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( Abstract )

Effectiveness of Neurofeedback Therapy in Attention Deficit/Hyperactivity Disorders

Chang Seok Joo - Kim Jang Hyun - Min Sang Yeon
Department of Pediatrics, College of Korean Medicine, Dongguk University

Objectives
The purpose of this study is to review the effectivenss of Neurofeedback Therapy in children with Attention
Deficit/Hyperactivity Disorders

Methods
16 randomized controlled trials (RCT) of Neurofeedback Treatment in ADHD from 2009 to 2019 in PubMed
were reviewed and analyzed their methods of assessment, treatment, results and adverse effect.

Results

In 16 RCT, the most frequently used diagnostic tool in ADHD was DSM-IV. Most of the studies reported
Neurofeedback Treatment isn’t superior than placebo or medication group but still effective in ADHD. In 6 out
of the 16 studies, there were no adverse effect reported.

Conclusion
Most of the studies have shown neurofeedback treatment was effective in ADHD symptoms. More clinical studies
are needed to prove the effectiveness of neurofeedback in ADHD.
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I . Introduction

FolE849 AYP5 Aol (Actention Deficit/Hype-

ractivity Disorders, ADHD)& #2 359 &, 3

YBEZ, FFAS UEhhs Agolh), Yuralel 3
4T s ool AREM YTt a2 49

kA A&,

e e oy A th el e, A9
e}t GEA Bausu M4 1749 3.7%2 FAE A,

Fio] E31o)A4 ADHDE oFsollA 2F 5%, 421
oA oF 25%7F IGEH, FA2| vl 2-9:1=, oo}
off Hlaf dofelA] E3teh . 20001 HlFollA A3EH
Mutimodal Treatment Study of Children with ADHD
MTA A7) 2H ADHDS] FHES 7-940lA]
FAdellA 61 d F 43%, 89 F 3092 BHEAY. =
o] A Al et sEA G0N 1.99%, TAE
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Hr, Aol whe} 25l oF 13%, T LSl
Al 7% W2 FRIFH, Lof AA3} dgho g Lo}
At 22l el obee] 30-50%7F HET.

ADHD?| XS 8 & 4 e Ak flovh
DSM (Diagnostic and Statistical Manual of Mental Disorders)-
V-TR, DSM-V & &3l ISFES Il F4st
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Y-8 e T, 7Y A%, AYBTF
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FEIFTT, ORI, PREED O = WSt i Hs,
PR, ZROMEI, ek, WAVUE, PIETLms
of A& IO, 2007 A0 WEH T 7
ofatd Al Aol AHH WMo E S5V 7
Bton, defshr| A s o R JheRRe], AR,
AELH, FULH Tl Tl o] Folxlom, Fef
=T A7s0llA Fef x| Fo] YoF AsTH T
A o 99 A REIAE Basiu?. e
20110l 32 ADHD $hote] XA 5ol Agk AA 4]
Tzl ofsid gt A3t A8s WdE =}tk
L Bk

rEoEue volenEue] g FHT A4
YA EH Q] (Electroencephalograhic Biofeedback)©]Fal
=t HuE 243}, ADHD A=l &7} lthar
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=3} O3 4-8Hy | BEdo] =il =A% e
o, W2 3} (83} 13-20Hz) 9] EEd0] Wrh=
< & Ut TR =2 o213k ADHD $el=2
H7g82 Hut el patel &5e S7M1713, 63t
o] 55 AAATE 98 SO

ofo]l AAp= & AFellA ZejollA FEEHI U=
Ry EHlo) thek A g 9 X5 8HE Lot
2} PubMed Z4-& F3}] Randomized Control Trial
(RCT) A7=< AN, 24 248k, ofte] A4
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II. Materials and Methods

E=Eol AAML pubMed S ARSI AMZRAS
Article types®] RCTE 3}, Publication dates<
10years, Speciess= Human, Agest= Child: birth-18years,

Text availability, Languages, Sex, Subjects & TF& 271
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ol& AgS FA FUTh AMol= ADHD), ‘Attention [I. Results
Deficit/Hyperactivity Disorders’$} ‘Neurofeedback’ < AF
Bato] F 3979 =&o] HAHUT
o] 7k&H protocol®l] T =7 43, FEI =19
X2 a&7e} TH3 =2 4 ADHDS} F-83 =5 1 748 16717772] A7 EF parallel-RCT]™, dou-
A GRS A)§E 2o e gyl B3 = ble-blind-placebo/sham RCT7} 370**%*V " double-blind
B 13, 2obg 4 (184 o)Fh T tiO g F1A] o RCT7} 270727, single-blind RCT7} 1717 21, thx
F o, BUT ATE BN R e Asln TR FE ARTO| AT, AP AnT
F 16719 A5 AW EITH (Fig. D). of 4702207, 2 T3 =W (EMG-feedback)0] 271
RE =20 il xS 0] 8381 Hrlalgon, 42 SO tekgnk AT v ARUlE 61641914
AF4E 2 A7, AW N 8/RE Fad ChstAl EEHAEH, 6-1241<0 7397} 37470
P X245, 22kgol thel] 2SI 7V wskth A A 147004 112902 o
G A2 25700l 1117 A%l
IRk B o e i e = o g
A B3TE 2040312 g oM, 3038)7) 67)7
029305 7} B9kTh (Table 1).
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39 of records identified through Pubmed database searching

7 of records excluded based aon the title
and abstract

-Protocol 3

-Nat about ADHD: 1

1

39 of records screened |— .| -Maot about efficacy of neurofeedback; 3

16 of full-text articles excluded with reasons
-Protocal: 1
-Same RCT reviewed: 11

-Not anly child adolescent(age<18years): 2

1

32 of full-text articles
assessed for eligibility -Effect of neurofeedback applied in different location: 1

-Nat abaut efficacy of neurafeedback: 1

1

16 of studies included in review

Fig. 1. Flow diagram of searching and article selection



72 Effectiveness of Neurofeedback Therapy in Attention Deficit/Hyperactivity Disorders

Table 1. Study Design

1" Author Study design Age Sample size (Male/Female) Treatment period
-NE* group
40 (36/4) . .
Sudnawa KK Parallel RCT 6-12 years NE* group (n=20) 11\ZAPV§$kS :2_14) sessions/week) / Toral: 30sessions
+ - grou
-MPH g =20
group (n=20) 12 weeks (5 mg->20 mg orally twice/day)
91 (72/19) NF*, NF*+MPH' group
. + . .
. 18 3-way multimodel . -NF" group (n=30) 12 weeks (3 sessions/week) / Total: 30sessions
Duric NS Paalll RCT 18 Y9SN MPH' group (0230) -MPH' , NF*+MPH' group
MPH' group(n=30) 1 mg/kg/day / Total: 20-60 mg
¥ T
- MPH g
36 Q719) IIZ)IFw;elcs v seés’zio(;lni/week) / Total: 20sessions
LEE EJ*¥ Parallel RCT" 612 years -NF'+MPH' group (n=18) ¥ :
-MPH' group (n=18) “MPH' group
grovp Not mentioned
NE* group
112 (85/27) 10 weeks (3 sessions/week) / Total: 19-30 sessions
3-way parallel NE" group (n=39) MPH' group
Gelade K® . -1
¢ group RCT 27 MpH' group (0=36) 10weeks (5-20 me, orally twice/day)
pA' group (n=37) -pA? group
10 weeks (3 sessions/week)
16 (12/4) + .
> - Total: 2
Baumeister S% Parallel RCT 9-14 years -NF' group (n=8) I};T;Gggrg(;l;pp/ / ';Ztal' SZZZS;;ZS
-EMG® group (n=8) ) " ’
104 (70/34) -NF* group
+ . .
) 2) * -NF" group (n=34) 3 sessions/week / Total: 40sessions
Steiner NJ Parallel RCT 7, 9 years 1" group (n=34) o7 aroup
-Control group (n=36) 3 sessions/week / Total: 40sessions
. 25 (22/3) + 5
Double-blind -NF', EMG® grou
Q) ~ NE o _ ) group
Maurizio § parallel RCT 8.5-13 years I;:/I Ggé,f(zupp(lz 1?2) 12weeks (2-3sessions/week) / Total: 36sessions
- group (n=
van Double-blind 41 (34/7) NF*, placebo group
- U]
Dongen-Boomsma  placebo parallel ~ 8-15 years -NF* group (n=22) ’ . ) .
M RCT* placebo group (1=19) 15weeks (2sessions/week) / Total: 30sessions
64 (54/10) NE' grouwp
Li 1% z:llflle_igﬁ‘ 7-16 years NFT A MPH' group (0=32) ZI;Z;eI_sIs;lonsr/we;k / Total: 40sessions
el + - grouy
-MPH =32
MP group (n=32) 5-10 mg/day (increased 5 mg per week not more than 60 mg)
29 (18/11) NF* group
Ogrim G Parallel RCT 7-16 years NF* group (n=14) 7-11months (2sessions/week) / Total: 30sessions
-medication group (n=15) -Medication group / 10months
23 (12/11) R '
* - Total: 4
Meisel V2" Parallel RCT 7-14 years -NF' group (n=12) NF Fop / Toral: 40sessions
MPH' aroup (n=11) -MPH' group / 1 mg/kg/day
Double-blind 39 (31/8) N N
Arnold LE® sham parallel 6-12 years -NF* group (n=26) NE ,Asham-NF group .
RCT sham-NF* group (0=13) 2-3sessions/week / Total: 40sessions
. . 35 (26/9) + 5
Single-blind-parall -NF", EMG’ grou
Bakh 29) g par: o B + _ ’ group
shayesh AR el RCT" 6-14 years I;;j[ G§gr(zup p<12n1?>7) 10-15weeks / Total: 30sessions
5 group (n=
41 (21/20)
+ + 1
. 30) * ) -NF" group -NF", SCF" group
Steiner NJ Parallel RCT 11-13 years -SCF" group 4months / 2sessions/week / Total: 32sessions
-Control group (Waiting group)
Double-blind 14 (13/1) +
-NF", Placebo group
Lansbergen MM®  placebo-parallel 815 years -NF* group (n=8) ’ .
RCT" Placebo group (=0) 4-5Smonths / Total: 30sessions
. 94 (77/17) N o
Gevensleben H? mulcisice I:amud 8-12 years -NF' group (n=59) NE -, AST group

RCT

-AST™ group (n=35)

8-11weeks / 2-3sessions/week / Total: 36ssessions

RCT": Randomised Control Trial, NF": Neurofeedback, MPH' Methylphenidate, PA : Physcial activity, EMG: electromyogram feedback, CT 1,

.. .. . .. Jek . . ..
Cognitive training, SCF": attention training through standard computer format, AST : Attention skills training
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AR A A
and Statistical Manual of Mental Disorders, fourth edi-
tiom)¥H ARG AL 9768 pSMEIV e}
ICD-10 (International Classification of Disease-10)2 A}
23 A7) 170", DSM-IVE} SNAP (Swanson, Nolan
and Pelham Rating Scale-IV)& ARESE A7) 17H26),
ARG
A7} 17H32>, Vanderbilt ADHD Diagnostic Rating
Scale?r ARE-8F A7} 1707, PACS (Parent Account of
Children’s Symptoms)2} CTRS (Conners’ Teacher Rating
Scale Revised)E AFESH A771 17027, Semi-structured
clinical interview for parent¥r AREEH AF7F 17177,
ICD-105F AREGH A7} 1710t

ATFNFA 37 )Fo 2 XA FE (Intelligence
Quotient: 1Q)7} 7001741 A7} 37)71829, gpo) <l
AT} 1070192025790 T}, AFThAAL HlA| 7]
o7 FF, B, =27l wiAZIE] @
T7F 270729, Wkl Bl Bkl E A9l gk 414
o7t MiAIZ 12D AT 3, FAgelE A€
T AR Aozt Hﬂxﬂﬂ—%c’] A7 8 & Al
5 o7t Qe A WAZIE] AT 3700

M

7|20 =2 DSM-IV (Diagnostic

DSM-IV€} semi-structured clinical interview=

o)1=
AT O

Table 2. Diagnostic Criteria & Include/Exclude

ZE-NJASHo 2tote] w=u|=H Sijof et Felud

73

o} A Aol g T2 A7)9] o)do] wjA|7]E<d
AT7E 17W?, A1788H el 2 AETA o) do] viA
711 AT 47N 21738k Aol 7} vl A| 7
§1 AF7F 37§50t} (Table 2).

3. REN Tk % A
FEH BAETE DR Fweh WA 3 AR
7} Bkl B4 Bl = }a—1~ CER e

ofe] Y+ Bl IAFde F

FEol WAk Bl Al gt %‘ro}"ﬂ s 37}01] A
H Ad EF2= YHEYE HAAE (Vanderbile
ADHD Diagnostic Rating Scale, Barkley’s Defiant Children:
A Clinician’s Manual for Assessment and Parent Training),
ADHD A% (ADHD Rating Scale for parents:
ARS), U2 HAHE
CRS), o8 Ao ZITA|2El (ADHD Diagnostic
System: ADS), Z&H2] P57oll BAHHE (Disruptive
Behavior Disorders Rating Scale: DBDRS), German diag-
), 437

(Conners Behavior Rating Scale:

nostic system for mental disorders (DISYPS-
52 = (Behavior Rating Inventory of Executive Function
rating scale: BRIEF), Swanson, Kotkin, Agler, M-Flynn

and Pelham scale (SKAMP), Behavioral Observation of

1% Author Diagnostic criteria& inclusion exclusion
-intellectual disability (IQ+<70)
Sud KK -Vanderbilt ADHD Diagnostic Rating Scale” -conduct disorder
na
Henawa -Age: 6-12 years -anxiety disorder
-depressive disorder
JICD-10" -involvement in another clinical trial
Duric NS$®  -DSM-Vcriteria for the diagnosis of ADHD' ~co-morbid disorders other than anxiety disorder or ODD®
-Age: 6-18 years,IQ+>70 -neurological and/or cardiovascular condition
-Treated medicine for different condition
-Co-morbid disorders other than anxiety disorder or oDD?
LEE Ejlg) DSM.IVTR" diagnosis of ADHD -Neurological ‘and/or ca:dio‘vajscular-condition
-Involvement in another clinical trial
-Received NF™ ™ in past
“Full-scale 1Q* <80
-Neurological disord
Gelade K2 -DSM-IV-TR" diagnosis of ADHD curalogical cisarders
-+1Q<80
Contraindications for MRI measuremnts
-Left-handedness
Baumeister $%) -DSM-IV*
aumerster -Co-morbid disorders other than conduct, reading disorder or
ODD*
DSM-IVF -Coexisting diagnosis of conduct disorder, autism spectrum, or
Steiner NJ??  -Age: 7,9 years other serious of mental illness

-Ability to speak and understand English sufficiently

-IQ* <80
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1" Author Diagnostic criteria& inclusion exclusion
-PACS'
-CTRS™
Maurizio §9 8¢ 85713 years
1Q1 =80
-no known neurological disorder
-no severe comorbid conduct, depression or anxiety disorders
-Involved in psychotherapy
DSMIV-TR" diagnosis of ADHD -Used m.edic?tion other than ADHD medication ‘ '
van fullscale 1Q* >80 —Cornorb@ dJSOI:der other t@ ODD® (?r any anxiety disorder
Dongen-Booms ot . + 4 . -Neurological disorder, cardiovascular disease
o) -qEEG ~ deviated at least 1.5 SD" " from normative data . . . L
ma M -Participated in another clinical trial simultaneously
-Received NF* ™ in the past
-Used alcohol or drugs
-Age<T7years
L 1® DMV -Afflicted by severe mental illn'ess A
~fast [3 waves upon EEG examination
-IQ" <80
DSM-IV*
Ogrim G®  Learning disabilities 1Q* <70
-behavioral and emotional comorbidities
-Semi-structured clinical interview for parents
+
Meisel v Q=80 i , ~Comorbid disorder other than ODD®
-Not receiving medicine 2weeks before starting treatment
-Concurring psychotheraphy
-IQ" <80
-Age<Gyears
-Cormorbid disorder requiring psychoactive medication
. -Medical disorder requiring medication that had psychoactive
2 -DSM-IV effects
Arnold LE -SNAP® -Previous NF ™" treatment>5
-Antipsychotic medication within 6 months pre baseline
-Fluoxetine/atomoxetine 4-weeks prebaseline, -Stimulant 1-week
prebaseline
-any other psychotropic medication 2-weeks prebasline
ICD-10
+
Bakhshayesh Q" ~80 . Lo
ARD -No known neurological or gross organic diseases -
-No hyperkinetic conduct disorders or pervasive developmental
disorders
Steiner ij) -Diagnosis of ADHD confirmed by their physician -Coexisting diagnosis of conduct disorder, pervasive
-Sufficient English developmental disorder, other serious mental illness
-Involved in intensive individual or group psychotherapy during
DSM-IV-TRII diagnosis of ADHD the experiment , ,
Q" >80 -Used mf:dlcthlon other than psychog;lmulant? or aFomoxetme
Imsl\dic/igien —qEEGJr * deviated at least 1.5SD' ¥ from normative database —Cornorb@ dlsofder other than QD or @ety disorder
-Room for improvement(average score of more than 1SD' ¥ above —Neu.ro‘loglcal ‘chsorder and. C?Idlow,)scmm discase
the mean on DSM.IVF -Participated Tfﬂother clinical trial
-Received NF™ * in the past
-Used alcohol or drugs
DSM-IV*
Gevensleben -Semi-structured clinical interview -Comorbid disorders other than disorder, emotional disorder, tic
o2 -Diagnostic Checklist for Hyperkinetic Disorders’ ADHD disorder and dyslexia

-Drug-free and without concurring psychotherapy for at least
Gweeks before starting the training

-gross neurological or other organic disorders

Vandrbile ADHD Diagnostic Rating Scale”: Vandrbilt Attention Deficic Hyperactivity Disorder Diagnostic Rating Scale, IQ " Intelligence quotient,
ICD-10" : International Classification of Disease, DSM-1V * Diagnostic and Statistical Manual of Mental Disorders, fourth edition, ODD*: oppositional
defiant disorder, DSM-IV TR Diagnostic and Statistical Manual of Mental Disorders, fourth edition, Text-Revised, PACS": Parent Account of
Children’s Symptoms, CTRS™: Conners’ Teacher Rating Scale Revised, NE* *: neruofeedback, qEEG+ T quantitative electroencephalogram, D F:
standard deviations, SNAP®: Swanson, Nolan and Pelham Rating Scale-IV
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Students in Schools (BOSS), German standardized DSM-
IV questionnaire for ADHD (FBB-HKS), F-5 74
A (Parents’ Strengths and Difficulties Questionnaire:
SDQ), ADHD A4 % IV (ADHD Rating Scale IV),
A 94 JEE (Clinical improvement as meas-
ured by the Clinical Global Impressions-Improvement
scale: CGI-I), DSM-IV parent-teacher questionnaire for
ADHD, Rutter Children’s
Achenbach Child Behaviour Checklist, Peer inteeractions
assessment scale, school report card, FL|sHHE
(global assessment of functioning scale: GAF), 2t & &}
3HA] Aoy 7 = (oppositional defiant disorder rating

scale based on DSM-IV: ODDRS-IV), academic perform-

Behaviour questionnaire,

ance rated by teachers, semi-structured clinical interview
for parents, °FaHAAYFTH/FAE (child behavior
checklist for ages 6-18 for parents: CBCL), Weiss Functional
Impairment Rating Scale for parents (WFIRS-P), Z~$+<=,
=% H= HEA] (Swanson, Nolan and Pelham Rating
Scale-1V: SNAP), Z1HH2} 97 Q142 = (Clinical Global
Impression-Improvement Scale: CGI-S), ¢35 T4
A} (Behavior Assessment Scales for Children-2: BASC-2),
Homework Problem Checklist (HPC), German Rating
Scale for Oppositional Defiant/Conduct Disorders (FBB-SSV),
The Home Situations Questionnaire (HSQ), evaluation
scale®] ©]-8% 3tk

ool Y& g AAFgo] I Hri=T= 3
= A& oFFA AL (Korean-Wechsler Intelligence
Scale for Children-Il: K-WISC-I), # B =44
(Auditory oddball task), A4 EIHA (stop-signal task:
SST), visual spatial working memory task (VSWM), Test
for Attentional Performance for Children (KITAP), 2
S X129 H|AE (D2 Test of Attention), AZAE7A}L
(Visual Continuous Performance: VCPT), H<&&] 7<l
A3 AAL A2 (Wechsler Individual Achievement
Tests-2nd  Edition), FHS AAFAA (Wide-Range
Achievement Tests-4th Edition), Timed math test, ¥&
2 92 A5 A} (Wechsler Abbreviated Scale of
Intelligence), 7 Brain Resource Center computer-based
normed neruopsychological test, 14334 (continuous
performance task), paper-and-pencil attention tests, A%
YA &Y AL (Intergrated Visual and  Auditory
Continuous Performance Test: IVA-CPT)°] |- &% 1T}

glole] sk ¥ Gl Wik BT T

ZE-IIUASEO 2tote] F=u|=H Sutof et ZeiE 75

247 &% 94 (functional magnetic resonance imaging:
MRDZE o]&31o = 31317 ¢35 Encephalo-
fluctuograph Technology (ET), %2} ¥HI}= (quantitative
electroencephalogram: QEEG)7} ©]-8-5| AT}

B7F A7IE Aol whet thstAl xS o
AAX 223} A= 2ol FIRgE A7} 107)7
202990 AR 2, AX Ao} 6701 Foll B A
7} 27082 AR AR, AR FRE, AR AT} 6hE
off H7kek A7 27072, A A, AAAF, 271
Foll 71 A7 19, AR, AAAF, 270
=, 671 Foll 71k A77E 1707010k (Table 3).

4, X|=Z&o}

FEISW oA X5 a9E vl sy
2209] Aol A ADHD 273 7WAlell AR 87} 7
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Wut A8t o] SFEX| S rol] HIs) 2u) o fefn]
Sk &3 Zpol7h Jrkal Bargk A7 17190,
43 9 el FEI =R AlS o] aE
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FEIAsW g okEs Wae F FET B
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ks A7 17017, A1 ADHD 5
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Table 3. Assessment

1" Author Assessment Outcome date

17) . . . . * Pre-treatment
Sudnawa KK -Vanderbilt ADHD Diagnostic Rating Scale
Post-treatment

Parents and teachers report

- Barkley’s Defiant Children: A Clinician’s Manual for Assessment and Parent .
o 1week before treatment initiation
. 18) Training .
Duric NS Iweek after 3-month treatment period
Self-report

- Self-Report Questionnaire designed based on the Self-rated Scale of
Self-regulating Function and the Piers-Harris Children’s Scale of Self-concept

End of the 6-month follow-up period

-K-WISC-1*
-ARS' Pre-treatment
LEE EJ¥ s
-CRS Post-treatment
-ADS®
-DBDRS"
Gelad Kzo) —Auditory oddball task Pre-treatment
a
’ -Ss1! Post-treatment
-VSWM™
i -DISYPS- 11 Pre-treatment
Baumeister S2 ++
- Post-treatment

-Conners 3-Parent

BRIEF * Pre-treatment
Steiner NJZZ) -SKAMP® Post-treatment
-Conners 3-Teacher 6-month follow-up
_Boss"™
-FBB-HKS"
-CPRS™
-SDQ+ ++
2 —BRIEF* ¥ Pre-treatment
Maurizio S P
-CIRS Post-treatment
T, AP# ¥
_KIT AP§§§

-D2 Test of Attention

v -ADHD Rating Scale IV Baseline
Dongen-Boomsma im .

N2 -CGI-I Endpoint
-DSM-IV ™™ parent-teacher questionnaire for ADHD
-Conners’ parent-teacher questionnaire
-Rutter Children’s Behaviour questionnaire Baseline

L1 -Achenbach Child Behaviour Checklist After 20sessions

i
-Peer inteeractions assessment scale After 40sessions
-School report card 6-month follow-up
-GAF™
BTt
-CPRS™
RSt

. 2) P Pre-treatment

Ogrim G -BREIF
VCPT‘-;- o+t Post-treatment
QEEGH
-ADHD Rating Scale IV
-ODDRS-TV* Pre-treatment
Meisel V2 -Academic performance rated by teachers Post-treatment
eise

-Semi-structured clinical interview for parents 2-month follow up
-CBCL"" for parents 6-month follow up

-WFIRS-P™™ for parents
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1" Author Assessment Outcome date

-DSM-IV ™™
-SNAP™
-CPRS™
CmRs'
BRIEF** Pre-treatment
CGLSH+++ After 12-treatment

Arnold 1E® After 24-treatment

-Wechsler Individual Achievement Tests-2nd Edition
-Wide-Range Achievement Tests-4th Edition
-Timed math test

-Wechsler Abbreviated Scale of Intelligence

-7 Brain Resource Center computer-based normed neruopsychological test

Post-treatment

2-month follow up

-EEG activity

-FBB-HKS'"
Bakhshayesh AR?  -Continuous Performance Task

-Paper-and-pencil attention tests

Pre-treatment

Post-treatment

-CRs*
. -BRIEF' Pre-treatment
Steiner Njaoj Gt
-BASC-2 Post-treatment
IVA-CPTF FF¥E
3 -DSM- I\ Pre-treatment
Lansbergen MM i
-CGI-T Post-treatment
-FBB-HKS"
_FBB-SSV5588 Pre-treatment
32) i Intermediate assessment(After 18sessions)
Gevensleben H -HSQ
HpCTmn Post-treatment

. 6-months follow up
-Evaluation Scale

Vanderbilt ADHD Diagnostic Rating Scale”: Vanderbilt Attention Deficit Hyperactivity Disorder Diagnostic Rating Scale, K-WISC-1I":
Korean-Wechsler Intelligence Scale for Children-1II, ARS' : ADHD Rating Scale for parents, CRS' : Conners Behavior Rating Scale, ADS®: ADHD
Diagnostic System, DBDRS": Disruptive Behavior Disorders Rating Scale, ss1': stop-signal task, VSWM™: visual spatial working memory task,
DISYPS- I ™ German diagnostic system for mental disorders, AMRI™ " ; functional magnetic resonance imaging, BRIEF' ¥ : Behavior Rating Inventory
of Executive Function rating scale, SKAMP®: Swanson, Kotkin, Agler, M-Flynn and Pelham scale. BOSS™: Behavoiral Observation of Students
in Schools, FBB-HKS™: German standardized DSM-IV questionnaire for ADHD, CPRS™: Conners’ Parents Rating Scale, SDQ™ " *: Parents’ Strengths
and Difficulties Questionnaire, CTRS' "' Conners’ Teacher Rating Scale, TAP" * ¥ . Test for Attentional Performance, KITAP®™: Test for Attentional
Performance for Children, CGI-I™": Clinical improvement as measured by the Clinical Global Impressions-Improvernent scale, DSM-IV™: Diagnostic
and Statistical Manual of Mental Disorders, GAF: global assessment of functioning scale, ET™ " encephalofluctuograph technology, vepr T
Visual Continuous Performance Test, QEEG* AR quantitative electroencephalogram, ODDRS- TV Oppositional defiant disorder rating scale
based on DSM-IV, CBA": child behavior checklist for ages 6-18, WFIRS-P"™. Weiss Functional Impairment Rating Scale, SNAP™™: Swanson,
Nolan and Pelham Rating Scale-IV, CGI-S™ * ¥ *: Clinical Global Impression-Improvement Scale, Basc2 T
for Children-2, IVA-CPT F¥#%. Intergrated Visual and Auditory Continuous Performance Test, FBB-SSV***; German Rating Scale for Oppositional
Defiant/Conduct Disorders, HSQ""": The Home Situations Questionnaire, HPC": Homework Problem Checklist

: Behavior Assessment Scales

FEIEHE) placebog g3= vk 37]]24’28’3 Do] Sudnawa KK S'72] <A7te) uf=H methylphenidate
A= F 7 BT ADHD 43 93tE ot Fokto 89 (40%)7t FAHEoE A8RZ, ATt
£ 2 Aole] froleld B Aol GTkT BIE & FE BEE sasigon LiL 579 A7 o

T} (Table 4). 3t W& X J5TNA= 7129 methylphenidate F<F
o2 Q& AT FAE-S 5390014 429%71A] HAA
5. HxI2 A3} A0 oFE2] £ 19.6 = 9.8 mgollA 15.2 «

8.2 mgl = TFAIF O, 27 (R oNAE
B2-80] 67%NA 61% = 7450, FEo] &3S
19.2 + 7.3 mgl 2 A=A} (Table 5).

o

oo

107 18.21,23,26,27,29,30,3»9] AT A= Bae 2 9
3ol gk Ao] Qi B2-g 2 AL AF
6772224252830 0] A TLof| A BF FEIjTHl o & 9]
ol Ragw WAEA| gktin Rusigint.
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Table 4, Results of Study

1% Author

Intervention

Control

Results

Sudnawa KK

Parent report

NF', MPH+ improved all ADHD symptoms
No difference between 2groups

Teacher report

NF improved only inattentive symptoms
MPH" improved all ADHD symptoms
MPH" improved better than NF

Duric NS®

NF +MPH"

-lweek after 3-month treatment period

Parents report

3groups: significant changes in all scales

Hyperactivity -> strong change

Attention -> weak change

NF group showed more than double the pre-post change in attention than other 2 groups
-End of the 6-month follow-up period

Teacher, parents reported stable during the follow-up period

NF +MPH"* and MPH" change most

No significant change in self report

LEE EJ%

NF +MPH "

Inattention

NF +MPH " improved better than MPH"

Cognitive variables

NF +MPH', MPH" both changed

But, MPH" were superior or similar with NF +MPH*

Gelade K2

MPH*
PA"

MPH", NF improved inhibition, impulsivity, attention while PA didn’t
MPH" improved better in inhibition, impulsivity, attention than NF" or PA"

+ - > . .. . .
MPH" showed superior effects over NF to improve neurocognitive functioning

Baumeister S

EMG'

* . . . . . -
NF  reduced ADHD symptoms and increased activation in inhibitory control area.

Steiner NJ?

cT
Control

NF made greater improvements in ADHD symptoms and sustained better compared to
both control and CT®

Maurizio S

EMG-BF"

Both group showed similar behavioral improvements
Only EMG-BF" group showed clear improvement in training regulation performance,

specific motor coordination effects.

van Dongen-Boomsma

M2

*

NF

placebo

EEG-NF was not superior to placebo NF in improving ADHD symptoms

L 11®

NF +MPH*

MPH*

NF +MPH " reduced ADHD symptoms and improved in related behavioral and brain
functions

Ogrim G®

NF*

Medication

. . . * s .
Stimulants are effective in ADHD but NF aren’t effective

Meisel V¥

MPH"

Both group had similar reductions in ADHD functional impairment by parents and in
primary ADHD symptoms by parents and teacher
Only NF had significant improvement in academic performance

Arnold 1E®

Sham-NF"

NF and sham-NF* had large improvement on parent rating in pre-post improvement

Two groups had no significant difference in ADHD improvement

Bakhshayesh AR®

EMG-BF"

Primary ADHD symptoms and inattention improvements in NF is higher than EMG-BF"

NF  improved attention and reaction times

Steiner NJ30)

SCF'
Control

NF significantly improved ADHD symptoms
NF  displayed a trend toward lower levels of observed off-task behaviors but not in SCE"

Lansbergen MM

Placebo

Both groups revealed significant improvements of ADHD symptoms

ADHD symptom improvements were similar in both groups

Gevensleben H?

*

NF

P

AST

Improvements in NE were superior to AST™
Behavioral improvements induced by NF  in children with ADHD maintained G-month
follow up

NF": Neurofeedback, MPH": Methylphenidate, PA"

: Physcial activity, EMG' : electromyogram feedback, cr& Cognitive training, EMG-BF":

electromyographic biofeedback, SCF": attention traing through standard computer format, AST™: attention skils training
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Table 5. Side Effects
1% Author Intervention group side effects control group side effects
Sudnawa KK no side effects 8 children GO%) .reported
-poor appetite, weight loss, headache, stomachache
Duric NS* not mentioned not mentioned
LEE EJ*) not mentioned not mentioned
Gelade K? not mentioned not mentioned
Baumeister $%) not mentioned not mentioned
Steiner NJ? no side effects no side effects
Maurizio $2 not mentioned not mentioned
van Dongen-Boomsma M no side effects no side effects
L 11? After 40sessions: 53% After 40sessions: 67%
6month follow-up: 42% 6month follow-up: 61%
Ogrim G® not mentioned not mentioned
Meisel V27 not mentioned not mentioned
Arnold LE® no side effects no side effects
Bakhshayesh AR® not mentioned not mentioned
Steiner N]30) not mentioned not mentioned
Lansbergen MM no side effects no side effects
Gevensleben H*? not mentioned not mentioned
IV. Discussion FEI e Fik= APARE AlNIE, F A9

ADHD9| Z&h2 tjH-E DSM-IV E+= DSM-V ol
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o] 44| o]ol Yeh=d], T2 dolollA] wo] Kol
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o|7} itkal Bardth ADHDY| ¥4 A& k=<l
methylphenidate®] EI-& H71817] el Ha 2-3
F7F destH, itk Shote] A 9olie FARgo)
7H 3 @717k YERUAIRE, YR Stole] ol
2ol Ui AlstAl Uehd bE A8 =2 o
A= gt Aol 715kl wet AYPsT

128, SRRl AaWA A48 4 gow,
S 47, AUl BE wAsld 47 o e

Q7HA] A|4E = Itk ADHD3AFY] 50%°) 3l A
W A gko] Yehe, o] 79 22 #HE ADHD
Stolo] 45-76% M4 X, FREESeE 2 &

2 ol 50%, Bl 339%, 7187l 14%7}t

ax
E}Z,%)

¥ & o oft ox |

3, HERS, E H 99 Tl wet 1 a3t A
o] 4= QITk Cheong 5270l WEM AJGYAIZES 20-30
2, 30-40, 40-5042] =02 AT g F 3
3], F 23], 53] o2 EAARIE], Amold Tl A
Tl w2 23] Bt 5= 33] Al A] Bl B3H
olgh= A= 99| AT AHE sk AV
= ¥y} Fdo] 48417t el A &EHE KRt
HI% Ixgi) meha] £ AFolas F 3315 Al
gk AFE NSO E TE ATl vlE wRI=wo]
oS aipoleks A7 Uk iAol F o=
Nigaaci=s

T N3 - 403] 23, 203] ofs}, 203] o]
3}, 208] Z3-303] ©|3}, 3038 239403] o|3} co 2
arpFolghs AFET7} AUtk o= Janssen 59 A
o)A ADHD 3% 5 Sh5ad 9 J5d s
A3 ko] F7h= il 303 oo wERIEES
AlgYsljoF frojn|g At okl B 34 Ak
S o F A3 A Y Ve YAEHA ot
A717e] Algo] ARAolelE HolAe Fdsith &
Ao A= 303]7) 67))71824202930 5 712} B & o)
A= o, 303] o) AldgE A7} 77|77
032 303] o]st= Al A7} 370701 HE 1



80 Effectiveness of Neurofeedback Therapy in Attention Deficit/Hyperactivity Disorders

S o, F AT FYA 2 ATES B
ZasHel axs ARH o FAa]e oful¢

F3 A7t H Qs Aog BT}

=719 B9 S50l 9500 nlsl axzlolgial
BuEoy SAFOE FofebA] Etom, Hute]
ASe $350| #H= vls| a3=2717F v A e

oL}t 29- ko] gapge] Aol FAIHCE fo
H)ekA] ekokthe s B3l 03l ghe iAol AH
A Fakste] RS Aldshe Ao 83 21 ¢
SR L=

Aol ¢ Cheong o) 2w ARlRTE= A
adol|A Il F hatole) Eke] Afo] mEgh
SAFoZ Fojulgh vhd, Aad HebelME 153}
Ay, et 25, A o= Z7te] apt
7o ZF Fck Alolo] 31 Aol BAHOR H
oJu3lA] 9t o] Byund] H4W7] AN F

11::

shye] wRy = gapt 7P s a0} i)
Hrh
d o] 79 Byun 59 A7l = FAle] 74

¥ 1441164, ARkl 75 1141341014 7P
Z—lo]\j:] /l-hﬂioﬂ [q.a]. ?‘Sh}\l-g_‘:. M} 1:]—2 7-]% %B‘H
R AR a3E ] AsiMe 5 A7
o P8% Hoz Wt

B Ao A AR BE RCT A7777E52] ADHD
A8 87 PR FE FRef wALe] PP B
SheT Wdel #AEE Adgol HA &2 AT 1071
1722262730329} gingle-blind-RCTS! 171272] ¢A7to)| maj
double-blind-sham-RCT 37§*****" double-blind-RCT 2
H23,23)7}_ Lﬂ _Q]U"l 0],9‘ 7—]2_{_1::'_ ;»ﬂ.]j— =] Z"_ }]OL].
Kerson’”ol] 2H Th2 AFE3 28] 723 =90
gk double-blind-sham-RCT2] 73-¢- B 71X SHAIE K
ueo =M, WA o] HEkl A3 FAl= FF
o AFEojof & Ao & FAHAT} Sudnaw 52 AT
Vol A BRIt mAte] vl X5 &de] SAH FEE
o] & g B3l WA E A ofF-ES A7
& 4= 9oL, Minder 5] A7) =W 7o) #
79, FER A, wAR] 92 vro] WS o,
K7} 38]e] wAte| vig] o AdHolta Bl &
ATk

k=X &+ ADHDO 7P Bol ARgE= W
M, 75-80% A=A B3} 9Jom, 7 thEZ|Ql
=% methylphenidate™= P|=olA SFEX5 AE
90% oldollA ARERTEY. B =FollA TR =

o

—Vilii’r

ofEe] Etol BAE Aol B 7P A
FollA Aol arell A F248ol tiFt AFE 8k
ohe =Fo| s/ ENNNo BE =Eo| A&l
of=e] g3 me) g ASA S &2
& GHSISI Li 570 mEd Ry =mo) 18X
57} oFEe] FoF %m HENA oFE FE= 2

ol1, HEXE T8 F ¢/NE7A E} A&EE= A

& Bl 1 HEARS WS SR 4 315 s
He gk
Fhel A9 Kim 5090 9J5 =)=} gel

531l ADHD $Hote] S35 7R g
+ B} v} wEIEW G oSk 57} WeEA|
T @%kou, Ni §0ll 2% ADHDE X =3}17] 9
a3 groleha] WS o] ol ME ek IA 7, Fua
W 59 FreJstx| st 71=e] FeF
A 57t HEEHAS o TS EhH o, gFefo] H]s|

Aoty RO, Yang 50|
T3 4o} 73:] x50 Qb Exfel thigh AAA
ADHD®l i3k JX 58] E3=
T AZ3E FAkgo] AgekA] efot kA
gk A4l gloka Hagh v ok o]F 53l 7]
< ADHDA| &9} =y =W FhoJsta] g o] B9
Holl tigk &3] F7HAQ) A7t 7€ AR §3
&S AAATIA AE Holded 288 o=
ket

d

V. Conclusion

H A9+ ADHDY R3] tigk ¥
20093114 2019 @7HA] PubMed S E31 %sl"ir— A
sled zohd 16709) RCT A7E AT 78 L o
oV, A 71E, FE8A 57 Asde, B2 9 b
S FAOE FAsEl T 22 AiE dioh

2

—Ll_l?:

xﬂ

1. AFAre] AFUlE 612412 A$T) 371E 7}
A wolon FEiowl A3 3037} 671
2 71 st

2. AFTVA 473 A ADHD 2% 71 ZO 2 DSM-
VE o] 43+ A7} 12702 73 wokor, A
Zg7)Zol AZeFo] gool Al A7) 1074,
AAA A7} = AL wjAlEshE A7) o7l E



PubmedZ Z4AiSH 0|

744 Bkt
FEA WK TR HE} TAT) Sl
e B 2/} W3} Bole] 7 3}
A 58 58S BIRRs W0 ol Folzlo.
M, F7ha 02 Gagelst ZA, st A 9
%

=
o

= 9B %

T =2

4. tiF-2e] AgolA FRy|Eo] ofFol| Hs|
ADHD?®| F7704doll a3zl A= o), |
& A B5 a3zl AV sd B &3
Lol fFofmg A3} AT

16708 A7 F FAHE-E AERE 6719 ATl
FrRI| sl ok FAhg-2 giglem,
FRIEWo| FEXFE QI3 748 9 oFE§
Fae] 71ofshs 202 Baskyich

6. TERI M| 3= AR ARIE, F A
Y3, HEFS, 4 2 A% Tl w2t 13
7t BE ¢ Aok

LRI EM 7120 ofEA] 5o H-8ERt ofY
g}, 3koJekal X gole] HRo tidt 9= Y=
7] el % U B2 A e AR H
It

N

to
o>

O

References

Kim KB, Kim DG, Kim YH, Kim JH, Min SY, Park
EJ, Baek JH, Sungs HK, Yu SA, Lee SY, Lee JY, Lee
HJ, Chang GT, Jeong MJ, Chai JW, Cheon JH, Han
YJ, Han JK. Hanbangsoacheongsonyeonuihak (ha).
Seoul: Ui Sung Dang Publishing Co. 2015;2:44-9.
Department of Pediatrics, Yonsei University College
of Medicine. Severance Manual Of Pediatrics. 4th Ed.
Seoul: Yonsei University College Publishing Center.
2013;709-12.

American Psychiatric Association. Diagnostic and stat-
istical manual of mental disorders: DSM-5. 5th ed. Seoul:
Hakjisa. 2015;61-68

Molina BS, Hinshaw SP, Swanson JM, Amold LE, Vitiello
B, Jensen PS, Epstein JN, Hoza B, Hechtman L, Abikoff
HB, Elliott GR, Greenhill LL, Newcorn JH, Wells
KC, Wigal T, Gibbons RD, Hur K, Houck PR; MTA
Cooperative Group. The MTA at 8 years: prospective

10.

11.

12.

13.

5l

slofe| mE2O|=8 S| S A 81

follow-up of children treated for combined-type ADHD
in a multisite study. J Am Acad Child Adolesc Psychiatry.
2009;48:484-500.

Seoul Child Adolescent Mental Health. The report for
2005 epidemiology study: the prevalence of mental dis-
orders of Seoul children and adolescents. Seoul: Seoul
Child Adolescent Mental Health; 2006.

Wolraich M, Brown L, Brown RT, DuPaul G, Earls
M, Feldman HM, Ganiats TG, Kaplanek B, Meyer B,
Perrin J, Pierce K, Reiff M, Stein MT, Visser S. ADHD:
clinical practice guideline for the diagnosis, evaluation,
and treatment of attention-deficit/hyperactivity disorder
in children and adolescents. Pediatr. 2011;128(5):1007.
Felt BT, Biermann B, Christner JG, Kochhar P, Harrison
RV. Diagnosis and management of ADHD in children.
Am Fam Physician, 2014;90(7):456-64.

van de Loo-Neus GHH, Rommelse N, Buitelaar JK.
To stop or not to stop? How long should medication
treatment of attention-deficit hyperactivity disorder be
extended? Eur Neuropsychopharmacol. 2011;21:584-99.
Ferrdn Catald-L6pez, Brian Hutton, Amparo Nafiez-Beltrdn,
Matthew J. Page, Manuel Ridao, Diego Macias Saint-
Gerons, Miguel A. Catald, Rafael Tabarés-Seisdedos,
David Moher. The pharmacological and non-pharmaco-
logical treatment of attention deficit hyperactivity dis-
order in children and adolescents: A systematic review
with network meta-analyses of randomised trials. PLoS
ONE, 2017;12(7):e0180355.

Chang GT. Oriental medical approach to Attention-defi-
cit/hyperactivity disorder(ADHD). J Korean Oriental
Pediatr 2001;15(2):141-165.

Park JH, Park JH, Kim JH, Kim TH, Lyu YS, Kang
HW. A study on the oriental-medical understanding
about inattention, hyperactivity symptom in ADHID(at-
tetnion Deficit Hyperactivity Disorder) -within don yui
bo gam Book-. J. of Oriental Neuropsychiatry, 2004;
14(1):9-25.

Park HC, Kang MS, Kim LH. A Review if Attention
Deficit Hyperactivity Disorder in Traditional Chinese
Medicine. J. of Oriental Neuropsychiatry, 2007;18(2):
35-44.

Li S, Yu B, Zhou D, He C, Kang L, Wang X, Jiang
S, Chen X. Acupuncture for Attention deficit hyper-



82

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Effectiveness of Neurofeedback Therapy in Attention Deficit/Hyperactivity Disorders

activity disorder (ADHD) in children and adolescents.
Cochrane Database of Systematic Reviews, 2011;4.
Clarke AR, Barry RJ, McCarthy R, Selikowitz M.
EEG-defined subtypes of children with attention-defi-
cit/hyperactivity disorder. Clin Neurophysiol, 2001;
112(11):2098-2105.

Pakdaman F, Irani F, Tajikzadeh F, Jabalkandi SA. The
efficacy of ritalin in ADHD children under neurofeedback
training. Neurol Sci. 2018;39(12):2071-8.

Mann CA, Lubar JF, Zimmerman AW, Miller CA,
Muenchen RA. Quantitative analysis of EEG in boys
with attention-deficit-hyperactivity disorder: controlled
study with clinical implications. Pediatric neurology,
1992;8(1):30-36.

Sudnawa KK, Chirdkiatgumchai V, Ruangdaraganon
N, Khongkhatithum C, Udomsubpayakul U, Jirayucharoensak
S, Israsena P. Effectiveness of neurofeedback versus medi-
cation for attention-deficit/hyperactivity disorder. Pediatr
Int. 2018;60(9):828-34.

Duric NS, Assmus J, Gundersen D, Duric Golos A,
Elgen IB. Multimodal treatment in children and adoles-
cents with attention-deficit/hyperactivity disorder: a
6-month follow-up. Nord J Psychiatry. 2017;71(5):
386-94.

Lee EJ, Jung CH. Additive effects of neurofeedback
on the treatment of ADHD: A randomized controlled
study. Asian J Psychiatr. 2017;25:16-21.

Geladé K, Janssen TW, Bink M, van Mourik R, Maras
A, Oosterlaan J. Behavioral Effects of neurofeedback
compared to stimulants and physical activity in atten-
tion-deficit/hyperactivity disorder: A randomized con-
trolled trial. J Clin Psychiatry. 2016;77(10):e1270-7.
Baumeister S, Wolf I, Holz N, Boecker-Schlier R, Adamo
N, Holtmann M, Ruf M, Banaschewski T, Hohmann
S, Brandeis D. Neurofeedback training effects on in-
hibitory brain activation in ADHD: A matter of learning?
Neuroscience. 2018;378:89-99.

Steiner NJ, Frenette EC, Rene KM, Brennan RT, Perrin
EC. In-school neurofeedback training for ADHD: sus-
tained improvements from a randomized control trial.
Pediatrics. 2014;133(3):483-92.

Maurizio S, Liechti MD, Heinrich H, Jincke L,
Steinhausen HC, Walitza S, Brandeis D, Drechsler R.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Comparing tomographic EEG neurofeedback and EMG
biofeedback in children with attention-deficit/hyper-
activity disorder. Biol Psychol. 2014;95:31-44.

van Dongen-Boomsma M, Vollebregt MA, Slaats-Willemse
D, Buitelaar JK. A randomized placebo-controlled trial
of electroencephalographic (EEG) neurofeedback in chil-
dren with attention-deficit/hyperactivity disorder. J Clin
Psychiatry. 2013;74(8):821-7.

Li L, Yang L, Zhuo CJ, Wang YF. A randomised con-
trolled trial of combined EEG feedback and methyl-
phenidate therapy for the treatment of ADHD. Swiss
Med Wkly. 2013;143:w13838.

Ogrim G, Hestad KA. Effects of neurofeedback versus
stimulant medication in attention-deficit/hyperactivity
disorder: a randomized pilot study. J Child Adolesc
Psychopharmacol. 2013;23(7):448-57.

Meisel V, Servera M, Garcia-Banda G, Cardo E, Moreno
I. Neurofeedback and standard pharmacological inter-
vention in ADHD: a randomized controlled trial with
six-month follow-up. Biol Psychol. 2013;94(1):12-21.
Arnold LE, Lofthouse N, Hersch S, Pan X, Hurt E,
Bates B, Kassouf K, Moone S, Grantier C. EEG neurofeed-
back for ADHD: double-blind sham-controlled random-
ized pilot feasibility trial. J Atten Disord. 2013;17(5):
410-9.

Bakhshayesh AR, Hinsch S, Wyschkon A, Rezai MJ,
Esser G. Neurofeedback in ADHD: a single-blind
randomized controlled trial. Eur Child Adolesc Psychiatry.
2011;20(9):481-91.

Steiner NJ, Sheldrick RC, Gotthelf D, Perrin EC.
Computer-based attention training in the schools for
children with attention deficit/hyperactivity disorder:
a preliminary trial. Clin Pediatr (Phila). 2011;50(7):
615-22.

Lansbergen MM, van Dongen-Boomsma M, Buitelaar
JK, Slaats-Willemse D. ADHD and EEG-neurofeedback:
a double-blind randomized placebo-controlled feasibility
study. J Neural Transm (Vienna). 2011;118(2):275-84.
Gevensleben H, Holl B, Albrecht B, Schlamp D, Kratz
O, Studer P, Rothenberger A, Moll GH, Heinrich H.
Neurofeedback training in children with ADHD:
6-month follow-up of a randomised controlled trial.

Eur Child Adolesc Psychiatry. 2010;19(9):715-24.



33.

34.

PubmedZ ZAiSH 0|

Hong CE. Textbook of pediatrics, 9th ed. Seoul: Korea
Textbook Publishing Co. 2003:852-4.

Cheong MJ, Jo HI, Chae EY. Meta analysis on the
effects of neuro-feedback training programme. JKAIS
[Internet]. 2016;17(12):582-93.

35. Janssen TWP, Bink M, Weeda WD, Geladé K, van

36.

37.

38.

Mourik R, Maras A, Oosterlaan J. Learning curves of
theta/beta neurofeedback in children with ADHD. Eur
Child Adolesc Psychiatry. 2017;26(5):573-82.

Byun YE. The effect of neurofeedback training on age
differences groups in adolescence. JKAIS. 2011;12(6):
2561-2566.

Byun YE, Park PW. The Effect of neurofeedback training
on sex differences groups in adolescence. JKAIS. 2011;
12(3):1171-1177.

Kerson C; Collaborative Neurofeedback Group. A pro-
posed multisite double-blind randomized clinical trial

of neurofeedback for ADHD: need, rationale, and

39.

40.

41.

42.

slojo| |y

AL

strategy. J Atten Disord. 2013;17(5):420-36.
Minder F, Zuberer A, Brandeis D, Drechsler R.
Informant-related effects of neurofeedback and cognitive
training in children with ADHD including a waiting
control phase: a randomized-controlled trial. Eur Child
Adolesc Psychiatry. 2018;27(8):1055-66.

Kim JH, Lee JH, Kang HW, Lyu YS, Kim TH, Oh
YL. A case report of typical oriental medical therapy
in combination with neurofeedback on ADHD child.
J of Oriental Neuropsychiatry. 2006;17(3):157-164.
Ni X, Zhang-James Y, Han X, Lei S, Sun J, Zhou
R. Traditional chinese medicinein the treatment of
ADHD: a review. Child Adolesc Psychiatr Clin N Am.
2014;23(4):853-81.

Yang C, Hao Z, Zhang 1L, Guo Q. Efficacy and safety
of acupuncture in children: an overview of systematic

reviews. Pediatr Res. 2015;78(2):112-9.



