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N 1 I R N 7= = D B i AW W B o]
DI SRR RE R R B B . it 2R b otk
W1, ASDJZ—Ff “Hii 2% FRafg” 1, Kz 2
RIS INRE S i L BTz 346 42 Joam i b A
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(52 =G I REFRF NG AR) S 020 KSR S T
S5MAI KT (typically developing, TD) MAAH L
ASD JLE AR MBI BB B N2k kK E . Ik, X
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(functional near infrared spectroscopy, fNIRS) J&—
PR ARSI E UG HR ,  BEAS I S ]
KRG B J2 it A8 K S A2 4k, 3 T sz e i X3 Bl IR
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JEPERAR, JUHAE F T L B s 3 ik B2
R s
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IR 2 TR SR ., 0 i DA TR K B RE e 4 M 1
FHERERILE I RETE SRR, DU i —2048
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MNI) 5 HERR A S A &7 {2 43 X (brodmann area,
BA) Bl 18 W) 4 &2 5 %R X (regions of
interest, ROI): 75 ZMU 7 %7 - 7 )2 (dorsolateral
prefrontal cortex, DLPFC) . #] %% iz 3 & 2
(primary motor cortex, M1) . #] 2% 1K & jZ )2
(primary somatosensory cortex, S1). iz )% )2
144 B iz 3 f2 |2 (pre-motor and supplementary
motor cortex, PMC&SMA) DA J2 IR 2% L ok 7 )2
(secondary visual cortex, V2) X 4324 MG IX,
Horr M1 ST S b I8t iz 8 2 )2 (sensorimotor
cortex, SMC). fNIRS SRAH 1 55 KK RO A% Kz
KR VLGB AR B A5 B UL 1 R 1,
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Fig. 1 Schematic diagram of fNIRS data acquisition

(a) Picture of fNIRS data acquisition, (b) fNIRS channel layout, (c) correspondence between data acquisition channels and regions of interest (ROI).

L: left; R: right.
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Table 1 Partitioning of fNIRS acquisition channels and corresponding positional coordinate information

ROI Brain hemisphere Channel BA Partition ratio MNI coordinate

X y z

DLPFC L CH29 46 0.334 -40 60 -9

CH30 0.945 -38 55 26

R CH35 0.806 43 53 24

CH36 0.589 46 57 =7

Ml L CHO04 4 0.365 -58 -12 50

CHO6 0.625 -44 =21 67

R CH17 0.360 61 -13 50

CH19 0.628 46 =20 67

PMC&SMA L CHO5 6 0.890 -42 5 61

CHI11 0.753 =28 7 68

CHI12 0.673 =31 -18 74

R CH18 0.908 45 3 60

CH24 0.717 33 6 66

CH25 0.656 34 -18 74

S1 L CHO7 1/2 0.285 -63 =25 47

CHO8 3 0.393 -49 =32 64

CHO09 2 0.320 -41 -40 67

CH10 1 0.335 =31 -40 73

R CH20 0.466 66 =27 47

CH21 3 0.387 50 -32 64

CH22 0.305 42 -41 68

CH23 1 0.302 31 -39 74

V2 L CHA40 18 0.517 -12 -101 25

CH42 0.492 =32 -95 22

R CH39 0.583 32 -95 21

CH41 0.587 15 -101 24

L: left; R: right. ROI: regions of interest; BA: brodmann area; MNI: montreal neurological institute.
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FMBRITF U o o YiAEEtafE AP .
il AT FAE 30 s PRI R AT BB 2 1Y G AR E 21 8 H AR
X, #EKE10s, EE 4R, b. BIRRENED)
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LRl R IKE 10s, TEHE AW, BMESS
T3S [E] A 24 15~20 min.
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fNIRS recording
Block 1
A
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Balsgléne Task 30 s Rest 10 s Bals(;alsine

Fig.2 Paradigm design of motor task—state test
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FriE L [ HEA X LB ES . MRS RAE
BRI | IR R B ARG RS B TR
£ BTk, @i MABC-2 iR T B X} JL#E 1Y iz
SUREHEATIPAL , JFRL HE H A MDs i ASD JLE
F1JC MDs /) TD JL 2 #F 17 57 2E /Y INIRS ik 2 fg
P
1.4.3 il

M, ASDIJLELRHELK . Bk
PRE BERE s MR BL Bt L bR A ATl
S, VAR 5 828 4 st B ol L mLsh 254
{905 ) S i ) A o
1.5 HIEAESSH
1.5.1  NIRSEHE sk #

FIFH NirSpark 4 (FHHEAR], HE) HikbRE
B INIRS £ i A b 2, HAAOP BRI .
a. BRSSO RE . KA SR e, Tk
JF b R AT 5 AR AR ™ T O Y B ) BB B T8
P, IFA3 AR M sh B bR 2275 AR A 0
B, KBS B b, A E SR . (AR

By (0.01~0.1 Hz) EBROZ . PPOCAEA B 8)5 |
TP T AR 75 L R PR L AR A 7 RS A IR A e 2
B, ST S MmN sh T2 F ARG S
c. I AECHR B A e . ARG T 1Y LU IR - I 2 AR
S EEE R 1 E R (E (mmol/L-mm), 2557
BTHFRE N6, HTAASIMLEH (oxygenated
hemoglobin, HbO,) #IANJE [ WLAT-55 FH G MM I 5))
T2 A ORI e b, B B 5 e L
R, ASBFFE 4R ] HbO, e B (E HEA 7808 23 #T
1.5.2  NIRSEHRE /4T

AHbO, 3 S A [AIATE 45 25 i B J2 386 7
i . ¥E NirSpark # /4 BlockAvg #He Hi block i (7]
WEIBEE N [-25s, 40s], HrP 3% 30 s{E45 A1
10 sRE . LTSS ITURRAT S s N HbO, 1k B A ly 3k
LRAH, BUT 55T AT 5~25 s N HbO, He JE 1E I AT
FAH, AT S EI A LA I 4 AT S S 1
R A5 2] 4T 55 W 1] 4% 3 18 7 ¥ HbO, ¥ FF A8 fk (A
(AHbO,) . fit)i, ¥4 ROIFTAL & A 453 i AHDO,
AT, ZIE RN Rz ROT B /K-

T4 (lateral index, LI) JH# & WA [R{E
A T REHMIX

LI=(AHbO,,~AHbO,, )/(AHbO, +AHbO,;) (1)
AHbO,, Fl AHbO,, 73 A 22 M FA 2 35K -F
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¥JAHDO,, #7LI20.1, WIANZMEER GRS 2
—0.1<LI<0.1, JUITA Ay P A 2= B[] 45 22 5 47 LIS
-0.1, WAHA MR R 2

UIREDTMRFE . (functional contribution degree,
FCD) FH ke 2 W 5 i X XA T 55 B SRR R

FCD=AHbO,.,/AHbO,,, (2)

AHbO,, F1 AHbO,,, 73 %l & 7~ = — ROI *F- 1
AHbO, Fi14:#8 ROI -1 AHbO, Z Fil, FCD{H Bk,
FEUH L ROTXFIZ AT 55 1) v kAR i bl g %

Fii D RE % #5243 #7 + - A1 NirSpark #X /4 Network
BEHTH A A B AE AN [ 4T: 55 1 (1] 4438 18 HbO, 1k
JEAE B[R] 241 1Y Pearson AH G 240, 4 2E 42x42
FHOCHE RS, I X 45 ROT T AL 1% fir 4 18 3 1) HbO, ¥k
JEW B PP AT, T 45 ROT I AH G R A -
{8, $£5E VAT Fisher’s r-z 55 # LL 2 3 B0 1E 254,
BT B 2 (E B E N4 ROI 8] Th g% e i 2,
HTIREMETHatr, #ESRmEEERE “Plot
Result” 47 U)HE % H2 55 [ A1 ROI-ROI Ly g i%: 42 AT
WAk . &5, T NirSpark # 4 ' #9 Group
Statistics B &1 Jh S AEAS ¢ K 0 U A A L B 4
Jigi 11 ROT-ROT T fig 1% $ 0 FE {H

1.6 Zitotr

I {2 i - R 76 (Shapiro-Wilk) 77 ¥ %144
PEHEATIEASTER S . AR IR, I L ECR
FHBRSTREA K305 4 AFF G IR M, ARl TR
FKHIESERR . RARITRR . AR k5
XFLEEAERS . PERIFI CARSTF4r . SRS P43 A
(RES W =21 67 R R T = v W 1 1 Y 0 R A <A
FEAS ¢ 46 56 %F P 20 AHbO, 1 FE 8 5 FEi{H 0 AT b
UL R BEAS [R)32 B AT 55 RSN KM B2 2 0 5 100
SR M ST REAS ¢ 45 35 RN E 2850k 6% PR 2H A ) 3z By
SRS T AP REFE R (f04% AHbO, MR EE(H . LI
FIFCD &¢I s 5 s . M h eI e () #EAT
YR 22 5 LB . DR E M BIH O P<0.05, Jf ik
TTEEIR A BE (false discovery rate, FDR) M 1E .

2 & R

21 HWHEARER

M2 7R, PIATEAERS . PRI BMI 7 I3
AR EZES (P>0.05); SRS/ (=
26.061, P<0.001) HAGit2#iE CH TD 4HiF4r<
594, HIATFE ASD 2 Wikt

Table 2 Demographic and clinical characteristics of two groups of participants at baseline

Characteristics ASD group (n=48) TD group (n=40) pali P
Age/year 5.27+0.80 5.05+0.22 1.848 0.070"
Sex 0.191 0.662%
Male n (%) 34 (70.8%) 30 (75.0%)
Female n (%) 14 (29.2%) 10 (25.0%)
BMI/(kgm™) 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**+

##%P<().001; "calculated using independent samples -test; ?calculated using Chi-square test.

22 WHEER
221 YRS ERRE (RTRARIESS)

a. 3T AHbO, ¥ & 1Y £ RO BLIR R &0 (ZH N
)

W3 3 rn, ASD 4 R-PMC&SMA (CH24
(1=3.439, P=0.045). CHI18 (+=4.634, P=0.004) )
AHbO, ¥ J¥ 22 57 H A it 4 & X, TD 4 R-V2
(CH41 (£3.581, P=0.002) ) A#il L-SMC (CH4
(=4.287, P=0.002) . CH6 (=4.365, P=0.002) .
CH7 (=4.115, P=0.002) ) AHbO,¥ ¥ 2573 HA

Geitera X, R 1 7 i ik DX AR

b. 2T AHbO, ¥k 2 945 ROT PGB L 22 57 (4
[i] 45 )

mE 3 prR, S5 TDAAM L, ASD 4 L-SMC
(+=2.845, P=0.006) FIR-V2 (=-2.465, P=0.017)
AHbO, ¥ i F R, 1 R-PMC&SMA (£=3.553,
P=0.001) AHbO,HkE B & T .

c. PUZATE AT B0 FHARAT 55 B (9 DL 552 Bk R0
ik DX

W 4i~, ASDA LIfEANT-0.18]0.1 Z[d],
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Table 3 Significant activated channel in both groups during one—handed bag throwing task
Group ROI Brain hemisphere Channel BA MNI t P
X y z
ASD group (n=48) PMC&SMA R CH24 6 33 6 66 3.439 0.045°%
CHIS8 6 45 3 60 4.634 0.004**
TD group (7=40) SMC L CHO04 4 -58 -12 50 4.287 0.002%*
CHO06 4 -44 =21 67 4.365 0.002**
CHO7 172 -63 =25 47 4.115 0.002**
V2 R CH41 18 15 -101 24 3.581 0.002%**
*P<0.05; **P<0.01; L: left; R: right. ROI: regions of interest; BA: brodmann area; MNI: montreal neurological institute.
(a) (b)
DLPFC PMC&SMA
0.4+
051
e [ :ASD group e [ :ASD group
g 02r - =
L & :TD group L ok % ‘‘‘‘‘ . . & :TD group
S S
N = =R=—=N :
2 S sl
2 -02f z
—_ 1 1 —_ 1 1
04 L R 10 L R
Brain hemisphere Brain hemisphere
() (d
SMC V2
0.4} 04r
* [ :ASD group . * [ :ASD group
E g 02
£ 02} = :TD group _.5 : = :TD group
T D
5 S
E )P —— [y - : | | - é o=l |
g z
Z -02f 3 -02f
- 1 1 - 1 1
0.4 L R 0.4 L R

Brain hemisphere

Brain hemisphere

Fig.3 Comparison of AHbO, concentration between ROIs in the two groups during one—handed bag throwing task
*P<0.05; **P<0.01; L: left; R: right.

Table 4 Comparison of left and right hemisphere LI

between groups during one—handed bag throwing task

Group AHbO,, ~AHbO,, AHbO, +AHbO,, LI
ASD group (n=48) -0.002 0.203 -0.012
TD group (n=40) 0.091 0.247 0.369

L: left; R: right.

FETE AT B TR AT 55 i AU~ R 35 3k
TD 2 LI1>0.1, FWIFEPITELF- AT 55055 L A2
P2 AT AT 55 RS T 4% RO W] FCD 3%
ZE BN 5 frn, ASD 41 Dk R-PMC&SMA Jigi X
FCDHcK, TDAHLLL-PMC&SMA X FCD K.
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Table 5 Comparison of FCD between ROIs during
one—handed bag throwing task

ROI FCD,gp FCDy,
DLPFC L 0.033 0.240
R 0.061 0.186

PMC&SMA L 0.240 0.347
R 0.291 -0.172

SMC L 0.187 0.156

R 0.119 0.061

V2 L 0.034 0.100

R 0.035 0.081

L: left; R: right. ROI: regions of interest.

222 BRRRGEVESNERRE (EERAESS)

a. 2T AHbO, ¥ J& 1) 45 RO IG5 0L (N
)

w6 frn, ASD 4 R-DLPFC (CH36 (=
3.347, P=0.024) ) MIL-DLPFC (CH29 (r=2.933,
P=0.032) ) AHbO, W E2EF HAGZI2#E X, TD
2l R-PMC&SMA (CH24 (=-3.505, P:o.024) )\
L-PMC&SMA (CHOS5 (=-2.832, P=0.032) ) Al
AHbO, Mk i 22 R BAA B¢ X, 3R L858 38 i
FE )i DX AR T

Table 6 Significant activated channel in both groups during tiptoe walking task

Group ROI Brain hemisphere Channel BA MNI t P
X y z
ASD group (n=48) DLPFC R CH36 46 46 57 -7 3.347 0.024*
L CH29 46 45 3 60 2.933 0.032*
TD group (n=40) PMC&SMA R CH24 6 33 6 66 -3.505 0.024*
L CHO5 6 —42 5 61 -2.832 0.032*
*P<0.05; L: left; R: right. ROI: regions of interest; BA: brodmann area; MNI: montreal neurological institute.
b. FT AHbO, MK FEEAU4S RO 22 5% (4 (#=2.527, P=0.015) . R-DLPFC (+=3.278,
[B] oA P=0.002) . R-SMC (Z=-2.265, P=0.024) .
mEl 4, STDAAME, ASD4LIL-DLPFC  L-PMC&SMA (=-2.476, P=0.017) Gl
(@ DLPFC (®) PMC&SMA
0.5+ . .
.
. [ :ASD group . [ :ASD group
- i : 0% ...... %%
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Fig.4 Comparison of AHbO, concentration between ROIs in the two groups during tiptoe walking task
*P<0.05; **P<0.01. L: left; R: right.
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Table 7 Comparison of left and right hemisphere LI

between groups during tiptoe walking task

Group AHbO,, ~AHbO,, AHbO,;+AHbO,, LI
ASD group (n=48) -0.013 0.161 -0.084
TD group (n=40) 0.024 0.189 0.131

L: left; R: right.
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Table 8 Comparison of FCD between ROIs during tiptoe

walking task

ROI FCD,, FCD,,

DLPFC L 0.175 0.000
R 0.073 0.221

PMC&SMA L 0.002 0.567
R 0.148 0.298

SMC L 0.145 0.050

R -0.021 0.102
V2 L 0.009 -0.183
R -0.031 -0.056

L: left; R: right. ROI: regions of interest.
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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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Fig. 8 Comparison of long—range functional connectivity strength during tiptoe walking 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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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 typically developing (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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