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WE HBY W S5#MAEE (typically developing, TD) JLEMATXIEL, FETIREMEITLIAMNERE (functional near-infrared
spectroscopy, fNIRS) [ iR 3 R R 5T M GE  (autism spectrum disorder, ASD) iz s ¥ AEE T (motor dysfunctions,
MDs) JLEM KT S IEIHENG shAFE, Ait—2L48 75 ASD JL# MDs % A= BILi K D H R £ B8 153140 i) P T S 4 (it 2
WIKIE. FiE  MRIENAFHEERbRME, 75548 24114 MDs (i ASD JLEEZI A ASD4H, 404, TD JL#ZA TD 2. FI/] INIRS
WA R AL ARG AE OIS T B 28 s OCE X m AR A (58, A4l LIS St e s . 4R 5TD
AL, ASD AW RBE Sl (BRFHRAE) AT 5, I J7 10 2% B0 H Z2 MER3E 32 3l 2 2 (sensorimotor cortex,
SMC) FIF IR FEAIERZ (secondary visual cortex, V2) fNXIEIEFRE M BEREL (P<0.05), A MIATZE s =GB
B8 %2 (pre-motor and supplementary motor cortex, PMC&SMA) fixi X #47E 2 & T (P<<0.01),  H.ZR PR XUl ik X
TSN T BE I B T P BRI (P<<0.05) H EZE S5 AMUFTAIM )2 (dorsolateral prefrontal cortex,
DLPFC) FIV2AHXIK. ASDZHTE AR ETEShIE (BEIGERS) AE55rh, oS iR DLPFC, SMC #IPMC&SMA 7
38 B A G X OE R A B TR (P<<0.05), HLERIA UMK X 36 2l 5 INTh e H 7 2 90 i g 1 | FRIR (P<
0.05) HFZELEPMC&SMAM V2HIKHK. 4518 ASD JLEEAEY) AARIENER S RTRE P ST 55 th R B AR T [A)i% TD L
NI RETE B R H L, RO T R DA A 2 e B DA R I X R A e ) 32 i, X il — PR /R MDs &A=
HLIIT AR AR B BT R () 107 R AR A T I RN B 2 4%

KR JUNIE, iZshIhRERER, MORSIERRE, WD RERAIE
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P GE 3% 22 B% A% (autism spectrum disorder, o U T ASD L EE AR AT i SRR A UERE

ASD), MFRIAME, JELEF R LM a g E
PEREAS 2 —, IR ACHEE . B2 2 AT AR
Tl Rk RO AR [, BB R R LI PR R
PEREE R, EEELE S OERE LR EER, &
JI Sk 4 BRI R 8 3 T AR ] AN 28 H AL 2 A
e, oz et R . B e
(motor dysfunctions, MDs), GFHKIME (UL
PpEhlbenG . ARG AREAE N5 H
M, FESRIGMERES), J& ASD JLE R A H LAY
BEAE AR Z — B WFSEHGE , &Ik 50%~88% (1)
ASD JLE R EA RS S MDs ', B Z 45
A TR [ A i BEFNRE R 7™ E R B A ASD B 1K

FROCR, SR & e 32 IR A5 n] A B A 3l K1 s
o BIRR B TR, U EBEALE A H AR
(U . ZEAFANMISE) A, i — B3 Rt
HMAHT 2 HG, #R9% ASD JLE MDs & A= HL
LB shDIRE N oEmk A e ) LB A2 L 15 F M A
SFIIREMRIGE , O T HE— PR T HA T H AR
* WA @EAT TR BREHFURRETH JG-
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1Rt s 1 M LSS OB T B R L
H AT A B B IR 8 Rk 25 7 SR ML 3R & R
Jrtap e

MRk R, L SRR e & e Ny 7R ik
AR LR b, FEAETPIXR S R GRS T 15
PASEEE R s s R AR IS S B A
PEAL RS K, PR R M e 2
BASEIZSIX LA Iz g8 %, IF s st &%
SRRz, G R SRR LA™
B AT, A R A 2 LA P R Y S T A
B AL, R 58 R B OB d T S A
DL R EhVER RE R R BB . iph &Rtk
W1, ASDZ—Ff “Mii L& FRAT" 11, Khikiiz ZhAH
KX I T RE S i IR B Iz B4R 2 o TR A
s g b | IS BN T AR eI (o 3 S ST E |2
AR, X 0T B B ASD JL# MDs &A= 5
PHELAE > — 2 N, B S PR A FE B
R8T 5240 T 5 B 5T/ )N A - SOPR AR [ % S
WU A OC M SRR R AT AT e R A Y
BIZITCRGEIREA X #ERET, ASDE
BRI R A2 Bl ) 4% N S S R i
FEHE RN I, ASDJLERI A TEE 1 5 At
WD REFHFDASAE S 1020, SR SR SRy T A
KHE (typically developing, TD) “MA&AHLL ASD JL
ARSI R G E M KB . FI, XFASDJL
FIB BN OCHK DR 2 TR A AT, B B T LF
Hi B A7 L MDs & AEHLEE DL K MDs B SRR AL 5
St

DITEXT AR E BB AR 2R T2 ST i 0% A Z g
HEAEW T Y WO SR AR XS A BRI
Frum S AUICE, TR TS5 1Y . R ik 2
RETE s s I TR R AE &S ) B H A
AR EI RE ik DA E I )7 37 B AR DG B e BhA T
AT 55 3 R v AN [i] i DX ) 0 28 T 3 104 ek Ta] [ 254
S Y AN [ i DX ) 145 R B G S a2 BAR T AR
i TS Ty T, 2 BT D Re PR G R R R
(functional magnetic resonance imaging, fMRI). f
M€ (electroencephalogram, EEG) &4 ikiTIhE
JAB U A5 388 e A2 SRR A A A I B g
R ASD JLE MDs NG IR A9 S 1A 55 24
HPERLSE S |5 N RS B HTE 45 T-H0RS A Zh R i Ak o7
ANBEBENAE P, XELAEAL S PR e P S K B
YERYIUE ] TERPIREEH DT, HAST
ASD JL MDs Jili ) BE i F REAE 1Y 73 B 2258 T

A, Bz 18 S AT 55 A D RE E B VLEI R R
MMis sl — M &I TR T 2 A1
BRI ERR P, R AN A X E]  E M S
BoGr, S A Dl e % e LA B 3 I 1] 36 46 45f
AR TE sh A2 e Y ThRetEiE Lotk
(functional near infrared spectroscopy, fNIRS) Jj&—
AR R ATE R REBR AR, REAE I8 2 S
K iki Kz )23 i A K AR A, 1 T s ik i DX 3 2R
ft . 5 MRI. EEGAHLL, NIRS XS k#iz sl
AERL, JUILIE AT L 3 B AR RN A2 Bl ik B 2
F5E >

A 5E M H] INIRS £ AR AE ASD £ MDs JL 2
ANFHHREMEES (CRFRASHEEIER) WRET
MR PR 225 BAE B, 2l ARG S D e 2 w4
JEHARZEILER NI REIG SRR, DU — 204
75 ASD JLFE MDs & A 1) ki it 2 L) Kz D Fh A £ 2
BRI S8R S Ak 4 S RF

1 HEST®

L1 HRMFERSSAE

T I TSR Z 8R4 LI A H BRI R R
BEFRSERT A 2511 48 45 ASD £ MDs JL#E4) A ASD
o PAPRE: a FIEIE4~6 % 5 b £FEFEENGH
pER 2 S gt 0 (S hR) T ASD 2 Wibs
#E; o JLE MR W 2 f2 3% (childhood autism
rating scale, CARS) 4bF30~36/32 0], fF&EEH
& ASD iV dndE s d. A RITF . JomE T ) R
PUSERERT . AF B SRR B DL e TR 24
YRGyT; fREREEL A e BUHOCINR ;g SiTEDM R GE
J3 3 (movement assessment battery for children-
second edition, MABC-2) &5 <516 H /(i 4 ;
h i AFEZS . HEBRPRHE: a AAFE ASD 2
Wbl b, AT JIBERT . LG RERT | RSP AU
REREBRAEIE A 5 o TRH AL NERUTF DI RE R 5 4 5
d. A EA o (AndedE) FyamE bR (an
TESNVERL h Ok R TR A4 ) SEuE LI & 58 B
FEGINAE 5 e WP ARRIE S,

[FITET B s K& 4 LER SRR S
PEIIARDCRCIY) 40 4 TD JLEAN A TDZH ., 29 AbRifE:
a. fFIRTE4~6 %/ 5 b. TCATAn] Il ARG Pk i b 28 1k
Wi (WASD, KHIBZS); c. TASDZKEL; d.
BT T IRERT . RS R R AR A
BRPEAETE L s e REASTC A 58 MOAH OGN ks £
MABC-2 £.432% 16 B /-8 g WP AR &2



XXXX; XX (XXD

RXiE, &F: ETINIRSEAR S HTIMEE )L E K 30 EE 5 BB Th B8 iE BhHHE ‘3

. HEBRARME: a BT AEREG . KSR |
Jh AR BR P SRS B 5 b, T E RO R T B SR
Hs oo MELIELA SE A SEMNA R s d. W AR
Z i et 4 N & E  (social responsiveness
scale, SRS) PEsr#EIL 5904 .

ENTEWE SZIIIF R NEE S avs i o (82 E
it (2022027), FrA#0RZ SR
NI A A8 A TR
12 LWERRSHILE

fd1 1] NirSmart 11-3000B 7 (i 48 =X fNIRS fixiZh g
AR (FHRER], hED) SREMTIRENE 25
P, RAEEWIFEN 11Hz, XA S 184 GEFA 16
A (ARG 3 em), JEA A 42 43 . R 524

(a)

(c)

(b)

F /R #2858 F - (montreal neurological institute,
MNI) FRAERAR S A 2 2 431X (brodmann area,
BA) R 38 W) 73 &2 5 B R X (regions of
interest, ROI): 5 4MIFT%5 M 2 )2 (dorsolateral
prefrontal cortex, DLPFC) . %] % iz ) ¥ JZ
(primary motor cortex, MI1) . #] 2% 1K Ji& f7 |2
(primary somatosensory cortex, S1). HJiz 3] % )2
F1 % Bl iz 3 K2 )2 (pre-motor and supplementary
motor cortex, PMC&SMA) VL M Ik 2% 148 |2 )2
(secondary visual cortex, V2) FfX 432 AH MK X,
Horr M1 I S1 G FR A iz 8l B2 )7 (sensorimotor
cortex, SMC). fNIRS RAELM1H 5 K Mg ROL A X i
KZR DA SGE B AR B AR BT L 1 R 1,

nose
A

g D
4 D
source
detector
channel
@ LDLPFC @® RDLPFC
® LM ® RrRM
@ Lsi ® RsI

R-PMC&SMA

@ RrRW2

» L-PMC&SMA

® LW

Fig.1 Schematic diagram of fNIRS data acquisition

Picture of fNIRS data acquisition (a), fNIRS channel layout (b),

left; R: right.

1.3 MABC-2lif TR

MABC-2 & —FPE PR Z MR E a0
brifefbiz shohaeiliX T2, B3 HA MDs 1Y
JLERT A, T Tiid )L s E A e
AWFERH 3~6 2351, M 25646 0K 40 3
1 AEBHFRM . FERmslim) | YiaEE )
1E (CRFAE . F448) DL B IRRR e R s
CHERENE | BAJRE P AN XURR Bk AR ) 323 8 4
FIT H R AR R B R RS e s R
HRSME. TEinifEh . B RDbRHES & o E<
5HMIEER R BAT MDs; Ab T8 6 | i AU 5

correspondence between data acquisition channels and ROI (¢) . L:

15 E R (&5 1S H i) ZalEm B A
%P MDs; =585 16 | 0 B FE R Ab T OE R
TR
14 ESEXARMLRKERE
141 AR5

K HH P53t (block design) #E17is sh{T 5%
At (KE2). 454 ASD JLESLhRIEM, AHF5E
M MABC-2 PSR Z VRN H rh &5 514> 3)
YEFEN INIRS 12 8114535 . iz 55K
FAFRIUF AT o a. YRR EiE (CRFH49) .
il AT FAE 30 s PRI T BE 2 1) 2 ARtk er 6 H bR
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Table 1 Partitioning of fNIRS acquisition channels and corresponding positional coordinate information

MNI coordinate

ROI Brain hemisphere Channel BA Partition ratio B z
x

CH29 0.334 - 40 60 -9

- CH30 0.945 -38 55 26

PLPEC CH35 . 0.806 43 53 24
R CH36 0.589 46 57 -7

CHO04 0.365 - 58 - 12 50

- CHO6 4 0.625 -44 -21 67

M CH17 0.360 61 - 13 50
K CH19 0.628 46 -20 67

CHO5 0.890 -42 5 61

L CHI1 0.753 -28 7 68

CHI2 6 0.673 -31 - 18 74

PMC&SMA CH18 0.908 45 3 60
R CH24 0.717 33 6 66

CH25 0.656 34 - 18 74

CHO7 1/2 0.285 - 63 - 25 47

CHO8 3 0.393 -49 -32 64

- CHO09 2 0.320 -41 -40 67

CH10 0.335 -31 - 40 73

31 CH20 : 0.466 66 -27 47
CH21 0.387 50 -32 64

R CH22 ’ 0.305 42 -41 68

CH23 1 0.302 31 -39 74

CH40 0.517 - 12 - 101 25

& CH42 18 0.492 -32 -95 22

V2 CH39 0.583 32 -95 21

K CH41 0.587 15 - 101 24

Notes: L: left; R: right.

EARER T B HIRE 10s, EH AW, BAMESD
T3 s ] K 24 15~20 min,

Dk, HERE10s, FE 4K, b BIARE D)
B (BERGERS) . Wl MO EAREMER30s, %

INIRS recording
blockl

1
8

baseline
10s

x4

baseline
10s

task 30s rest 10s

task 2

Fig.2 Paradigm design of motor task—state test
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AW I 3 AR B, 12, TR
G AR AT A B I LB W A TEAN A A5 H Y
Mt A8 DA e R I A N A I 8 g [l 1
F ek [ fl A X LB A . R A
S W N N s iy | ) N R (I S B RS
£ BTk, i MABC-2 R T B X} L E /Y iz
STRe ATV, IR0 H HAT MDs 1% ASD JL3E
F1JC MDs 1 TD JL 2 # 17 7 22 1Y NIRS i 2 fig
W
1.4.3 S H]

MPFEFE, ASD JLESRH R K . Bl
PRE DAREAE; I B2 X LR SR 710
F, DMELE S SR IR th T LS Sh S
LA ) S Mk D REASHRE
1.5 HELESHH
1.5.1  NIRSEE Ak #

FIFH NirSpark 24 (FHHEEA, W) HiabFE
FEH X INIRS B i T Ak 3, BARS IR . a.
B ABR S ONI A IE : KA i, FohBRR
4R GHR [5 5 PAEAE  E PR A s () Bl e R
FE53 R T Sl T 1 R 25 1k AR A (B U
MBSOl B, b, MR SR . A A g R
(0.01~0.1Hz) ZE[f0aa . WP %5 A4 B S5 Y
R A 7 DA R A S5 R R AR T 7| A ) AT L 4 T
., REBEESHEMILR s F1#B S . ¢ 1
SR FE e . AR IE 0 H R - B e b
(e 55k i A 2 (mmol/L- mm), 243848
TWE N6, HTREAIMAEN (oxygenated
hemoglobin, HbO,) #EIANIE [ WLAT-55AHC ML I 50
T2 A U AE b, B B iR M b B
BRI, ASHFSE 4R ] HbO, Vi B (B i E A 780 43
1.5.2  NIRSEHE /T

AHDO, FH 3 5z WA R 55258 KMk B 2 0% 7
i . ¥E NirSpark # /4 BlockAvg #He Hi block i (7]
WHIEEN [ -25s, 40s], HAMHE30 s{E55 A
10 sPRE . DTS TFUATT 5 s Y HbO, ¥ JEAE Jy 5k
A, BUT%FFERJE 5~25 s N Y HbO, Yk FEAE M AT
GAH, WAT 55 (R S SEER A4 4 AT 55 S T3
BV A5 24T 45 1) 1a] 4% 38 38 S ¥ HbO, ¢ & A% 1k (4
(AHDO,)., HJri, ¥4 ROIFT A & 1453 18 AHbO,
A3, A R A% ROT BTG KK

R+ %% (lateral index, LI) Fi3f )z A [RE
FA T PL S X

LI = AHbO,, - AHbO,,/AHbO,, +AHbO,, (1)
AHbO,, Fl AHbO,, 73 A 22 M FA ) 2 3K
¥JAHDO,, # LI= 0.1, WA K2 ER & 3
#r - 0.1<LI<0.1, WA HPMfak (e SE i 2L, 2
LI< - 0.1, WAk s =,
UIfe sTMkFREE  (functional contribution degree,
FCD) FHH 5z i figi X X 24T 55 1Y BT R AR B
FCD=AHbO,.,/AHbO,, , (2)
AHbBO,, Fl AHbO,,, 77 il F 7~ Kt — ROI -1
AHbO, I 4 #B ROI -] AHbO, 2 Fll, FCD{E#K,
FEU I ROTXF I AT 55 1 o ik A B bl g %
ki Ty i 4% 43 #r .- FFH NirSpark 4% {4 Network
B Pt 8 1 1R A W) 4 55 19 18] 4% 38 18 HbO, &
FEAE B[R] 7 4] | ) Pearson FH ¢ 250, 48 42x42
SR, X 45 ROLUHEL &% [T A i 18 19 HbO, ik
BERF R P A HEAT -2, 1545 RO I AH G R 5 -
i, B T Fisher’ s r-z 4 D3 B B00E 1E 251,
BT 1 2 (A E N 45 ROT M) D REIE 5 B
HTFIREMsitatr, EEGRELER “Plot
Result” #E17 DI HE % 256 [4 Il ROI-ROI T g % $2 T
MAk . & J5, 2T NirSpark %X 14 H (%) Group
Statistics A5 HH 3 Il ST R AR ¢ 4G 560 LA P2 )L 4
Jiki Al ROI-ROI T RE 7% H 5 S {H
1.6 Zitsrih
I 2 15 - B R 78 (Shapiro-Wilk) 5 %544
AT IEATER S . A4 B, AR ek
FHBRSTREA ek s A APF A IER S0, ) A
FKAHESERG S . SRR AR . MAr FEAR (R 5
X LERAERS . PESIAI CARS T4 . SRSTFAM45E A
G2 A R EF R PR A 7 [ A 5 s SRR
FEAS ¢ K6 56 % W 2 AHbO, ¥ {1 55 BEIS(E 0 WE4T LE
LA WA )38 Bl 45 RS M B J2 B AR 100 5
SR PV ST AR A o 6 36 R S 5008 30 X P 4 A [R) 2 )
SRS T I BEE R (G038 AHbO, MR . LI
FIFCD 5 iG Hebn . M BEEHEoR () F4T
IR 2E 5 b, E WA VE(E Y P<<0.05, JfE
TSR LB (false discovery rate, FDR) #%1F,

2 # R

21 EAER

R 2 FrR, WAEARES . PRI BMI 71
AETEREEZER (P>0.05); SRSTEHER (=
26.061, P<0.001) B A G175 X H TD 4315
<5941, RIAFT& ASDZWRIEE.
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Table 2 Demographic and clinical characteristics at baseline

Characteristics ASD group (n=48) TD group (n=40) 7t P
Agelyear 5.27+0.80 5.05+0.22 1.848 0.070%
Sex 0.191 0.662"
Malen (%) 34 (70.8%) 30 (75.0%)
Femalen (%) 14 (29.2%) 10 (25.0%)
BMI/ (kgm™2) 16.5242.67 15.7242.03 1.422 0.160
Rehabilitation duration/year 2.15+0.62 - - -
Mean CARS score 34.80+0.91 - - -
Mean SRS score 77.71£8.39 39.53+5.21 26.061 < 0.001***

Notes: *#*P<0.001; * calculated using independent samples ¢-test;

22 WMHEER
221 YikESEESERRE (CRTRASIESS)

a. 3£ T AHbO, ¥ & 1Y 4 ROLBLIE 1 00 (41N
Feds)

W23 i, ASDZH R-PMC&SMA (CH24 (¢
=3.439, P=0.045). CHI18 (=4.634, P=0.004) )

® calculated using Chi-square test.

AHbO, W 22 5 HA G il # & X ; TD 41 R-V2
(CH41 (+=3.581, P=0.002) ) FIL-SMC (CH4 (¢
=4.287, P=0.002) . CH6 (r=4.365, P=0.002) .
CH7 (=4.115, P=0.002) ) AHbO,¥ &2 55 HA
Gt X, FRITIK LE58 18 I 7 i A DX AR o

Table 3 Significant activated channel in both groups during one—handed bag throwing task

MNI
Group ROI Brain hemisphere Channel BA t P
X y z
CH24 6 33 6 66 3.439 0.045%*
ASD group (n=48) PMC&SMA R
CHIS8 6 45 3 60 4.634 0.004**
CHO04 4 -58 -12 50 4.287 0.002%**
SMC L CHO06 4 -44 -21 67 4.365 0.002**
TD group (n=40)
CHO7 172 - 63 -25 47 4.115 0.002%**
V2 R CH41 18 15 - 101 24 3.581 0.002%**
Notes: *P<<0.05; **P<0.01; L: left; R: right.
b. JF AHbO, M 145 ROLIGIH L2 5% (41 222 BIRRvEMafERRE (BEMERIES)

B L)

mE 3PN, 5 TDAIFHL, ASD4L-SMC (¢
=2.845, P=0.006) FIR-V2 (=-2.465, P=0.017)
AHbO, ¥t J¥ . Z F#AIK s 1 R-PMC&SMA (£=3.553,
P=0.001) AHbO,%J¥ i Z T .

c. P FE BT B0 F- AT 55 B () AR ok kR
G IX

WME4F/R, ASDA LIEAT - 013012
6], REITEPAT R TARARAT 55 I LS 35K 3
F; TDHLI20.1, RWFEPITHRTFHRAATE 556 LA
L3RG 2R o

P 2H BT AT 55 IR T 45 ROILH] FCD He 4
GER AN 5 ik, ASD 4 Ll R-PMC&SMA Jiiki [X.
FCD ¢ K, TDZHLAL-PMC&SMA Jii[ X FCD f K .

a. 3£ T AHbO, ¥ J& 1Y 4 ROLFLIE WS i (41N
L)

w6 i~, ASD 4l R-DLPFC (CH36 (t=
3.347, P=0.024) ) FMIL-DLPFC (CH29 (r=2.933,
P=0.032) ) AHbO, W25 BAS 2 L ; TD
4] R-PMC&SMA (CH24 (= 3.505, P=
0.024) ). L-PMC&SMA (CHO5 (= -2.832, P=
0.032) ) FIAHbLO, M2 R HAS 222 L, *
HH 35 S 308 T T 7 PO 0 DX A AT o

b. 5T AHbO, ¥k FEAY4S ROT I L 22 5% (4
B L)

mEl 4, STDAAMIH, ASD4 L-DLPFC

(£2.527, P=0.015) . R-DLPFC (t=3.278, P=
0.002) . R-SMC (7= - 2265, P=0.024) . L-
PMC&SMA (= - 2476, P=0.017) HI R-
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(@) DLPFC

HBO(mmol/L * mm)
P
2
p
HIH
I
5
g
5

Z -0.24

0.4 T T

Brain hemisphere

-
o

SMC

0.4
O ASD group

0.2 B TDgowp

188 Le

-0.2

AHBO,(mmolL* mm)

-0.4 T T
L R

Brain hemisphere

(b) PMC&SMA

AHBO,(mmol/L*mm)

AHBO,(mmolL* mm)

Brain hemisphere

Fig.3 Comparison of AHbO, concentration between ROIs in the two groups during one—handed bag throwing task

*P<0.05;

Table 4 Comparison of left and right hemisphere LI be-

tween groups during one—handed bag throwing task

AHbO, - AHbO,+

Group AHbO,, AHbO,, M
ASD group (n=48) -0.002 0.203 -0.012
TD group (n=40) 0.091 0.247 0.369
Notes: L: left; R: right.

Table 5 Comparison of FCD between ROIs during one—
handed bag throwing task

ROI FCD,, FCD,,
L 0.033 0.240

DLPFC
R 0.061 0.186
L 0.240 0.347

PMC&SMA

R 0.291 -0.172
L 0.187 0.156

SMC
R 0.119 0.061
L 0.034 0.100

V2
R 0.035 0.081

Notes: L: left; R: right.

PMC&SMA (= -2.456, P=0.017) AHbO, ¥ &4
BEI .

c. PHZHTE AT I A0 5 B AT: 55 IR A D0 32 2R AN
ik DX

7R, ASDH LIMEAET - 013 0.1 2
], R UITEPAT B A 2% 55 5 LLOSUN > 35K 355 Bl oy

**P<0.01;

L: left; R: right

F; 1M TD A LI{E>0.1, FEATEPATIEINE BAT 55
A LA ZE Y3k 3ok 32 o

A 2L B3 B E B AT 55 RS 4% ROI W] FCD 3%
gERINFE 8 fir ik, ASD 40V L-DLPFC i X FCD ik
K, TDZHLLL-PMC&SMA Jiki X FCD ek
23 IBEEEER
231 YiAEEEE e RE (RTRASESS)

W2 LT 55 R8T 45 RO AR D g i 422
5 BE LA SR KL 5 BTk, Hi ASD 20 R-DLPFC
(= - 3.058, P=0.014) FIR-V2 (+=- 4381, P=
0.001) JHEFRYIREHE R E B E LT TD 4, Hib
ROI I PRI R BE 22 R Y it B2 L (P
>0.05).

mE 6 iR, 5TDYIAHLL, ASD 4 FHAE
B IRAET KBRIIREIEH: B & BRI IX A . L-
DLPFC~R-PMC&SMA (t=-2.975, P=0.021), L-
PMC&SMA~R-SMC (t= - 2.548, P=0.043) . R-
PMC&SMA~R-SMC (= - 2.725, P=0.030) . R-
PMC&SMA~R-V2 (= - 2.764, P=0.030) . L-
DLPFC~L-V2 (= - 3875, P=0.003) . R-
DLPFC~R-PMC&SMA (= -3.388, P=0.009). R-
DLPFC~L-V2 (= - 6.006, P<0.001) ., R-
DLPFC~R-V2 (= - 3.291, P=0.010) £ L-V2~R-
V2 (t=-4.770, P<0.001), P<0.01f{2255 &8+
35 R-DLPFC F1 L-V2 Jifi X AH CHE
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Table 6 Significant activated channel in both groups during tiptoe walking task

MNI
Group ROI Brain hemisphere Channel BA t P
X y z
R CH36 46 46 57 =17 3.347 0.024*
ASD group (n=48) DLPFC
L CH29 46 45 3 60 2.933 0.032*
R CH24 6 33 6 66 -3.505 0.024*
TD group (n=40) PMC&SMA
L CHO5 6 -42 5 61 -2.832 0.032*
Noe: *P<0.05; L: left; R: right.
(a) DLPFC (b) PMC&SMA
0.4 .
b O ASD group [ ASD group
§ 02 B D mow " @ e
g
§ 00 B =
g
=
4 02

Brain hemisphere

()
SMC

[ ASD group

AHDO;(mmol/L* mm)

-0.2

Brain hemisphere

@ .

3 ASD group

B D goup

AHDO (mmol/L* mm)

Brain hemisphere

Fig.4 Comparison of AHbO, concentration between ROIs in the two groups during tiptoe walking task

*P<0.05;

Table 7 Comparison of left and right hemisphere LI be-

tween groups during tiptoe walking task

AHbO, - AHbO, +

Group AHbO,, AHbO,, S
ASD group (n=48) -0.013 0.161 -0.084
TD group (n=40) 0.024 0.189 0.131
Notes: L: left; R: right.

Table 8 Comparison of FCD between ROIs during tiptoe

**P<0.01.L:

walking task

ROI FCD,, FCD,,
L 0.175 0.000

DLPFC
R 0.073 0.221
L 0.002 0.567
PMC&SMA
R 0.148 0.298
L 0.145 0.050
SMC
R -0.021 0.102
L 0.009 -0.183
V2
R -0.031 -0.056
Notes: L: left; R: right.

left; R: right.

232 BiRREtahfErine (EME RS )

P2 B A AT 55 IR T 45 RO FE D) RE I 2
R E ARG A& 7 s, Hob ASD 4 L-
PMC&SMA (= - 2.407, P=0.031) . R-PMC&
SMA (= - 2.645, P=0.022) . L-V2 (= - 5.767,
P<0.001) FIR-V2 (= -4.937, P<0.001) %&7f2
e E B E MK T TD4l, R-SMC (1=2.687,
P=0.022) MR E R T TDA, Hil
ROI i PRI g i $R FBE 22 w ) Rt = & L (P
>0.05),

MES iR, 5TDYIAHLL, ASD 4B i
TS5 RATF KA DI RE 8 3 W E PRI X f . L-
DLPEC~R-PMC&SMA (r=-2.975, P=0.021). L-
PMC&SMA~R-SMC (= - 2.548, P=0.043) . R-
PMC&SMA~R-SMC (= - 2.725, P=0.030) . R-
PMC&SMA~R-V2 (= - 2.764, P=0.030) . L-
DLPFC~L-V2 (= 3.875, P=0.003) R-
DLPFC~R-PMC&SMA (1= -3.388, P=0.009). R-

N
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Fig. 5 Comparison of short-range functional connectivity strength during one—handed bag throwing task
*P<0.05; ***P<0.001; L: left; R: right.
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Fig. 6 Comparison of long—range functional connectivity strength during one—handed bag throwing task
(a) Long-range functional connectivity of ASD group, (b) long-range functional connectivity of TD group, (c) the differential brain

regions of long-range functional connectivity in two groups.
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Fig.7 Comparison of short-range functional connectivity strength during tiptoe walking task
*P<0.05; ***P<0.001; L: left; R: right.
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DLPFC~L-V2 (&= - 6.006, P<0.001) . R- V2 (t=-4.770, P<0.001). P<0.01 2% FEHE
DLPFC~R-V2 (= - 3.291, P=0.010) FIL-V2~R-  ZE5XI PMC&SMA F1V2 i X AHEH .

RSMC

LsMC

E WO

Fig.8 Comparison of long-range functional connectivity strength during tiptoe walking task

(a) Long-range functional connectivity of ASD group,

regions of long-range functional connectivity in two groups.
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Abstract Objective Based on functional near-infrared spectroscopy (fNIRS), we investigated the brain
activity characteristics of gross motor tasks in children with autism spectrum disorder (ASD) and motor
dysfunctions (MDs) to provide a theoretical basis for further understanding the mechanism of MDs in children
with ASD and designing targeted intervention programs from a central perspective. Methods According to the
inclusion and exclusion criteria, 48 children with ASD accompanied by MDs were recruited into the ASD group
and 40 children with TD into the TD group. The fNIRS device was used to collect the information of blood
oxygen changes in the cortical motor-related brain regions during single-handed bag throwing and tiptoe walking,
and the differences in brain activation and functional connectivity between the two groups of children were
analyzed from the perspective of brain activation and functional connectivity. Results Compared to the TD
group, in the object manipulative motor task (one-handed bag throwing), the ASD group showed significantly
reduced activation in both left sensorimotor cortex (SMC) and right secondary visual cortex (V2) (P<0.05),
whereas the right pre-motor and supplementary motor cortex (PMC&SMA) had significantly higher activation (P<
0.01) and showed bilateral brain region activity; in terms of brain functional integration, there was a significant
decrease in the strength of brain functional connectivity (P<0.05) and was mainly associated with dorsolateral
prefrontal cortex (DLPFC) and V2. In the body stability motor task (tiptoe walking), the ASD group had
significantly higher activation in motor-related brain regions such as the DLPFC, SMC, and PMC&SMA (P<0.05)
and showed bilateral brain region activity; in terms of brain functional integration, the ASD group had lower
strength of brain functional connectivity (P<0.05) and was mainly associated with PMC&SMA and V2.
Conclusion Children with ASD exhibit abnormal brain functional activity characteristics specific to different
gross motor tasks in object manipulative and body stability, reflecting insufficient or excessive compensatory
activation of local brain regions and impaired cross-regions integration, which may be a potential reason for the
poorer gross motor performance of children with ASD, and meanwhile provides data support for further
unraveling the mechanisms underlying the occurrence of MDs in the context of ASD and designing targeted

intervention programs from a central perspective.
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