http://dx.doi.org/10.4306/jknpa.2015.54.1.62

REVIEW ARTICLE

J Korean
Neuropsychiatr Assoc
2015;54(1):62-68

Print ISSN 1015-4817
Online ISSN 2289-0963
www.jknpa.org

Fo|ZE TUBSIO 059 H2uls
rhst QA olol

Ooooo oo = o
OIMhBtm olntrist YA FYAZiZtolstm AL
12, © 1 = 2 ASp3

Zyol? . gMA - 2314% - 0|52t

Clinical Significance for Neurofeedback Training of Children

with Attention-Deficit/Hyperactivity Disorder

Jeong In Kim, MA"2, Sunkyung Yoon, MA',
Hyun Kyung Oh, MA?, and Seung-Hwan Lee, MD'?

'Clinical Emotion and Cognition Research Laboratory, Goyang, Korea
’Rodem Psychology and Learning Counselling Center, Goyang, Korea

Received October 20, 2014

*Department of Psychiatry, llsan Paik Hospital, Inje University College of Medicine, Goyang, Korea

Revised = December 4, 2014
Accepted January 29, 2015

Address for correspondence
Seung-Hwan Lee, MD
Department of Psychiatry,

llsan Paik Hospital, Inje University
College of Medicine,

170 Juhwa-ro, lisanseo-gu,
Goyang 411-706, Korea

Tel +82-31-910-7768

Fax +82-31-910-7268

E-mail Ishpss@hanmail.net

The aim of this article was to determine clinical significance of neurofeedback training of children
with attention-deficit/hyperactivity disorder (ADHD). Many previous studies showed that the
characteristic pattern of electroencephalogram (EEG) can be found in ADHD children. Neuro-
feedback training is developed based on this characteristic EEG pattern. Theta power and theta/
beta power ratio have been known as useful indicators of neurofeedback training. However, in
Korea, direct analysis of EEG change patterns before and after neurofeedback training is very
rare. We reviewed the current findings of neurofeedback training of children with ADHD, and its
clinical implications were discussed.
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Table 1. Normative distribution of bandwidths at Cz, eyes-open,
and eyes-closed

Eyes closed Bandwidths Eyes-open

16.6 UV Alpha 9.3 uv

12.4 pv Theta 10.7 pVv
8.1 uv Beta 6.4 v
5.1 pv SMR 4.4 pv
1.6:1 Theta-beta ratio 1.8:1

Adapted from Montgomery et al.'” J Neurother 1998;2:1-7.
SMR : Sensory motor rhythm

y_r,]-E 19] z%ﬂopﬂ Z] 1:]-1‘;_1— 2 0]‘— /%Jg]x-] Z]E—J]— =) /\ o]

2o oF 2 9T} 02 qugW = 04-?10117\15 Q-2 utetol A
FQAHEZ the-

H|CH & (Asymmetry)

Theta/beta ratios 2]+ ¥ o] w9 78121t wjuj =
Fu 25 E Hukartifact)7} 45]7]%= ghch £ EEG A7}
Fajol A ez A7 ¥R S35l 45k WA e
2 Zggteh, o]23t o] -2 o2 7Hx] W Eof webA] At
g}O] =) S S Demos“)% T = AJEollA 2t

T A AdEelA] AREAE S5 719 beta, alpha,

Ol

= T
theta-L]~ H| w5kl of H]"’H%‘*é% Rtk &k9ict 1=
Ao A Aol A == & AEjolA RS Bl of
betai= FHHL7} 3231 alphas= 971 21, thetas= H|S:
shohar sEoITh 3 & A AEjollA ASE B wskS
f beta?} thetat= o] alphat= &% : .
olF Edi= -1—5‘44 JJr—rl/} A% v S o]-§shd X
< e &= Qlokar shodct

FRO|EWM SH M29| Lmtol st

19954 Rossiter?} La Vaque*7F A13)3t o1t A3}E Al
B mRIEd gdo] okF X|ge} T2 aitE Helrkal

H 8} Monastra 5779 At A= FRu=w THe
"k Spxjto] SFEARE W2 Sjtol vlsiA FEE ol
olRl= A& Basiglt, wRuEw gHo] Hulhs W}
AA HF % |3 S5 oFShA 7= A o' Helrh

dub2| 0 2 ADHD obg-& 913t 2| =4 912 2714
PR T‘:ll_‘%%q—- A= SMRS 7|9EO.2 3} theta/beta

Ao 7
A=
R
=2

Jﬂi

Mean theta/beta ratios
w
T

8-11 years old (n=65)
5 + . 12-14 yegrs old (n=21)

-
Adult conftrols, age 16-55 (n=11)

Fig. 1. Mean theta/beta ratios data-
base with ADHD and adult group
(eye-opened). Permitted and Adapted
from Lubar et al."® [J Psychoeduca-
tional Assesment (ADHD Special,
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Table 2. Results of the theta/beta ratio meta-analysis of the papers that were recently published
Before After
Subjects : n=38 Theta/beta ratio 2.63 2.63
Neurofeedback Theta 15.53 15.53
fraining+medication Left hemisphere
Yoo (n=19), Beta 5.90 5.89
(2009)® Medication (n=19)
Theta/beta ratio 2.36 2.20
C3, C.:4/20 Right hemisphere Theta 16.7 15.38*
sessions
Beta 7.06 6.96
Before After
Theta/beta ratio 2.86 2.96
Subjects : n=32 AD N Theta 15.12 12.56t
Neurofeedback (n=12)
‘ HD Beta 5.28 4.24*
Neurofeedback ) .
training+medication (n=9), A N Theta/beta ratio 2.66 2.67
Medication (n=11) + Theta 16.16 13.92*
Roh et al. M Beta 6.06 5.20*
(201 Theta/beta ratio 2.89 3.15
AD N Theta 15.63 15.70
. HD Beta 5.40 4.97
C3, C4/20 sessions .
- N Theta/beta ratio 3.37 3.14
cr + Theta 16.73 14.00
M Beta 4.95 4.45
. 1 session 10 session 20 session
Subjects : n=30 .
Kwon Theta/beta ratio 2.35 2.27 2.25
(2012)%" 3, C4/20 sessi Theta 13.21 12.61 12.33
. sessions Beta 568 562 555
= 1 p<0.05, t : p<0.01. ADHD : aftention-deficit/hyperactivity disorder, ADHD-IA : ADHD-inattention type. ADHD-CT : ADHD-com-

bined type, C3 : LH sensorimotor cortex, C4 : RH sensorimotor cortex, M : medication, N : neurofeedback training, N+M : neuro-

feedback training with medication
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