PRFRIEA A5

T, SRAE T LSR5 T A #0945 AR AR ok
1w i f% (diffusion tensor imaging, DTN ¥ . i FHIE
22 & (voxel-based morphometry, VBM)#F1J%E T
1B BE Y25 (8] 5t 1 (tract-based spatial statistics, TBSS)
J7 143 M 7% 82 3P B ¥R s B 48 D5 5 | A 14 ki R 5 1R AR
FEBL4E FA 197284k, MRiE FR5E, Eshbin
IRIFARFRE AT FA ¥R TRz ah i, AR :
SCE AP EERUNSR S, WK BARFURI I T FA 233
e TP EBRE S EREE X E 4 sh S AE B
NI Zk(Hulsdunker et al., 2017), Kk, PEBKiz
SHAR ] G AL iz B R0 A O 0 il X & A= 2540 78
Ao At I ] E B 0 TR G B ik X
1M H. 2P B 35Kz 3l 1 i3 PR A4 i X 2 RE I 25 A [
FHEiz3) 5 (Jin et al., 2010; Hulsdunker et al., 2017;
Wright et al., 2011), AL, BF5E KBz 3015 S 09 Ak
LI RE R 98 M 0 A5 A0 1 Fifi o i 45 44 19 25 1k (Wei & Luo,
2010; Wei, Luo, & Li, 2009; Wei, Zhang, Jiang, &
Luo, 2011), #a1tt, FRATERBE : SCg P EBIKIING)E,
S48 e A AR AR B i DX AT B A T A A ]

2 ik
2.1 #ik

44 FZRFAEAEEES NS, KL B
H, TEH: WA 22 4, Kb 1 A80Am T H SR
KR RES NI, Al 21 B4 9 4,
L1245, YRR N 24.48 £ 1.17 %, (5 23 %
~27 %), MR A 22 4, Hb 4 g9k fES
I, FAABEL 18 % (B A T4, W11 4,
A Y 24.06 £ 0.73 %, L 23 £ ~26 %),

P B 2o el AR (p > 0.05). ZHE
PEEAHILHL, TR EER . IAHOREZ T &INE
I 5E J 429 0 43 F - (Oldfield, 1971), 71K sUsF
IEIEH HAREH @55, el S ik aeRE,
PN I ONEZTE 7/ @ ST SN L G 2y 5 4
FWEL, A g B R 5 B &l sl 42
IR st B Ml A ] R4 T BRS04 2l i) 2T 457,
WA ML AR B T BRI 5 LR 25 BT A 9k
PIESRAi &S T CERES) |, JFESmE R
Jo ARAF— R M, A FE 3 A K s L
TR BEAR I ZE 51 2 . REET A — PO BB (e 28

7= v
2.2 FIEIT
K 2x2 WS4 . X BRAL R e st Hod
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/a2l N s &, AL 3 A di
W SPIRERYINZR S5 00 IR I 7 —AE, 38
FRGZER AR . RA LA S INES: 12 WP E
BRUNGR, XF BRAAE M0 AN AT AT AT A AR R
iz3,
2.3 FEIKIILR

PIB BRI AE R R =R 1 0 P B sk 2
24T, FEARWFGE R, PIEBRIIZR A T T ] A 4 J
3WUA—. = AT, IR 1N, EZE 12 A
BRI BRI ZRdE 3 5y, BARLHT
S—ERay, NPT ER . PR ERE IR T
TR TR I 1 SR B BRI s s RN, & ER L R
BRI BE (AN, AR X T A Bl AR T 3K 2
HR A8 X T AEr i, 3k ity 3 2k g 8 2 37,
AR EUE F ) X — 05 KRR 10 4380 5
ZERAY, SR BAN—H, G — IR Bh
YEBCHCRE, TR, 2 I E A i s/ Fn
L WMARIERK, S AT, X— KRy
FRgk 30 734, 55 =7K45r, BAHAITER. WA—ZH1T
PIEBR, X —FB RAFEEE 20 704, TEdm—
Wizghrh, BITHLGUNAZE, WA—4H, #7547
3
2.4 B

JIT A B R T A — RO BEBE P ]
3.0T MEILARE ARG HATHER . T1 ISR H
6 BE [81387 - 9] (gradient recalled echo sequence, GRE)
A, FARSENT . TR = 1900 ms, TE = 2.52 ms,
S0 9°, FOV = 240 mm x 256 mm, AR FE
M 240 x 256, FHEZE176 )2, BUZ 5 mMA 222,
LA, 2 1 mm, [EFF 0.5 mm, KX =1 mm x
I mm x 1 mm, BN FEHEETE R 4 43 10 7,

DTI fF- Ifi [71 3 8447 5l (echo-planar imaging
sequence, EPD)3RTS, FFISEUW T . TR = 4200 ms,
TE = 0.4 ms, ¥ 25 90°, FOV =230 x 230, {4
R =128 x 128, HER = 32, BUZRTrm b T
F b, EFREE, ERE, 2R = 4 mm, B =
0.4 mm, A& =1.8 mm x 1.8 mm x 4 mm, ¥ HBH
JE A% 7 1] 64 4, By = 0 mm*/s, B,= 1000 mm?/s,
FARE 4 5 47 7
2.5 VBM 9#f

ZER SR AL FEYE LT MATLAB R2013a (www.
mathworks.com/trademarks)) CAT12.5 (http:/www.
neuro.uni-jena.de) P 5E i, FALFRZHY, Bk TI
SRR EE A 8 TINF #&=C 50, SR8 )51 5 44 1k

T2 Y T BT [R] G845 F9 {5 1 inverse-consistent
realignment JC #ff 2| V- ¥ % b fif 240 U4 R K]
(tissue probability maps, TPM ¥4 %5 24 #1117 4115
SrRUSUR BT . H BT AR, 8 ] DARTEL J7
IR B ZS AR AELL, W ARHEAL S50 H 31 55 45
Y B I ] S 25 R R b, 15 34 48 o A g
() 3 B BR AL B B 5T 3 B, SRS 2 TR R
FRUEAL B R ot B R IS 8 0 o 40 ) g 4
8 mm x 8 mm x 8mm MY %5 A1, T3 T kRS
TH5#r .

£ spml12 (http://www.fil.ion.ucl.ac.uk/spm/)
AT AP GE 4 A, HE5  4K B (intracranial
volume, ICV)II A BN ERE, #4172 x 2 R &7 2
AT, ARG R AR i, I R A
KOV SCHIR R IR E FWE (family wise
error rate, FWE)HF 1L )5 p < 0.05, k> 50 (Everts et al.,
2009) . K532 HAE FH Sk 2 A M DX 0 5T (A BRI B B
ok, 1 SPSS 22.0 HEEAT )5 AT (RVECXTREA ¢
i 56) o
2.6 TBSS o4

R EAR B DTI B Fe 4l =46 19 FSL 4%
RS, BIELRT T1 Bdsie el NIFTI Ay
e, SRIGAE FSL v5.0 T.H U (https:/fsl.fmrib.
ox.ac.uk/fsl/)yF 47 DTI Z 4 AL B, 2554045 .
WS IE, HIRE AR BUE RAE LR, hkshf
Wi TR R EBRIE AR, #3k K, KBRSk B SR i 2H
AIgER, BEE N 0.2; FIRgEE, TH 1 FA.
L1, L2, L3 48t5. fw/n B MPLI A ittt TBSS
B, P BRA . il A “tbss_1_preproc_*.
nil.gz” iy 2 LRI AR FA TR e, il
H“tbss 2 reg —T %, BEABIAA FA EHEL
HEECHERIARHERT FA Bitlk FMRIB58_FA_Imm 1,
i H “tbss_3_postreg —S 4, A B A 9 i 197
¥ FA FEIRIEY) FA 8522, {fiF“tbss 4 prestat 0.2”
s, R FA B2 mask, IR A
mask B B A MRS 1], AL A
B—1> FA H48,

W T B FA 52878 FSL v5.0 BLE T 2x2
HE Ty 220 M HAES G b, AT B A
B 5000 W, WK FBCE S I IR A AT B0 o
(Threshold-free cluster enhancement, TFCE)7/K-F%F
1E p<0.05. St R KB E 3] JHU ICBM-DTI-
81 H BTt KA il 25 258 HAE I FA (EH2HUT R,
£ SPSS 22.0 AT H R /T (M ECHAEA ¢ K2 5)
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2.7 ROI 4#f

FA BT 7K 53 16 1 B 2F 4E il 1) Fn AR ) 4
B LB o T i — 20 B 3 B FA B4 I L, 8
TBSS Z5R b s AR R E DY FA X5 0 Bl X AE
JEHER[X (regions of interest, ROIs), #EHU%EE4~ ROI
Rl 1) 9 B R B (axial diffusivity, AD)FIAR[EY
Z % (radial diffusivity, RD), #XJ57E SPSS 22.0 H1 %}
AD F1 RD #4780 57 22534 .

3 4%

PR A BF 5% = 2 G 3 A 0 R N 3 e (1] ) 28 B AR
1, BT B0 &5 & T g r A4k, B
e 522 HAEFHZE R
3.1 IRRIKFRER

0 R s 1) 52 B T I B R X s e
DN A /Ly = T R CI VAN ES T D P 3 e i e
WoR, LA INGRSG, b XA 0 o R AR e
HmM(ps < 0.001); XF BRZ A8 F 1|1, A2 NRLAERT S
T 25 2% S (ps > 0.05), 23 b [ K AR AR [
(p<0.001), WLIE 2, & 1, bAh, K wiH vl mr
Ay L 3R 1 DX P I B AR R A T ST AR AR ¢ K, 2
IR, PP A i X e RN 8 G 25 25 S
(ps > 0.05), Z& FALM:-: t(37) = 1.33, p = 0.191 >
0.05, ZE3F . t(37)=1.91, p=0.065>0.05, 7¢
WirRE . t(37)=0.91, p=0.369 > 0.05,
32 HR&ER

0 R s ) A2 A D A O i X R
WREJF B XU ERCH LA 3). KX 4 X
1) FA(S S EARBCH K, 78 SPSS Hitk i 735 5 K 5 43
Br, G5B BN, LGS FRIKIX K FA 45
FHEN(ps < 0.05), XFHRLL FaREK X A FA % F %

(ps < 0.05), W32,

FA H§INATRE & AD /0. RD W/, BPIRhES
B, N T #E—UEN] FA BRI, IR E AR
WE G IX A ROIs, 43 MrHE1~ ROI Y AD 1 RD )
b, 2L 4 A4~ ROIs: ZEWNTEFH . A NFEIE L.
e BcH e . A BcEE . 25 ROR, 78 AD Jr,
4 /> ROIs Mz BHAE AN B3 (ps > 0.05), 7E RD
D7 AL, RN P 8 5 (22 F (1, 37) = 19.13, p < 0.001,
W=034; 47: F(1,37)=29.01, p<0.001, 1’ = 0.44).
MU F s (22 F (1, 37) = 15.68, p< 0.001, n*=
0.30; £: F (1, 37)=34.70, p< 0.001, n*= 0.48)%¢
HAEF R . RS oK, LA,
XU A B J5 i . A B e 1 35 R R T (ps < 0.01),
2 B e IS TG i 2 2% S (p > 0.05); X HRAH S
U4 SSLA) PR 8 5 P . SOl B e B S 4 T (ps <
0.01), WKl 4, %3,

4 e

ARG 58 T P E BRI B0 A 401 1k 45 44
ALYAVERYSZ R, K BAARRR T T, 45 R R SE g )|
i Ja A2 Aot B ] 8T DR AR AR ;i
Xof HE A0 v [ T R R/, 2 BH P B Bkaz gl n 1
TR 5 A2 Bl 08 i T AT I X K R 2 .
JEJT T, SR ALY SRS S N 2 S . i e R
Pk RD FIESER FA S0, 11 % B8 2H 53 26 fig [X.
FH N RD #hNSIER FA T, R EERIES)
AIREIG N T RN 4T 4E B A S5

5% B A2 50 20 U 25 5 22 A it o {4 R 4
IR S HRA MR — 8 PR 28U ML 2
B —EB4y, EATHFSE(Hu et al., 2018)3 IS /ML HE
B2 A gm iz S5 B B 48 5T (O 10 £ 0 22 00),

Fl 1 a2 EAR W B K B AR AR X
¥ ZEH MNIZS [ R R EL, B e ek, o7k, A A2 PR (x=-33,y=-78, z= -6, k= 111, F = 60.50, prws <
0.001), B: £ F [al(x = —44, y = =50, z= -9, k=127, F = 56.18, prws = 0.001), C: Z#irfEl(x=-51,y=-39,z=8,k=79, F=51.08,
Prwe = 0.002),
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035} = SR TR
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% 030 - /‘ vvvvv ot HE £
K ST ]
025} ://=
0.20

E’ﬁ?ﬁlﬂ E%')lﬂ
B2 IRV

XA 2T RE S AR R U, XA EE -1 5
SrETPREIEN . AT AR, TEREHLA
Measrp, P Bkiz 3 b A % BT ME s FI W RE g 0
FARIZ ) L FLIRIE 4§, 2012), TR B AR R
Al BE -5 2P B BRi2 Bl # S A A 1 3 1 A B
BB B T W A T8 B B A e o 7R BBk

iz, XFREES RATRHBER AR (/Y
TR, M T B SR R

s LRI T4 712 801 (Grezes et al., 2001;
Peuskens, Vanrie, Verfaillie, & Orban, 2005) 5 B fi#
fib N Sh1E 2 18145 ¢ (Lestou, Pollick, & Kourtzi, 2008;
Pelphrey, Morris, & McCarthy, 2004), @11, 1F#E0
A SO H S NARSCE Wiz sh(an, S #)
E WA G2 30 Be 4% 5| k2 B 5 [ B K Y s
(Grezes et al., 2001), i 8 W E I AEliz sh B 19
AIAT o HEWAE IS AR B AT 8 B R0 EIR Iz 3l 5l
FEL - I8 T KA 30 (Lestou et al., 2008)., B 1 42 i,
W58 K B X 2 5 iz gl ik # v ) 900 e AT 55
(Abreu et al., 2012; Bishop et al., 2013; Wright et al.,
2011), fn, 7EWE TP BRI Fr Bt A7 4 o T 0]
F, oM B Bk g 5 b s s T AR s 3 5
(Wright et al., 2011) — & FELE ] 1 P B BRI 25 )5
JCNI b [ 5 A BR Y 186 AR T BE 5 ) B Rz Bl

F1 FAHKREERAEZMXMREAREM + SD)

N bopiizEel SCH 2
i X — - — -
GpUL J& ipULl J&
£ F At 0.243 +0.042 0.243 +0.043 0.227 + 0.034 0.252 + 0.039
ZEHT [ 0.323 + 0.073 0.321 £ 0.074 0.286 + 0.048 0.310 + 0.045
R [ 0.390 + 0.089 0.379 + 0.091 0.368 + 0.067 0.382 + 0.068

&l 3 FA ZCHAEM R X
T By MNI 28 [8) T B etk &1, R 22 A7 2Bk, Ao 2228k A N3G B (x = —24, y = —11, 2= 15, k= 32, prece = 0.045), B:
FHINBEG R (x =25, y=—13,2= 15, k=253, prece = 0.019), C: Z& LS (x = —27, y = —18, 2= 21, k=79, prece = 0.040), D: 47 LK
Hid(x =29,y =—17, z=21, k=22, prece = 0.049; X = 27, y = =20, 2= 25, K= 6, prrce= 0.050; X = 21,y = —17, z= 39, k= 126, Prece =
0.044), #tfa. P FA BEE. JRE: prifias ] MNIIS2 &,

Fz 2 WHEBIKA FA M +SD)

SIS ZH

il

Hir

J&

popiikic]
i X —
EipIL]
ZE N3 )5 I 0.664 + 3.64x1072
7 3 )5 i 0.686 +3.16x1072
e B 0.642 +2.80x1072

A b e

0.601 + 3.42x1072

0.645 £ 3.25x107?
0.673 +£2.85x107*
0.627 £ 2.89x107*
0.59 +£3.63x107*

0.638 +3.24x1072
0.659 +3.20x1072
0.617 £2.54x1072
0.561 +£2.80x1072

0.656 + 3.41x10>
0.676 £ 2.48x1072
0.629 £2.69x107*
0.576 £ 2.66x107*
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:gﬁfﬁiﬁigg ;ggiﬁiiggg Smecton, Ward, & Williams, 2004). 11, 5EkiZ 5

510 am XHBHA WIS o XHBRAA FHEHE L RERIE T vKERIE B B R E s . BA AR
49 p o FRATIWAIRRL —o- JRALA LIS T 1 B A A T 02 3 R i T %
47F > FEA L AU PR, ORI R AR T
Lash = AR Ll AT R, O LRI A I 4 L e
5 as} L %2 5 1) 1 38 A 00 BE 3R AT % (Abemethy,
a1l 1996), FEAMF ST H, LU AT 2 R H 2 1P B ER
sol Y531, ATRERRAS T e L AR, A P T Bk
ol SRS, SRS B TR A, B B
s o T R4 £ B EL AT RS AT e, e T4

L1V Jaul
&l 4 44~ ROIs il X [* RD 21k [E

b AR PR B A 5 Y Bl 2 R B9 LR T R
SRAT K o P IKRIZ Bl —I0TAT o JBE I ] 1) 24 618 % ¢
PEIZ By, UL TR A9 7 Hb s A L B AR B OCHE,
TMALE 73 AT E T 1 A Wiz 3l . BRAg T sh VR 2 T
TE B T T R 1) 7 b GHEAT LS U AR B A7
RS EER, £l P B ERIZ B B L E T RE
Bt F Ak 32 3 52 808 F (Abernethy & Zawi, 2007;
Alder, Ford, Causer, & Williams, 2014; Jin et al.,
2011), AT a5 H R 0 55— S 52 2 B0,
B AT 3 H BHBIRIIZRE, X P BRI
TR RE 7 . % 42 5 (Liu et al., 2017),

ARSI 06 W% 3] S 56 21 VI 5 S B TR AR R AR
BT B85 ¥ B Rz SR T A S BBk Sl 1
BB A Ko AR B, 30T mIFn& K0 &l
40 dak 45 X P A & (Bilalic, Langner, Erb, &
Grodd, 2010)., Bilalic % A (2010) b4 T 448 % 5 A
B TAEZ BT SC AL 5848 AT 55 v 0 3R B K Hop
P, S IR O E R BB R AL e R A
FHF, THLRN LA ARE T
BT BSUR AR K G ZAER AT S,
T WSS & T, AEF AT M2 5 R
MR FRIA o KERIFTE R IR E SUSY & 5 L i
NABGF 09 b s A AR A RE JI (Bilalic et al.,
2010; Hohmann, Troje, Olmos, & Munzert, 2011;

F i

F T, FA ST 7K 5076 F B 2F 4 v il
) FIAR A P B e 1], FA B AR 56 B ZK 41 1 il 5]
MY BB BE R TTERE M Y B BE . FA HInA =
FIATHE: AD 34, RD T %5 AD ¥4 /454 RD T
R o 1T AS SIZ I F 5% 5 R % 300 5 5 A DI 2 0 LA Py
Jal . LU FA 3500, J& i RD TSR,
FA ZBAbZ Z R A R, W&ok . . A
1% . BEES B (Beaulieu, 2002; Blumenfeld-Katzir,
Pasternak, Dagan, & Assaf, 2011), B4 WF55EH,
AD X5 2 #5105 8UR% (Sun, Liang, Cross, & Song,
2008; Zhang et al., 2009); i RD X #5454 5 SRR,
RD TR HIBERS IS A 5&(Kim et al., 2007; Song et al.,
2002; Zhang et al., 2009), 41, Zhang 55 A (2009) LA 4
OB, X E B A BEE T A IR, 45 R L,
RD 34N FIBESH i 14 E ARG . Song 45 A(2002) L
BT ERRE RURD A R BRI 22 A 21 4 o Y RE B R B
AD FI RD, &R & B, BiR R Bk, H
RD KPR, & AD FgEER G2, HIt,
AL IS 2 P B BRI S R L RD RS
AL FA 38R A= BREL AN AT RE AN BRI 25 1 /Y
2T 2 R SR R R A G

T R T b AR S B Kk B R Bis B XL s
X, 10T Bk NPT BRI, S B R
KM B JZ2 FnG 1 . A RERY . R ATEF 4R B
Mo 0PN S5 FBCEL 2 i B B R, TR is gl Rk
VAL T 2 Y v BE AR TR BB o AR S0 W4 B i 5P

#£3 WA 4 ROIs i [X 89 RD &M = SD)

N popiiskiEl YA
HWR IRVIRN 5 IRV )
GRL eIl 7 GIRIL Ja i n’
ZEWNEEGE  3.83x10*£856x10° 4.10x10%+£8.23x10° 034 4.17x10*£7.93x10° 3.98x10*+£7.62x10° 0.24
HMNBEER 3.68x10%+£7.96x10° 3.84x10%+637x10° 023 4.04x10*+737x10° 3.83x10*+5.89x10° 0.34
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Abstract

Brain imaging studies have found that the athletes engaged in racquet sports showed different brain
structure and function based on expert-novice paradigm. However, the present findings cannot fully interpret the
role of sport experience in brain plasticity. For example, it is still not clear whether such differences in brain
structure are due to training experience or innate differences. The aim of the present study was to investigate
whether young adults' brain structures are influenced by a short period of badminton training experience.

A group of young adults (23 ~ 27 years) without any professional or amateur sports training were recruited
to take part in the experiment. They were randomly divided into either the experimental group (21 non-athletes)
or the control group (17 non-athletes). Participants in the experimental group were trained for 12 weeks (one
hour each time and three times each week), and participants in the control group did not attend any regular sport
trainings during this period. Structure imaging and diffusion tensor imaging (DTI) techniques were used to
assess the effects of badminton training on the brain structural plasticity in young adults. T1 images and DTI
data for all participants were collected before and after the intervention. Voxel-based morphometry (VBM) and
Tract-based spatial statistics (TBSS) were used to perform a whole-brain analysis of the T1 and DTI data
respectively. A 2 (participant group: experimental group, control group) x 2 (test time: pretest, posttest) repeated
measure ANOVA was used to perform statistical analysis.

The results showed that there were significant interactions between participant group and test time for the
gray matter volume in the left inferior occipital lobe, middle temporal gyrus and inferior temporal gyrus.
Specifically, participants in the experiment group exhibited increased gray matter volume in the above brain
regions after the training, whilst participants in the control group showed decreased gray matter volume in the
left middle temporal gyrus at posttest as compared to pretest. Furthermore, for the participants in the control
group, there were no significant differences between pretest and posttest in the volume of left inferior occipital
lobe and inferior temporal gyrus. In relation with the white matter microstructures, the experiment group had
increased fractional anisotropy (FA) in the bilateral posterior limb of internal capsule and the superior corona
radiate in posttest as compared to pretest. And the increased FA was induced by decreased radial diffusivity
(RD). In contrast, the control group had decreased FA and increased RD in the above fibers at posttest relative to
pretest.

Taken together, these results suggest that badminton training increased the gray matter volume in the brain
regions related to visual motion perception processing and increased the myelin sheath thickness of the fibers
associated with motor learning. These results imply that in early adulthood, the gray matter and white matter of
the brain might have plasticity to some extent.
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