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Abstract

Objective: To explore the therapeutic mechanism of transcranial direct current stimulation(tDCS) in the rehabili-
tation of autism spectrum disorder (ASD).

Method: Twelve children with ASD were recruited for tDCS intervention. Autism Behavior Checklist(ABC),
Autism Treatment Evaluation Checklist(ATEC), Childhood Autism Rating Scale(CARS), and the Psychoeduca-
tional Profile-Third Edition(PEP-3) were used for behavioral assessment. The scores of behavioral assessments
were compared before and after treatment. Five children in the ASD group and 9 typically-developing children
were tested with high-density EEG under the task of social scene picture naming. They also received head mag-
netic resonance image scanning for source reconstruction. On the source level,the EEG activity characteristics
were analyzed by comparing the ASD group and the typically-developing group. The brain activities of source
level were also compared before and after therapy.

Result: After tDCS treatment, the score of ABC, ATEC, CARS, and the total score of PEP-3 were all im-

proved, and the components of PEP-3 were significantly improved except for the expression of emotion. High-
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density EEG analysis suggested that the activation pattern of hot brain regions after tDCS treatment was more

similar with the normal naming pattern. The comparison of hot spots before and after tDCS treatment showed

no significant difference in activation, but there were differences in hot spot location and functional system dis-

tribution.

Conclusion: Based on routine rehabilitation, tDCS therapy can improve the clinical symptoms and behavioral

measurements of children with ASD and promote the transferring of their brain functional activation to the

mode as typically-developing children.
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il kM, HEZ5 T A& 41212 (autobiographi-
cal memory ) A ¢ [ i X 2% , FoAE ASD B35 A7
FESRE R ™ FE AR B IEAR DG B D REFE HE /L o skt
IRA RS R B il 2 AE 55 Rk R E
B SCHR AR TP 2 000 78 45 ZH AR P R
FEIRYTHT , JE M3 G 3R G AU 22 A 4
TEYRIT IS, BEARTEU T 1] J5 3B Ay 16 BREE 55 TD 4G
W E S AR GRS . FE TD A, W LA 3
T RTHTER ARV E 55 B A, R T 2
Ji At G X R . 455 ASD LG F Ab
FRAAT M A4 s, AT LABR IR tDCSIRYT 58k 14
Z 5 0TE SCRREEBOE 3, NIMTTEAT A2 st
M ARURETEIRYT S IR LRI X R Ak
FI, 00T LS RE tDCS 3 3 34 5 A— 101 28 298 1 Al
WTIA R GER IR T S AR TR 2404, D
Ko e AIOMORE PPAZ A A -3 H 43
AR E (DCS B35 ASD )L #4H 38 A8 71 ki)
Rl ST ARG TR s B A AR . B, 5
BOFEASECH /D, i ELI G H 1 B i Tk A
i, ASD [LIYTE 26 oy 2 B N R I 52 . TR
GRS A (4 75 I TR 12 B A2 LA 5 491
SE R TR 45 SR AT g 2 2 28 LA B e
BCAS 52 . A5 SRR K IAIRE PEAZ 1 45
THAFRNAS T CE , d ] GER N EEG HI MRIAS:
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M P A PRTEIECT , it — PR
FERFEAS o LU A ST B (8 %ot B 2H AR AR
FIVCRC, ME4R At 1 AH R4S By S % & ) L3 Y
G R ARSI 235 58 M DR i A i B L B A S R P RN
TR RGOS TD JL#E I A2 tDCS H
P, 1T DCS AT AT 27 RO, 2R FH RS2 AICMUAE JL
FIRIT RIS A SR, AP W . i
Jei s M EL S o A i R R BBl Jil D RE i
ASDWIFEMIFE IR Z — o &I il BAEY REEA 1Y
HER b, AN [RABUBE b A S BE RO 25 HEA T BT

4 g

AHFFEAE/IEAS IR B 06} B S BGBE A |-, 5 tDCS
IRYT T3 ASD HBULAT N 2F R BB AL T 8 10 S Hr
WEHE . Al A7 45 B HD-EEG Kl A4 53 U5
TR, A tDCS BB ML B AL T v e A FAK
o AR AL S5t B R U 55, Al
tDCS ¥R ASD & 1AL A2 (5 BAL FRALHI AL T fini
IR b FB . &8 b R MR E T WL I,
tDCS JAYT I s R, F08 (5 3 b A 22 M
SN T RETS shA ) 5 8L % LA A

S Lk

[1] Cooper R. Diagnosing the diagnostic and statistical manual
of mental disordersfM]. New York, USA: Routledge,
2018. 1—95.

[2] Xu G, Strathearn L, Liu B, et al. Prevalence of autism
spectrum disorder among US children and adolescents, 2014-
2016[J]. JAMA, 2018, 319(1):81—82.

3] X%, BRBEDr, WRocHE, 5. LSRN S 3R REs 0
F Meta 3 Hr[J]. P EDJLEESE, 2018, 26(4):402—406.

[4] Monz BU, Houghton R, Law K, Loss G, et al. Treat-
ment patterns in children with autism in the United States
[J]. Autism Research, 2019, 12(3):517—526.

[5] Casanova M, Baruth J, El-Baz A, et al. Repetitive transca-
nial magnetic stimulation (RTMS) modulates event-related po-
tential (ERP) indices of attention in autism[J]. Translational
Neuroscience, 2012, 3(2):170—180.

[6] Amatachaya A, Auvichayapat N, Patjanasoontorn N, et al.
Effect of Anodal Transcranial Direct Current Stimulation on
Autism: A Randomized Double-Blind Crossover Trial[J]. Be-
havioural Neurology, 2014, 2014:1—7.

[7] Goémez L, Vidal B, Maragoto C, et al
brain stimulation for children with autism spectrum disor-
ders: a short-term outcome study[J]. Behavioral Sciences,
2017, 7(4):63.

[8] Osorio AAC, Brunoni A R. Transcranial direct current stimu-
lation in children with autism spectrum disorder: a systemat-

Non- invasive



PHAEACZ 4L 20214F, 45364, 45 13

(9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

ic scoping review[J]. Developmental Medicine & Child Neu-
rology, 2019, 61(3):298—304.

Barahona-Corréa J B, Velosa A, Chainho A, et al. Repeti-
tive transcranial magnetic stimulation for treatment of au-
tism spectrum disorder: a systematic review and meta-analy-
sis[J]. Frontiers in Integrative Neuroscience, 2018, 12:27.
Patton MQ. Qualitative research & evaluation methods: In-
tegrating theory and practice[M]. 4th Ed. USA: SAGE Pub-
lications, 2014: 283.

Tanet A, Hubert-Barthelemy A, Crespin GC, et al. A De-
velopmental and sequenced one-to-one educational interven-
tion for autism spectrum disorder: a randomized single-
blind controlled trial[J]. Frontiers in Pediatrics, 2016, 4:99
Mohammadi MR. The validity and reliability of autism be-
havior checklist in Iran[J]. Iranian Journal of Psychiatry,
2015, 10(3):144.

Magyar CI, Pandolfi V. Factor structure evaluation of the
childhood autism rating scale[J]. Journal of Autism and De-
velopmental Disorders, 2007, 37(9): 1787—1794.

Dawkins T, Meyer AT, Van Bourgondien ME. The Rela-
tionship between the childhood autism rating scale: second
edition and clinical diagnosis utilizing the DSM-IV-TR and
the DSM-5[J]. Journal of Autism and Developmental Disor-
ders, 2016, 46(10): 3361—3368.

FERL. PEANLEAFTF A O, 1983, 15
(3):268—275.

AIEE . G 2 SRR RN BES W ANG YT L
BRZIGRI]. A LRHE, 2020, 58(3):188—193.
Amatachaya A, Jensen MP, Patjanasoontorn N, et al. The
short- term effects of transcranial direct current stimulation
on electroencephalography in children with autism: a ran-
domized crossover controlled trial[J]. Behavioural Neurolo-
gy, 2015, 2015:1—11.

Yu L, Zhu X, Shek DTL, et al. Validation of the simpli-
fied Chinese psychoeducational profile third edition in main-
land China[J]. Journal of Autism and Developmental Disor-
ders, 2019, 49(4):1599—1612.

Teh EJ, Yap MJ, Liow SJR. PiSCES: Pictures with so-
cial context and emotional scenes with norms for emotion-
al valence, intensity, and social engagement[J]. Behavior
Research Methods, 2018, 50(5):1793—1805.

MBI F IR YT M DGE NS LR 5E[D]. M
AU MAUIER:, 2015.

AR, MRAR, VLB DU A4 TR SCRFIE ARG A A ).
R B Beof 4, 2015, 30(11): 1118—1124.

FHIR, ML, BhEnlE, 5. FZEE R e S AR B K
REVEIBEFE[T]. A R 244k, 2020, 35(7):801—807.
Joshi AA, Choi S, Sonkar G, et al. A whole brain atlas
with sub-parcellation of cortical gyri using resting fMRI[C]/
STYNER MA, ANGELINI ED. Proceedings of SPIE, Med-
ical Imaging: Image Processing. 2017, 10133:1013300—9.
Muldoon SF, Pasqualetti F, Gu S, et al. Stimulation-
based control of dynamic brain networks[J]. PLoS computa-
tional biology, 2016, 12(9):e1005076.

Hassan M, Benquet P, Biraben A, et al. Dynamic reorga-
nization of functional brain networks during picture naming
[J]. Cortex, 2015, 73:276—288.

McVoy M, Lytle S, Fulchiero E, et al. A systematic re-

(27]

[28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

view of quantitative EEG as a possible biomarker in child
psychiatric disorders[J]. Psychiatry Research, 2019, 279:
331—344.

Brihadiswaran G, Haputhanthri D, Gunathilaka S, et al.
EEG-based processing and classification methodologies for
autism spectrum disorder: a review[J]. Journal of Comput-
er Science, 2019, 15(8):1161—1183.

Swatzyna RJ, Boutros NN, Genovese AC, et al. Electroen-
cephalogram (EEG) for children with autism spectrum disor-
der: evidential considerations for routine screening[J]. Euro-
pean Child & Adolescent Psychiatry, 2019, 28(5): 615—
624.

Lau-Zhu A, Fritz A, McLoughlin G. Overlaps and distinc-
tions between attention deficit’/hyperactivity disorder and au-
tism spectrum disorder in young adulthood: Systematic re-
view and guiding framework for EEG-imaging research[J].
Neuroscience & Biobehavioral Reviews, 2019, 96:93—115.
Michel CM, Brunet D. EEG source imaging: A practical
review of the analysis steps[J]. Frontiers in Neurology,
2019, 10:325.

Jan RK, Rihs TA, Kojovic N, et al. Neural processing
of dynamic animated social interactions in young children
with autism spectrum disorder: a high-density electroenceph-
alography  study[J]. in Psychiatry, Frontiers,
2019, 10:582.

Bikson M, Grossman P, Thomas C, et al. Safety of tran-
scranial direct current stimulation: evidence based update
2016[J]. Brain stimulation, 2016, 9(5):641—661.

Ardila A, Bernal B, Rosselli M. Why Broca’s area dam-
age does not result in classical Broca’s aphasia[J]. Fron-
tiers in Human Neuroscience, 2016, 10:249.

Koshy B, Thomas THM, Chitra D,
analysis of language areas of the brain and its clinical asso-
ciation in children with autism spectrum disorder[G]/GU-
LYAS B, PADMANABHAN P, FRED A L, et al. ICT-
MI 2017. Singapore: Springer Singapore, 2019:91—103.
Sheffield JM, Repovs G, Harms MP, et al. Fronto-pari-
etal and cingulo- opercular network integrity and cognition
in health and 2015,
73:82—93.

Sadaghiani S, D'Esposito M. Functional characterization of
the cingulo-opercular network in the maintenance of tonic
alertness[J]. Cerebral Cortex, 2015, 25(9):2763—2773.
Grill-Spector K, Weiner KS. The functional architecture of

Frontiers

et al. Parcellation

schizophrenia[J]. Neuropsychologia,

the ventral temporal cortex and its role in categorization[J].
Nature Reviews Neuroscience, 2014, 15(8): 536—548.
Patriquin MA, DeRamus T, Libero L E, et al. Neuroana-
tomical and neurofunctional markers of social cognition in
autism spectrum disorder[J]. Human brain mapping, 2016,
37(11):3957—3978.

Apps MAJ, Rushworth MFS, Chang SWC. The anterior
cingulate gyrus and social cognition: tracking the motiva-
tion of others[J]. Neuron, 2016, 90(4):692—707.
Sapey-Triomphe LA, Boets B, Van Eylen L, et al. Ven-
tral stream hierarchy underlying perceptual organization in
2020,

adolescents with autism[J]. Neurolmage: Clinical,

25:102197.

www.rehabi.com.cn 45





