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Abstract
networks, which is of great significance to the analysis of brain dysfunction. In this paper, the brain function network

The brain functional network is an effective method to analyze the connection relationship between complex

of each frequency band is constructed based on the direction-transfer function (DTF), of frequency domain Granger
causality analysis. Graph theory method was used to analyze the network average degree, global efficiency and average
local efficiency of brain network of autism spectrum disorder (ASD) children in two groups pre-/post-transcranial direct
current stimulation (tDCS) under the optimal threshold values, and compare the auxiliary intervention effect of tDCS on
brain function status in ASD children. The results showed that the graph theory characteristics of the pre-tDCS group
were lower than those of the post-tDCS group in each frequency band (P < 0.05), and there were significant statistical
differences in local efficiency in Theta and Low-beta bands. It is suggested that tDCS intervention is an effective method
for the treatment of ASD children to a certain extent.
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Fig.2 The DTF connection matrix of each frequency band of children in the group post-tDCS

F 1 BPBETRIBETEMA ASD JLE A DTF &

Table 1  Total global brain DTF of ASD children in both groups before and after stimulation
DTFsum Theta Alpha Low-beta High-beta Gamma
Before 14.88 +£0.015** 14.86 + 0.011*** 14.82 + 0.020*** 14.84 +0.012%* 12.41 £ 0.054***
After 14.96 + 0.006 14.95 4+ 0.005 14.93 + 0.006 14.91 +0.005 12.98 +0.084
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Table 2  Threshold statistics of theta band average, global efficiency, average local efficiency

Theta D FEciob Eroe
p < 0.05% 0.001 ~0.081 0.001 ~0.078 0.095~0.1 0.001 ~0.058
p < 0.01%* 0.001 ~ 0.080 0.001 ~0.008 0.01 ~0.013 0.001 0.002 0.01 ~0.053
0.072~0.074 0.099 0.1
p < 0.005%** 0.051~0.077 0.014 ~ 0.047

# 3 Alpha SIBCFHE . 2RBE. FHREICERES T E
Table 3  Threshold statistics of alpha band average, global efficiency, average local efficiency

Alpha D Eciob Eroec
p < 0.05* 0.001 ~ 0.045 0.052 ~ 0.059 0.001 ~0.038 0.001 ~0.083
p < 0.01%* 0.003 ~0.012 0.018 ~0.021 0.006 ~ 0.013 0.015 0.002 ~ 0.083 0.047
0.049 ~ 0.067
p < 0.005***

%4 Low-beta SUBCFHIFE . 2R SFERFACRRE S TR

Table 4  Threshold statistics of low-beta band average, global efficiency, average local efficiency

Low-beta D EGlob ELm:
p < 0.05%* 0.001~0.063 0.093~0.1 0.001~0.042 0.088 ~0.1 0.001~0.072
p < 0.01%* 0.002 ~0.012 0.021 ~0.025 0.003~0.013 0.093~0.1 0.002 ~ 0.004 0.012~0.042
0.027 0.038 0.046 ~ 0.048
p < 0.005%** 0.018 0.025~0.03
0.032~0.038

%5 High-beta SBCVFEIE . A RME . PR RIES TR
Table 5  Threshold statistics of high-beta band average, global efficiency, average local efficiency

High-beta D Egiob Eroc
p < 0.05* 0.001 ~0.056 0.092~0.1 0.001 ~0.053 0.098 ~ 0.1 0.001 ~0.038
p < 0.01%* 0.002 ~0.03 0.032 ~0.034 0.002 ~0.018 0.022 ~0.024 0.002 0.003 0.014 ~0.018
0.036 0.01 0.011
p < 0.005%%*

6 Gamma MBCPHE . SR TRREEHAGERES TR

Table 6  Threshold statistics of gamma band average, global efficiency, average local efficiency

Gamma D FEciop FEroc
p < 0.05* 0.001 ~0.083 all 0.001 ~0.017 0.026 ~ 0.036
0.038
p < 0.01%* 0.002 ~0.078 all 0.002 0.003 0.028 0.029
p < 0.005%** 0.046 ~0.071 0.053 ~0.095

VE: all F/R Eglob 7EBI{E 40 Bl % 7 B & 502 p < 0.05% fil p < 0.01%*,

F, RO BERA A I A 5 L, R 33 BHERME TS5
o b MAGTRRMRENINEES g RENIT, S 0FRIES R
EERAAT P W 8 BT B AN R, TS AL 2
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Table 7 Threshold of graph parameters of brain network in two groups of children before and after stimulation
Theta Alpha Low-beta High-beta Gamma
T 0.045 0.038 0.025 0.036 0.029
D k% * ko *k *3%k
EGlub * * * * kok
ELOC skkk kok skkk * kok

Ve BB *p < 0.05, **p < 0.01, ***p < 0.001

R8I fEBE T BT S A T B
Table 8

after stimulation under optimal threshold

Average degree of brain network before and

K10 BRAEBME T R 5 0 2% Jo i 20
Table 10  Local efficiency of pre-and hindbrain network

stimulation under optimal threshold

IIES Before After
Theta 13.444+0.389 14.65 £+ 0.300**
Alpha 15.59 +0.526 16.69 + 0.343*

Low-beta 16.92 +0.609 18.52 + 0.393**
High-beta 16.81 +0.580 18.42 £ 0.402**
Gamma 16.78 £0.519 18.56 £ 0.379%*

i BEE *p < 0.05, ¥Fp < 0.01, ***p < 0.001

AR BAE TR TRIBUE 4, IR A St
PEZ 5, {H2 Alpha B A0 Theta #EL . fik-Beta
BB mi-Beta MU AT Gamma SUB G 1H: 2Z% 57 2
#.

TR i 199 2L AN [R]85 1 4 Jeg 2808
WL 9 Fron. ¢ WG, KPR BUE £ S B T
BA GE it 22 v R0 25 1 i 9 2 4 =) 250 R AE
TAE T AR T RS 4, b Gamma SEL EE
Alpha #iiB . Theta #iE . {K-Beta B &-Beta
BB IR 22 S 3 3 MR B

RO I AHEBIE T RISAT 5 N R 4% 4 R R

Table 9  Global efficiency of pre-and hindbrain network
stimulation under optimal threshold
LI Before After

Theta 0.544+0.017 0.58 +0.013*

Alpha 0.624+0.021 0.66 +0.013*
Low-beta 0.6540.024 0.70 £0.015*
High-beta 0.65 4+ 0.022 0.70 £0.016*

Gamma 0.68 +0.023 0.76 £0.014**

i B *p < 0.05, ¥*p < 0.01, ¥**p < 0.001

WIZR 10 Frox, RRIBET JE PR ALAE S4B T i
DX 28 1 JR 3R AL, ¢ A, TR 2 1 i D) 8% S
ERCRSME T RIS A, JFFHMEA g =R, K
1 Theta #EFK-beta ST BG BE M ZE R,

BB Before After
Theta 0.90 4+ 0.004 0.91 +0.003***
Alpha 0.9140.002 0.92 £+ 0.002**

Low-beta 0.93 +0.002 0.94 £ 0.002***
High-beta 0.93 +0.001 0.94 £+ 0.002*
Gamma 0.894+0.002 0.76 £ 0.002**

H: REE *p < 0.05, ¥*p < 0.01, ¥**p < 0.001

4 ZEip

ARSI T E AR PR BTV, M AUMAE )L
20 ELIAL HL R BT S5 I D RE R 2% . BT R R A M
2503 M I VAR TR I DR R M 2 3 AT B A e i, T
S DIREM 2% DTF JEFE(E. 7 bride S R, K
DTF HE [ Aoy —EAT 17 1B, BFTE R 45 KT 28 2
2R RR IR EM RS, &t RS
THo A DAL S i 1 22 S R 7T 20 0 LU LRI Bk
TP IMUAE ) L2 i 2 RE 99 2% B 5

W0 4 1 25 B 5 I 48 PR s R BE IR 5%, 22 )R 2%
R I 2% A 2 J Y L P45 S A AT IS AR B
[P 2 (1 J 308 850 26 S Bk T I 4% J A5 AR e ). @
REBIE ST 53 A R AT LA B IE HF E R
BRI R BRI T R 4 (P < 0.05), i)
20 P L PRI U AOCARE A8 ) L A M o 4% s i
JE 4Ry v BRI ) 0 9 T A5 B AR e 0 #1211
—E MR, K REAERG I ERERONEE, T
HJ2 £ Theta SBRUIG-beta B 1 R, #2
~ ASD B LK Ty BE W 2% 1) Ja 83 4% g 70 AT LA
i tDCS T-Hif5 21BN IR 32T, A7 ddEiaid
ABC &R p#r, 45 R%KW] ASD JLEK) ABC &%
B BRI, /IR AE. B3 IBF AR
W RE 1 AN J7 AT B, JC AR TE F RE 5 T 2
HT K, BORBONRW, THE ASD JLERILRE
A PTECE, XY RN RN B AR RE ) 1 0, ASAERE
itz w0, SR IR ARG 2, H 5 R
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BEAG, BEARIKP 25T . 26 i v s A AT D et
43 #T, tDCS X ASD SERA —sE MAEH, Bl
fE— @R LT DR N1 ASD A T B, &
ASD JUEF T AT R4t — 5% K.

ABLA W FE =, 2 T Granger IR %>
AT A S F) i D E ) 2% 4 32 0 AN e e 4 I ASD il
R BRI H 25— P 7t. hT ASD JLE
K104 Lh e 2 B8 76 4 e (A2 4 T 2032, ARORATS 75 IR TT
AFFER B ASD JLEZ 5t tDCS T i D g
W4 2 A AL AN AR, PABD T3 — 2B AESE tDCS
B0 ASD JLE HIVRIT RCR.
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