2025 4F #5354 45 13 http://kfxb.publish.founderss.cn/

Rehabilitation Medicine

JET-DhREME Ll AN BRI S
TER kI 2 gt ) L g in D ReE R MGG FFAE

I 0 ELRETF XSRS F,HHEARE, N R

R ERHC=MHE L s e (R LEERD) , =~/ B 650034
* EAFAEH X2, E-mail : 13888968460@163.com

Wk H 11 :2023-10-17; 4552 H 11:2024-03-01

IEETH 2 A BT R TR0 H R B B A 4 T (202401AY070001-022) 5 2 f A B 5 & R T AR
(202405AF140103) ; = 7 & ZUE )T R A 09T 342 (2024)0303) s W TH DA RHE AA B 32050 H £ R)
o E R 8 A4 i 3110 [2022-SW (R #6005 ] 5 B WA T TLAERHIFAE (2023-16-01-001) s

DOI: 10.3724/SP.J.1329.2025.01005 FHRIEE (FIEIRS ) FRINAS (OSID) : [o] e

WE Be) KRASEBELIEERRINIRS)RRZEZE B 3 EHF (ADHD)ILEEHELRET
K% AT 4R o A ) AR R AR G AR AE R Go/No—go 5 A TR EKRT, Fik #®I2022F1 A—2023F
8 A TR WILE ERHKS 692146 ADHD JLEAE A BF 53T %, BF ADHD 48 ; B B L BUCF 8 75 37 Vi A 5 2
FAIEEE A 200 EFILEABA L FH(TD L), R 2 A M B RFEE 2 A (SNAP-IV) (8 FmR )+ 4, 18
B NIRS R &)U & K IE a7 8t 10 min # & S8 E ., RF/REFN GRS ik G (HbO,) A ML EKSH
(HbR)Fe B 21 & & (HbT )R &, iF H 2% B A T Iy ab £ 43R B, B AT i3 Go/No—go 44k iF4&
JU 89 B 3 b, B A INIRS #0220 )L & £ Go/No—go &4 ¥ 7 47 vt e R B AR T 6 AL i+ Sk 2
S A TR EKRTE, &R 5 TD4AL, ADHD A8 258 BE 0. % 3P 3t 4 Foat ik 4
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FIRE ST o R BT — 26 5 A i R — S
FRIE, Qe 2 24 Fn B AR . ADHD 1Y
FRIE SRR 2E i I R I AT X AT BB P O R B 45
il A0 54 0 BE A X R85 , DL & T A AR
RS B NEE Rk WA DA =S A1 R 0 -2 1)
I 7 2 2 vy 8 M S5 o7 A1 ) 1) e B X B —

it 3 21 48 6 % 3 R (functional near infra-
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{50, T A 2 21 4R L ET 8 ) (oxyhemoglo-
bin, HbO,) | Jiii 48 1Ml £ 25 F1 (deoxyhemoglobin, HbR)
DA K 8L 21 8 H (total hemoglobin, HbT) ¥ J& %) 48
&, LA SR B B R 1) 36 sl 7K S0 INTRS HA 1
AL, eI e AE B E A 5 D Re G 3k
PR 1R & 45 (functional magnetic resonance imaging,
fMRD) A1 L , INIRS i HAT 8 19 i 7] 43 B 200
NIRS % B ] TR % 5 ADHD 5 1) i 28 25 AL
il s B AR AR IR N H R I R
TR AN RS R — R B AR UG,
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NIRS) BUA& , 7 I R S B AR 2 B4 e il 2 X )L
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FEVE RN 28 HFNREE TR AT AT TR A
A B 22 RS 10 ENIRS K #£% ADHD JLEEY
AT I BEREAST , BIF 5 0 52 g 4 AT 55 (4l Go/No—
go M) A5 £8 LA AT D RE A . A BRSO N B AT
HINIRS B 58 T ADHD JL 2 Fil 8 7 % 5 (typically
developing, TD) JLEEFE Go/No—go 1155 1 I D) RE LI
Fy2E5 . 5 TD LA, ADHD JLEE K D RE Tk
TGV, SR T, AE Z H i FH ENIRS Fl Go/No—go 11: 55
BB FE 0 B T2 YA A M AH G0 1 E AL F AN
— " B, AHIE ST ) NIRS K ADHD JL#E
FTD JLEAE#HEAS T R BN T g% 4298 2 A1 Go/No-
go AT 55 HP I A0 P g J2 ST A% O, LA A e DR 1 P
NIRS - %1112 K ADHD #2415 %

1 IGERER
1.1 e RbsidE
111 Z2WiksifE 54O MBRi 2 g - F it

(%8 5 j2) ) (diagnostic and statistical manual of men-
tal disorders, Sth edition, DSM—-5) %} ADHD Hi2 W .
112 AR O £74 L3k ADHD JLE 2 Wrbr
Y FLIG PR BRI DG 225 B 2% ;@ hE BT
RJLFER 1532 (Chinese Wechsler Intelligence Scale
for Children, C-WISC) 73 >80, ff £ R Gi ki A R Il
HEREE:Q Fi6~12% ;@ fetghic & B4 it
FTENIRS Kl 5 5D & K A SN, 488 F i
&4,
113 HEBRbaE O BA JLEREW 2L A BN
RAESL G P w SRS O ; @ A KRS R
PR Sk A ™ B B TR B JLEE
1.2 —RyeRt

WL 20224F 1 H—20234F-8 H TRWINILEE
B b 2 BHEki2 (1% ADHD JL#E 21 6], B} ADHD 41 ; Jf:
MR ST R X L G T AR 55 T AR R
PSS Z DB/ 20 1 iEH LE N TD A . A2
BRI TF AR N 6~12% 0 24— R L
B, ZRTHEIFEX(P>0.05), BA W M, WL
1o ARMFEE T R L BE B AR H 2 T St
(Wit : 03-127-KO1) , T A7 L3 Je S8 K TE R
A Z I LT S AR

F1 2H—MEBLE (72s)
Tablel Comparison of general data

between two groups (x+s)

5 ) C-WISC
AHl P R/ \
G ’ WA/ 5
ADHD#Zl 21 14 7 891+1.62  99.43+5.24
TD 4 20 15 5 8.724+1.83 101.27-+4.93
2 F &

2.1 R 2 AhBEnE ARREIR

& 87 v i B £ 2 32 (SwansonNolan and Pel-
ham-1IV Rating Scales,SNAP-IV ) (4B} bt ) PEAR &
JE A TR 2 s i A e R 2o R Y 7
R EILMMERE ., 28R TER
AR 2/ el b3 AR E, ENEKH
R 0~34r. BAr=1.641, [ H{§i2 4 ADHD; 1<
I3 <1.643 , WESR /A ST A H N 243 F1/88 347,
A 020 ADHD ; 210 <143, W HERR ADHD™',
2.2 fNIRS %% 4
2.2.1 (NIRSHREARSE R INIRS# A (NirScan,
HH P B A R A A B AS W) ) R 48 3 3 R
AT HbRER A &2, s i ARt B = A
& HbO, HbR I HbT Bk i . %% 45 ]
AL 48 A RGHE B , 7% E PR 10~20 KA T &
7, 78 T A S X, AR R I AR bR 48 438
T K 43 S B M X 3, ZE AP 5 A AT D 2R 45 R )
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DLk X 35 (region of interest, ROI) o ANHF Y B4 ER Y
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31) A7 A i B )2 (Gl iE CH4~8,21~23 .26,
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FE O AL RO RSk

@m@m@@@h@@@hjﬁ@m“
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Note: Blue is the transmitting probe and purple is the receiving probe.
1 481RIEHEFIE

Figure 1 Arrangement diagram of 48 channels
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oS AR b o S 2 RO e (A ) — AN
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% 1% No—go {145 v , 31 52 3 24 5k ) 38 1 A, 4 b o)
PR R & 12 98, R BE AL, 4 7K 08 8] R ™ 4 (8] B
1s . FEFHm, 1 s INATHT 0.9 s A £ 300 &
AL 0.1 s A IR B . TR 2 TEIR YT I
Pz 7 VIR o il sk 50 1 5 0L s ] (e
action time , RT) FIYERA R (accuracy rate, ACC)""',
2.2.3  INIRSEHEA S 534 R NirSpark (11 [E
PHBA B BT B 2 A FR A w20 B 354 4T INIRS
B A H . AP QO B
P H RSS2 2h Ph 5% U8 I I 500 B A G 4 B
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HbR FIHBT ¥} BE AR 5 o AF S48 (8 & — Ff 9 %%
BT A R HR IR B e P . R,
1 A 2547 18 75 X NTRS B4 2817 32 2 Oh b 114 %5
1E o 1z 3l Ol 2 35Sk RSk K & A 7% 5 | kS 1Y
o PR R B e AR U o e 3 R A B[] 371 2 B
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YA, B AT M AT B2 2 A R

%’y“f ﬂfﬁ)ﬂ e AT R ROT, X 432538 38 A7 4,
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ﬁﬁﬁ ,FREHCH BRI ] HbO, AR fb 5 R 28 2 [A] 1 250
T A4 ROLAYF-2 HbO, MR B, Ry R EDERAEFR o
224 FPNEHESHT A T RIS ADHD 4L H1 TD 41
TE Go/No—go 1T 55 W[ 94T Jy R I 25 55, AN 90K
Go 1T:55 19 RT Fl Go/No—go 1T 55 i) ACC AF Ry ¥k Z W
EE I i
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T 2RV, ONHERR AR IE MR R, A, R BB
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TR T I REEAT LLA G B MG T T i 22 8 A ) L 3 Ak £ B 22 4 T A

RS EE UL Goes ) R AL U BCR PIBSLAE BRI ITRITAS I K22 A RO i it Bz J=
Ak . THEBORAT G IS M B RIS IR REIE R AR (P<<0.05) . WL 3 HIE 2.

RBOHATH M. P<0.05 #m 25 H G112 \
B &2 24SNAP-IVER(XBR) TSR (vxs) 5

Table 2 Comparison of scores of SNAP-IV Scale (Parent

3 & R Version) between two groups (¥+s)  Scores
3.1 241SNAP-IV i (ATERIR) P4 b TR I L IR S
5 TD A He , ADHD 2H 4 3 325 BB 1T 43 . 2 5 . W o L4l
EIE RIS B E B (P<<0.05), W2, TDH 20 0.73£0.21 0.43+0.29 0.6940.35
3.2 ZQEH% s ﬂllng E*}ﬁgﬁ’#ﬂ"ﬁ ADHD4 21 2.37+1.34Y 1.19+0.66" 1.65+1.03"

5 TD AL ADHD LA BRI X [ Dyl I TDALILAR 1) P=005
PR L % A A SRR I R 2 A A A R A Note: Compared with the TD group, 1) P<0.05.

%3 22&% = u_.\ﬂlllljl Egggtb@(fi9)

Table 3 Comparison of resting—state brain functional connectivity strengths between two groups (x=s)

TSN A Al PRCL
2ﬂ 1} ﬁl S ﬁ)ﬁ ) » o Enﬁu Eﬁ:n
M B PRI s W R R A A for
TDZH 20 0.33+0.15 0.37+0.03 0.31+0.07 0.53+0.21 0.42+0.15 0.18+0.12 0.21+0.03

ADHD 4] 21 0.06+0.02"  0.1440.05" -0.04+0.01" -0.18+0.09" 0.08+0.03”  0.174£0.05  0.2040.07
5 TDALEL, 1) P<0.05,
Note: Compared with the TD group, 1) P<0.05.

TD 4134 ROT &8Iy R 14 e ADHD 2073 ROT P B I g 34 He i b

Average ROl internal functional connectivity matrix of TD group Average ROl internal functional connectivity matrix of ADHD group

-« e o o @
&
3

TD 2L 1 X [7) D) B 2 2 it ADHD 41k X [71) T B 14 4 508 2
Functional connectivity strength between brain regions of TD group ~ Functional connectivity strength between brain regions of ADHD group
El2 2AMKXHEII6EERERE

Figure 2 The strength of functional connectivity of brain regions between two groups
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3.3 24 Go/No-go L5541 b FR ML
5 TD 4 He#¢ , ADHD 41 7F No—go block i i %
HAL(P<0.05). 2% Go block M1 i 1w i 8] LA

S No—go block [ b B[] Fb A, 22 R o1t 52 X
(P>0.05). W34,

x4 2%HGo/No—goEEZ BT ARIMLE (x+s)

Table 4 Comparison of behavior during Go/No—go task between two groups (x+s)

215 % Go block #ERfR/%  No-go block #EHi*#/%  Go block 5 i i} [f] /ms

No-go block i i} ] /ms

TD4 20 95.76+4.26
ADHD 4 21 93.5444.76

94.534-4.97
87.93+6.54"

372.75+43.21
376.38£32.97

433.87+43.98
442.34446.62

5 TDALHEL, 1) P<0.05,
Note: Compared with the TD group, 1) P<0.05.

3.4 24 fNIRS ¥l Go/No—go 11:55 % *F- ¥ HbO,

Hers Lbis
TE Go/No—go fE: 55 it f2rf, 5 TD 4 L4, AD-

HD 2 59 2235 AN G & B2 2 A TS A0 G A5 B
2 25 S0 T AR I R 2 A P AR I R 2 S
HbO,# AR (P<<0.05) ., W 5HIK 3,

#*5 244 Go/No-goE&ETF I HDO, R EELE (v+5) mM/L*¥mm
Table 5 Comparison of average HbO, concentration of Go/No-go task state between two groups (x+s) mM/L*mm
1 o oM jﬁ GEAL ZE PR P F PR iy pa—_— et
HiAR B )7 A 2 2 it Rz i )z
TDH 20 0.39+0.11 0.32+0.26 0.32+0.09 0.56+0.23 0.14+0.08 0.18+0.16
ADHD 21 0.12+0.11" -0.154+0.11V  -0.0940.02" 0.14+0.12" 0.1340.12 0.1740.09

5 TDA AL, 1) P<0.05,
Note: Compared with the TD group, 1) P<0.05.

TD 4 ADHD 4|
T - BB LD AR B oy, 20 € M U R AT

Note: The redder the color, the higher the concentration; the

bluer the color, the lower the concentration.
B3 2% Go/No-gofE AT HLO,KE L%
Figure 3 Comparison of the average HbO, concentration

in the Go/No—go task state between two groups

3.5 241 SNAP-IV i 4 fll fNIRS £ M Go/No-go
1155 2134 Hb O, e P M PELE R

2 2 SNAP-IV P43 55 Go/No—go 1T 55 25 Hi % -
I HbO, W R A G, WL 6,

40

3+ 6 24 SNAP-IViE4F0 NIRS #&7ll Go/No-go {E & 745 F
¥ HDO, iR BEHR R ML L (vs)
Table 6 Comparison of correlation between SNAP-IV
scale and fNIRS detection of Go/No—go task—
state average HbO, concentration between two

groups (i+s)

A5 FIE SNAP-IVIESr HbOKE  rfH  PIE
TD4 20 0.68+0.28 0.324+0.16 -0.473 0.02
ADHDZH 21 1.744+1.01" 0.14%0.06"” -0.329 0.03

5 TDA AL, 1) P<0.05,
Note: Compared with the TD group, 1) P<0.05.
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4.1 ADHD k2 %M Witbs

ADHD J& — P 48 & & BER TR0 , B 10
JiE R 5 AT D RE B FE A O, A48 s B A il T AR IS
1055 . ADHD A0 R AE TR, (0 H 9 Tt R A AL
il 1 AS A B = AT IR R . BT, 12
Wt ADHD = EAK G DSM-5 H 132 Wibrife , AR 9 )L #
B I PR 36 B AT R e AT 0 A , A4 — 22 1 e,
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W B Z A B R AR . RO R B 2 W T
ADHD JLE#ES 2] R BHA 86y EA R EE L, T
ARk AT BE ADHD E R 5 15 SN i & B )2
JESMUFT A K2 J2 S MR 0 K2 )2 BCRAR  To
B2 kAN B T RERE RS A O&, ADHD JLE YK
i Ty B mk 45 440 0o 4% 41 LR B R . BF X ADHD &
0 T RE 3 2 e e I ) AT 5 2 — A A X 5 1
vEE . A ST N B R R AT 45 T4 T
X ADHD S0 (4 2% F 7 i o 90 a0 e 2 R 0 11
IfeJ5 1 , MONDEN 4 ' 7E Go/No—-go T 55 H i ]
ENTRS 6 A5 ] 7 %5 H %5 ADHD JLEE #4743, L
MR 90.0% , 4 5148 70.0%
4.2 {NIRS o] H+ % ADHD JL # 11y K Jini % 4%
S

REAEXT ADHD JLEE 5 #f 2o AL il A 57 36 2 2R
17 A B i H E] (electroencephalogram , EEGs ) |\ #H
FHLE IMRI 557742k o ADHD JL#E 51 % L3
Z 255 . T8 Z AT F S EMRT R ff 2 JL 2
B ST BEE R, i (MRIAFSE &% #L ADHD JL
B PN R BRI 0 265 PN B e B AR . )
T2 A A 2 AR AR, A0 IMRT 7 B I 2 58 4
P B PR BEL ] AN 1E , %6F ADHD JL 28 8 R i 1 38 i L
DRI | DRI G 75 22 B 6 5 #4008 B AR Sk R A7
E— A BT

NIRS J& — P e 2 G H AR 1 F
TeA I 5 i TR TG Sl A DG Y I S B AR R . AR
Paph 2 MAEFREHLH], S0 2 o0iG BRAT, HbO, Y8 fin,
HbR MK, (NIRS HAT BAERT I P T Hevkas s
PEUF A5 5125 [R5 MRIAH H L, INTRS 38 ELA 5
] 2 35, FE X B3 TS 56T, INIRS 39 b7 FH
TER RGO 9 F 52, B 40 ADHD 2 7.
S INIRS 9 —Fh A SR A=, B E D 1, 38
HFILESRFH . AU RV, INIRS # B AR AT
DLAE 7R 155 & 8 a8 v FORS #foi BEAR 1 T i o) 4%
AR AL, T IR S ADHD JL #8114 kil ) 4% 5
o AWFSE 8] INIRS R4 T ADHD H1 TD # 5,
AR A B A 22 5 R T 2 AN T R R
BE . WLEEH] ADHD 26 rh HbO, ¥ B Fl 1) g 3% B2 i i
KT TD 4, 3 B A7 16 22 55 10 X a7 5 M iy 245 1
B J2 AN AT O R 23X 5 22w IMRIAF 5
ADHD i D) B $ i 45 S — 202
4.3 NIRS 545 % B ADHD JL % 11 I Bh g a4 M
PG B85 J LA ks

BARKLEY""$2 1 ADHD B9 A% 0> B 2 — 21
AP BE S A A5 FE , ADHD JL 8 A PR AT DD g s
BN S TR K2 E YA G . A& - i 2
PSR N ERE | HARZERE R s MRl rh i LT

AEDX o SR AR (U1 Go/No—go 4145 ) J& X 43 ADHD
BEMTD BE MRS 22— Go/No-go (L5
1) 31 20 L SR A FUAT 8 A0 ) o 35 ik & 132 B RO 2
[ HEAT e PR o ZAT 45 T ZEHLIR LS 0 3 6 R Js2 oz 1))
il B = GO T RE . X RN DI REAE B 8 AR T
HOE AR AT D T BN A A2 452 JLEE ADHD (1)
— NBFER A RREY) . R, 2 sE A DL
{8 FH Go/No—go 1T 55 35 R WF 58 ADHD 11 52 b 911
HITHEE . 2300 fd I ENTRS A AF F3 A6 0 2] 22 A5 15 4 Ml
FTAU B )2 A0 P IR INTRS AR H] 9 AD-
HD JLEEFE AT S I AT 55 B 18 22 M i 40 i 1z )23
Ty e B fisk 5 At ol FH i Bl 15 B AR B 0 58— 302
CUBILLO &2 X $0A 1 52 R A il 4T 45 1 JLEE HEA T M-
RUKG A, 25 53 Bom , ZE MR B2 2 9 30% 7K
W, TEARBESE R, R INIRS J5 4%+ ADHD JL #
5 TD JLELE Go/No—go 1155 F Jz J5 ki 2y g 42 122 F3ik
T2 5. ADHD 4 1 TD 20 7E Go block B F2 )i i
] ERTE L) & No—go block 1 52 I I 6] 22 S 41 I 42
P22 5 L, ADHD 41 7E Go/No—go block 4 PG
T TD #H (P<<0.05) ., ADHD JL# 7E Go/No—go 1T %%
HITH] HbO, #e BEAIG, R 5400 i B 258 TD 41 A, FLrp
5 4/ A P R 2R PR A A R 2 R A
TITBA L, 33X 5 2 Wi 4R A B 98 245 SR AR, ZATAY
WFFE 4 7R 7 Go/No—go AT 55 , 5 1E 5 % B 20
AHEL, ADHD JLZE (9 117 45 i HbO, 1R B R A L3800 ok
/BB IEAb A INTRS B 5% & B, ADHD JLEEE 4
M 56 4~ v % 1 (middle frontal lobe, MFC)/F % i
(lower frontal lobe, LFC ) [X 8§ ] G()/No—go £ 55 v i
TIPSR R W INTRS B A 7T F T 5%
ADHD 75 5 W 3 AT 45 Hh 0 i o) RE TG AR 1L
TEAHEZE 3 ok INIRS K90 T ADHD JL # A1l
TD JLEE A BT AR Bz )25 i S5 285 i Dy i o 2 0 B A R
I A AT 55 TG AT T K J2 PG o INTRS 25 T
IR A AL, K e 28 0 305 sh s ] 5 | Ak et g fig 1X
F4) ML 37 248 o 0 0 A B 2, e HbO, 23 i 45U 1
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Observation of Brain Functional Connectivity and Activation Characteristics in Children with
Attention Deficit and Hyperactivity Disorder Based on Functional Near—Infrared Spectroscopy

WANG Jing, LIU Yun’, HUANG Haoyu, WU Jinting, ZOU Zhuo, CHEN Yingjuan, WEI Xianzhao, SU Hang
Children's Hospital Affiliated to Kunming Medical University (Kunming Children's Hospital), Kunming, Yun nan 650034, China
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ABSTRACT Objective To explore the characteristics of functional connectivity in the prefrontal cortex of children with atten-
tion deficit hyperactivity disorder (ADHD) at rest and the level of brain functional activation during the Go/No-go task using func-
tional near and infrared spectroscopy (fNIRS). Methods Twenty-one children with ADHD who visited Kunming Children's Hospi-
tal from January 2022 to August 2023 were selected as the study subjects, namely the ADHD group. Meanwhile, 20 typically deve-
loping children matched in age, intelligence quotient (IQ), and gender were selected as the typically developing group (TD group).
The scores of the SNAP-IV Scale (Parent Version) were compared between the two groups, and fNIRS was used to collect 10-min-
ute resting-state data of the prefrontal cortex of the children. Based on the concentrations of oxyhemoglobin (HbO,), deoxyhemoglo-
bin (HbR) and total hemoglobin (HbT) collected, the functional connectivity strength at rest was calculated for both groups. Mean-
while, the Go/No-go task was selected to evaluate children's response inhibition function, and fNIRS was applied to detect the changes
in blood oxygen concentration levels in prefrontal cortex of the two groups of children during the Go/No-go task, and the brain func-
tional activation levels of the two groups during the task were calculated. Results Compared with the TD group, the attention defi-
cit score, hyperactivity-impulsivity score, and oppositional defiant score of the ADHD group were higher, and the differences were
statistically significant (P<0.05). The fNIRS findings revealed that compared with the TD group, the functional connectivity strength
among all channels and the resting-state brain functional connectivity strength of the left dorsolateral prefrontal cortex, right dorsola-
teral prefrontal cortex, left medial prefrontal cortex, and right medial prefrontal cortex in the ADHD group were lower (P<0.05). By
comparing the behavioral performance scores during the Go/No-go task, the ADHD group had lower accuracy in the No-go block
compared with the TD group (P<0.05). There were no statistically significant differences in the accuracy rate and reaction time during
the Go block and the reaction time of the No-go block between the two groups (P>0.05). During the Go/No-go task, compared with
the TD group, the average HbO, concentrations of the left dorsolateral prefrontal cortex, right dorsolateral prefrontal cortex, left me-
dial prefrontal cortex, and right medial prefrontal cortex in the ADHD group were lower (P<0.05). The SNAP-IV Scale scores of the
two groups were negatively correlated with the average HbO, concentration of the prefrontal cortex in the Go/No-go task (P£<0.05).
Conclusion fNIRS can effectively detect the abnormal characteristics of the prefrontal cortex in children with ADHD at rest and
during the task state. The main abnormalities appear in the left and right dorsolateral prefrontal cortices and the left and right medial
prefrontal cortices. These findings provide imaging evidence for an in-depth understanding of the neuropathological mechanism of
ADHD and are expected to provide new ideas and targets for the subsequent formulation of precise diagnosis and intervention strate-
gies.

KEY WORDS attention deficit and hyperactivity disorder; functional near infrared spectroscopy; blood oxygen concentration;
functional connectivity strength; brain function activation; neuropathological mechanisms
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