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BRI BA A R %ok 57 " A Sl A7 RH L 9 L DA T B
U Ml 0 TR B 7 € AR 22 WE 58 B, R A 1l BE g A
AEBRIE Bl R ZR A R BOC R W), R4 SR A RE
72 DG S 2R 8 0 DR SR BE T A A AE R BTV, AR L D R
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W6 255 M P, A ) R AR ) A R, AR 22 W5 R BT 4R
A7 BB AT 55 o A o, A SRR AT | A
12 2l DX A5 N DX O O, T I R A G H L 48
7, KMz B I 2k e 05 2 35 4 A P3 Al o3 B ¥ AR
1 5% P3 A3 B AR R U2, 6 I ki A8
AR HRK A AT 5 Tk A4 D) e 2L HLJE SE AT i T R
B, AR T8 T, 32 3l L GOM ik XA B R o AR R
H A 12 Bl BE 5 R 45 FA 78 4 L 1 4 i 201,
Won F517) 3 W] K Jini 45 ) 1) 2 1 Ty i 199 2% £ 25 ) RUBE
BT AR—— XL P, K 3z st 2 s A o fE
(R T KN 45 Fa A T8 R A IR AR 5 Bk — A A

i LR iR, AW B AR R 515 IR 55, R
AT R BROK V- 12 Bl B S I 30 1l 2 BE 19 22 S k5 ] i 4
A REILIR AR T, TRIAT O 22 57 1 1 22 45 4 Sy
BRI S TS 2 WA Sz Bl 6 B 4 i BE B9 52wl 22
k5 1 BS AR

1 MANREFRIE

11 MRAX R AR GE 4 BEFE L R4, 1
A F)F. X R4 (control group, CG) Ry 15 24 % 4
KA, REATAT U4k, k4% 4 (amateur group, AG)
9 B R BKIE 3 5L, IR AFERR /N T 3 4F, &
Ak 4 (professional group, PG) K 10 44 %k & K24 7
FEIKIE B 5L, WA AFEBR KT 8 4F. Irf wik 1 4 Fl
T, B34 T g, JC 25 iURa L il SR AT R . R
A S 5 3o R 4 BE A 5 U R S R 2 B 2 A
] 5% A o S 6 5 M DG A e FH VA DU 2R A T

12 FLEESESMNASHEWE RAEIEGES
8 55 %8 B A 93 2E A S g 4 ) B . R E-
prime 2.0 #EATAE 55 19 4 5 A2 B (& 1) . 98 Logan
SRS B FE H AR U XA 55 i AR R AT . AT
%5 M Go 1 Uk (B SR il S R T 4 A0 2 5 S )
1 Stop 12 U (I >4 1T A9 4% B s g ) 28 B i A ik

TF UG HAE B %5 0 2 B 500 ms ™ +7: 7E Go Ik +7

Jr B BLAL 0wl W (0 S0 [ B, 7R Bl b s
BRI w i 7E Stop IUCH “+7JE B BRAL A sl

WA €8 500 [ B, Rk — Be it [A] 22 5 s 3 2 0 5 P (45
1EA5 %) #7522 37 BVIBO I 2l 0 2 B8 Sy, HL S 0
Pl 13 0 B 22 ] 174 [R] BR Bsf ) AN 22, A2 4 1) 18] 2 250 ms
(stop signal delay, SSD), 7E 100~800 ms i )], hi L) 411
1Y B RN 38 50 ms, 28 1 YR U /D 50 mst),
XA AT DURIE 50% 2647 19 1E 8 26 . AT 55 ¥ 46 1 42 1
PN BE O 2 v A R TR A R R AR S B
AT 55 FEE K2 15 min, 36 160 4~ KK, i Go Al
Stop K A LL I 7 = 3.
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500 ms

500 ms

e A RORTEMLA SSD EoRIE IRE S LR,
[ 1 Stop-Signal {EE X

1.3 HEAHIRBERE g sl 68 b I K i B
B 3T WU T AT R 4. e 2 il
SR, LA B 1913 7 51) (MPRAGE) SR 4k T1 454914, &
SBHE] 2 s, [ B ] 20 ms, %A 9°, L EF 256 mmx
256 mm, J)JE 1 mm, 250176 2.

1.4 MRI H#ELERIE K SPMS (Statistical Parame-
tric Mapping) [} VBM8(VBM, http:// dbm.neuro.unj-jena.
de/vbm) X} 52 AR KR A7 AL 2. B 56 R A VBMS H
7 1Y) DARTEL 5318 > 1k 25 ] 1) UG B A 2 A o 2
B8], K J5 B bn Ak BSR4 43581, 49 30 BT, BT AN
O A Tk e i A R B, R AR 2tk A2 Ak
HEAT VR . B fE SR T2 5 Y8 8 mm Y &[] S e i
U A EAT 23 [R]SF- A B, [ s 55 (L <0.1 (1)
TRZ, LADS /A 73R IR T A AN — it

1.5 it ot

1.5.1 AFA#E BT IEE S5 T IER Go ik
()7 259 S5 7 s, B B Go il 38k 2 4 ek 52 i B9 R 1]
Go IR B IE 8% | Stop IR IK 1 1E 51 K UL A5 115 5
S B5f (B8] (SSRT) . 5% 1A% 5 S bz B[] 2 #h °F- 34 Go 2
I F5F 8] 98 2% 1E 8 Stop i K H - 3 SSD 5 15 31 PO,
K F SPSS 22.0 Xt b iR HE AR AT B R 7 22 3 07, R
FHl Bonferroni #4755 J5 K 5, o 35 7K 1%k 0.05.

1.52 #% 5% FET SPMS R ) AR AR I X Xof
WAL | ol AL A 4% 2 7 9 22 ] A7 BURE AR T 46 56
HEBR =k >3 mm B9 8% 32, I ]I 4F % 19 52 e, >k
FDR # 17 2 & WK IE, BE K& P<0.05. R
FH SPSS 22.0 G i1 44 X% 4 i . < J5 RN A 5 AR ARk A 7
BRI T 2253 0, 13 KO P<0.05. b4k, $R R 2
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Eﬂﬁgﬁﬁ%ﬂggﬁﬁﬁﬂﬂx 1’%& Jﬁjﬁ}imﬁﬂ‘]kﬂ N = % 1 %&iﬁ%ﬁiﬁ?‘éﬁﬂ%%
B R AT AH BT, 23 K F R P<0.05. —
S5 CG AG PG
2 gﬁ% ErEi/m 1.61+0.05 1.64+0.04 1.66+0.05
. " o TR /k 52.1£6.07 54.123.55 57.4+4.08
21 REBHKINGKTLASEEKEBIEFES E*;; o o o
o g - & 9+0. 242. 5415
DL ) H S &, ekl B L (R L AR L BMI
BMI 20.2+1.4 20.0£1.3 20.7+1.5

HAITERKEE. 25 R ERE & (F, ,)=2.6365, P=
0.09) . WGt (F(, ,,=3.1537, P=0.058) . 4F-#% (F (5. 27)=
0.38, P=0.68) L &% BMI(F,, ,;=0.78, P=0.4668) 7 £ &
BN P ARG #2257 (£ D).

22 RGN EZRZEERMIMEIGEHNEE $
P& 7 22 0 M o, 3 4 18] S g B[] (Fy, ;) =8.26,
P=0.002) . IE#iZ& (F 5 ,=6.37, P=0.005) {5 (|- 15 5
F2 RS 1] (F o, 57)=39.77, P<0.001) FE1E 35 2 . H

Jo K B R B, MR X IR dL, &l 4 (=-3.8836,
P=0.001, & 2-a) Fllb 4% 4 (+=-2.8836, P=0.01, [&] 2-a)
S 7 B i) Sk 2 AR Tt BA AL 5 1A S R I ]
) 20 R Tl Ay 4 (1=2.644, P<0.05, [ 2-¢) FIXt
M8 2H (=-9.4720, P<0.001, [ 2-c), b Ax 4 5 A% T %t
820 (=—6.8629, P<0.001, [ 2-¢). ILAb, &l 4 IE #f
R T AR (1=2.82, P=0.019, [&] 2-b).

%00, . ERT 0, OIA 250; + OSSRT
l;‘ ! i !
600 | 60f - - - 200
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- o » 150 F
£ 400} £ a0l g
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W RT RoR M ) IA RoRi0H| LR % ; SSRT R/nfe 1L15 5 RS []; *f{3& P<0.05.
B2 WHIEBKIILRRS K R ) BE 0 80 %20

2.3 BEIUNEX L KF%E KL EI G

231 RN XFALREMNGH A U
A A AR g, R K BT BT A B A i AR B R AT
%ﬁ/fﬁ’*ﬁ 2?‘5%%@%, %l’ﬁ%ﬂrﬁﬁgfﬂ(ﬂz 2T
1.77, P=0.1887, ) . JK BT AK B (F (5, 1;,=0.74, P=0.4868)
WS BT (F o, 29 =0.65, P=0.5279) {& B 16 41 91| 32 %507
TERAAEAE B 5 (K 3).

2400 ¢ .j)z[ﬁ
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1800 | O 4=
E 1200 f
N
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3 KHARBKING £ AR AI S0

232 RN KFA KRB RF ARG FH
OIS | ZE = [ 25 AN T N S = o~ 3 D
JBbE 1 B R 2 G TR AR i 35 18 K (P<0.05, FDR),

LA IX 8 kg 22 /Nl Crus1, 8 F BRFD B, A5 00 /)
fif§ Crus1., B, = s g [ A ep e 5 [0l (3% 2, & 4-a).
ol 20 B0l A ZH AR A AR (B de i Bl el
r [ S5 X T AR R i 2 R (P<0.001, 3 2, &1 4-b).
b A% 25 AU A 3RO 5 AR FR 3 K TR B4 (P<
0.001, % 2, K 4-¢c).
24 ERKXKREEMNKRINE & HBHE X D
PRI 25 5 i XK 5 % % 5 RT. 1A DL K& SSRT # 47
A5 o BT, & B/ B a5 ERVIDRD RT &2 & 3% A o6
(P<0.05, r=—0.12, & 5-a). SSRT 5 /=il #& 4 Bk (P<
0.01, =-0.49, & 5-b) . A7l Fr figi 2 1 2 71 AH G (P<
0.05, =-0.41, &l 5-b), U B A5 M b ki 7022 0 45 1 3k
A R T AR B e R ) 8 0 R L b, TA RS E E
BR (P<0.01, =047, & 5-c) . 4 M #: 1k 7l ( P<0.05,
r=0.46, [ 5-c) 2 3 IEAE.

3 1ig
ARG 25 4 RESER AR 3 R, ST 1115 B 4

T CPEAG AN () 2 BRI G5 7K P 2 R 5 2 B 41 i g
IERFE H A 2 E5 L. 45 RS- WY, AT X B4
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15 Bl By {5 1 s 3 DL R A A R AT N A A
RE T VPAL , 45 R B T8 38 K27 R, 12 3l 0UA SR
S A BE 7. {8 Joyce 45 & B, — Br A ] o A
Fizdh Tz s GedhE X H— . B REFLE 30 min),
S0 A AN AT AT 5 SR B ) A S T R i S B[]
o E A . FE DRI H I A ¢ Stop” Fl “ Go” X
2 /) AR SRR L T B, A < Stop” ik B B KT £
A AR T, 3] 0 X 4 1 A5 56 TR S R A1 A
25, M Go” i B2 ¥ R /A Bk I, AR 2
AR T O S, e AT M BRI T 3 S g 1 45
W FEMHAT 55, 25 Stop” #E “ Go” Z 1 5E 1%, W) 32
TR REAE LD AT, S I EBANAE 5 Y S A T
oL L8> S| E2 SR W= AR & LI NSt DS
PRI T X 52 by 410 1] 68 7 77 A S R 20 () 5 0], BROAH 388 T
—iz B, &2 IH S 3l 5 AR 8 T N 25+ A T
A= W VE . AN, ARTF R A R R, R
ZH RR A ) BE 2 455 1B A 5 B I s i) e 2 02D, {HE B %
FFIC 3% 22 5, UEW R BRI SRt Sz 41 i) 52 e 5 4
TET 1717 A2 22 30 B BB A AT [, 00 30 = 5% W) 52 102 BB 7, T
Je B SN A A S e, T AR R Tl R BkiE
B BN RE RGBS fERE L

2 BRI Lt Ll 21 5500 REZH AE KM K2 )2 L 2
JZ R LA BN i 4 DX 3l A B RO AR AR, LR 4y
25 5 DX O B i o Z2 0048 LBk L A sk [l) 5
I K E R AT = B SO N AN =< W P2 R R Ao
A RE 2 1 3 2 51 PR 5 500 e 0 41 1 /B O |y SRR S
AR Be i Al i A S AH [R] ( Stop-Signal,
Go/Nogo, Double Task) , {H — F & B & 0 | 3L i< #f 48
T AE B AR B A o R kP A A YL o
WG E Bz 23 -3 G 28700 - 2 R 8 A B bk HE AR
M. BR 2ok A KR ER#ETINL, &e &
Fr i v e 22 J 2, i DA e G 7R 1% 0 sl 45 ) A 1% b R 4
F R R RAE R, KR BRI ZR A5 Fr i 0 AR R
VG NN, 3XRT HE PR A R 28 R = =2 M B AR i
S0, T R 0 PR Sl AR S N R . BRI DA
b, ZE A Bk E AR RE ) 10 AH G, Meta 43 AT
T, TE12 SN B B, 45 FER A 2 s L
M L3R 4300 2 5 80 -SRI A 21 1A [ 3
TE L B, 8 Bk IR 45 32 ok B BUIRIR Y 12
3T PR ( gamma-aminobutyric acid, GABA) #1 £ 50 B i
4 A 22 388 T, 00 o sk P A S R T o P e 22 3
Jot, MO B i 45 202 (glutamic acid, Glu) BE i3S i,
MATER K S R A B 2P0, A ) 2 B A
T HERE S 55 B T AL, K, & FEk0K Bk
TR K, AT B AR (o #2815 45 76 LS A 2215 ) A% 3 T

AL HERA S VR A L PR MR Tk R
A, ol AR ERK B AR R TR, H 5 306 e 0 2
FIEAHDC. DL g5 SR EHIE T -3 I 28 AR A AE
iz s A AR, AR BRI 2506 128 AL 1) 52 i A]
REATE H N b e, w5 m i )2 T (5 A
Bk, R 5w v iz 3h K 2 (rb Je R Il g S el
A0, B Bt ia 3l B J2 v BB i R AR R X o &
Al Al Ay KR AE 3 LB — ATl e R AR B . 1R
R IFT AR SAH DG B I o B v R AR EE AR, Wei 4500
RIR, Ll 7 B3 WA O a5 12 3 O B e 400 A8t
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REWe 76 5 245 se b A 42 2 JE 2445 8., F A8 IE w3
. TR, 7E S0 AT 55 iz 2l 5y 75 8 PR o o b
= B 5 MR AH SC 045 5, 2F M0 o W O A A AR s R
W K A ) F B TN

/I ik 51 8 VAR Jo 5 B 5 B I i 0 Wb 35 AH DG /N ki
XS AE PR, 0 HOE X F IR A A EEAEH. X3y
WEFEAR & B, Sh1EHE AR 2% > R/ NG # 2 o0 i v] A
WhSRIE ZR B2, M G5 A8 b, /N 3E S P L A
RV i B2 J2 R R TR 2 4538 B, [R] B2 /N i i - 7
/N 28 T B B R 12 B R 2 0 B R R AR
KBNAE. A6 Rk 7 v, SR B S S0 A il ok
TZIMERBAE K HERA Y T 7 5. Daniel %
O3 it 4t oA ER S AU B 30 e, 8 ek K I I 4 R AH 1
SIEBCRE 215, /NI AT LK > 1 25 R0 BIDRE & A= Y =R
PEHEATXT L, B LR 15 BA% 2 0 m Ry i@ iz gl
WX FEAT B A IR T, BV AR A A i BV 5 B BR
AT ANE Y B PR TR,

AFFE R, KWL BRI 2R vT g 1o ok 28 sh i 45
il A 28 P BEORE T R R D RE S AL, i B A ALY
SN AP EIRE . W&l 6 o, sh A4 RO & 2% b 22
B, IR RO TR KNG JZ B G WA i A5
B, T8 S PR R S AR B AR 48 A, I N AT R R AR
S, R Z )R FEREIRM AN, SURER
P M K2 J2 48 A 1R B[R] AR, DA I8 4 K i iz 3 iz
JZI %A L IR P A IE A SRR, R BRYINZR
G EBR P 5T A RR I 2 38, — 1y T PR A
N R G B A IR EBUR B2, S — S
iof A A% AT 2 F R 12 Bl B4 T 4R kR A N Y iz
o) 0 AN | N R R O N i 3 | A WA IR
. NIAE AR g B Rl Y NS BARAT
RIEAT IR, EAR RS AT B RN, S5 35 it AR R
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Glu Glu
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& |CABA

o) | |0 )

Glu Glu +
+ +

+ Glu -
—lGABA culPl “+|  Gapa [4
STN ];{ GPi/SNr ] [ cerebellar cortex ]
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c— Glu |+ Glu [+

H: cerebellar cortex: /M fZ 2 striatum:  SUHRAA
GPe: 5 FIERAMUES; GPi: & EAEKRANMES; STN: W
JE#%; SNr: EFIMRIB; Tha: FEfid; PN: Mifrix;
CN: /NWit%: PP RMi#%: PPN: Mitfit%: RD: Z0#%;
4T MEfEs: -7 MbIfEEE: GABA: r&ET
f#; Glu: B2 ; spinal: #ffi; supplementary motor
area: fBIIZ3)X; primary motor cortex: FIZZNX;
primary somatosensory cortex: =F 4K 442 G [X 5 B A X 45
TR IR 5 AR R 35 188 A R AL

6 HEEMHMEDES5KYPEKINEEIEEN
EHI 8 JIB9 AT BEAILE
4 ZEip

R BRI G5 2 35 B o 2 o A S N AR BE
HLBCS AW BE 15 /i 51 VI, Ze 2 FER L A
I A AR AR [l B T R N 3 A O D 300 1 BRI
R TRuR7As K L 2R VNN D/ R AR R Lo S
B A E T 4R T

5 T"EERE

AW TE B IR AE— E A B SR I R BRI 5 g
{0 WU N 45 K T SR, O L IX 28 £ Rl fiE 2 12 8l B
7 LA SO B A 1 BE g B v A A 2 AL L E T
AT 5T R R B T A9F 5 0 vk LA L R A AR BRI
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Differences in response inhibition in female college students of
different soccer levels: correlation with brain anatomy

Bl Yan” LIJu” QIN Zhe” SUN Xupeng” SHI Jilong” LANG Jian"

( 1)College of PE and Sports, Beijing Normal University, 100875, Beijing, China;
2)Qingdao Laoshan Jinjialing School, 266101, Qingdao, Shandong, China)

Abstract Large differences in response inhibition during Stop-Signal task among female college students at
different soccer levels were correlated with brain anatomy after magnetic resonance imaging. Participants (34) were
divided into control group (CG), amateur group (AG) and professional group (PG) according to their soccer training
levels. Stop-Signal task was used to assess response inhibition. Differences in T1 structural images among groups
were analyzed by Voxel-based morphometry, and corrected by FDR. Correlation between response inhibition and
brain regions was evaluated. Compared with reaction time in CG, reaction time in PG and AG was found to shorten by
48 and 44 ms (P < 0.05) respectively. The Stop-Signal reaction time in PG and AG decreased by 116 and
96 ms respectively when compared to CG (P < 0.05); Stop-Signal reaction time in PG decreased by 10 ms when
compared with AG (P < 0.05). PG showed higher accuracy rate than CG (P < 0.05). Professional group showed
bigger gray matter volume in the right postcentral gyrus, precentral gyrus, thalamus, cerebellum_Crusl, cerebellum
vermis, left thalamus, pallidum, cerebellum_Crusl than control group (P < 0.05, FDR). Compared with AG, PG
showed increased gray matter volume in the right fusiform gyrus, precentral gyrus and left middle cingulate gyrus
(P < 0.001). Augmented gray matter volume was found in bilateral pallidum in AG when compared to CG (P <
0.001) . Response time showed significant negative correlation with concentration of cerebellum vermis VIl (P <
0.05, » = —0.12). SSRT showed significant negative correlation with concentration of right thalamus (P < 0.05, r =
—0.41) and left pallidum (P < 0.01, » = —0.49). Accuracy rate of inhibition showed significant positive correlation
with concentration of right fusiform gyrus (P < 0.05, » = 0.46) and left pallidum (P < 0.01, » = 0.47). It is concluded
that long-term soccer training significantly improve response inhibition in college female students. Response
inhibition is correlated with gray matter density in cerebellum vermis VI, left pallidum, right fusiform gyrus and
thalamus. Long-term soccer training may induce transformation of basal ganglia and cerebellum gray matter volume to
mediate improved response inhibition. More longitudinal control studies are needed to further determine such causal
relationships.

Keywords soccer; college-aged female; gray matter volume; response inhibition; basal ganglia
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