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Electroencephalographic Changes Induced by a Neurofeedback Training :
A Preliminary Study in Primary Insomniac Patients
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Objectives: Insomnia is one of the most prevalent sleep disorders. Recent studies suggest that cognitive and physical arousal
play an important role in the generation of primary insomnia. Studies have also shown that information processing disorders due
to cortical hyperactivity might interfere with normal sleep onset and sleep continuity. Therefore, focusing on central nervous sys-
tem arousal and normalizing the information process have become current topics of interest. It has been well known that neu-
rofeedback can reduce the brain hyperarousal by modulating patients’ brain waves during a sequence of behavior therapy.
The purpose of this study was to investigate effects of neurofeedback therapy on electroencephalography (EEG) characteris-
tics in patients with primary insomnia.

Methods: Thirteen subjects who met the criteria for an insomnia diagnosis and 14 control subjects who were matched on sex
and age were included. Neurofeedback and sham treatments were performed in a random order for 30 minutes, respectively.
EEG spectral power analyses were performed to quantify effects of the neurofeedback therapy on brain wave forms.

Results: In patients with primary insomnia, relative spectral theta and sigma power during a therapeutic neurofeedback ses-
sion were significantly lower than during a sham session (13.9 £ 2.6 vs. 122 £ 3.8 and 3.6 + 0.9 vs. 3.2 £ 1.0in %, re-
spectively; p < 0.05). There were no statistically significant changes in other EEG spectral bands.

Conclusion: For the first time in Korea, EEG spectral power in the theta band was found to increase when a neurofeedback
session was applied to patients with insomnia. This outcome might provide some insight into new interventions for improving
sleep onset. However, the treatment response of insomniacs was not precisely evaluated due to limitations of the current pilot
study, which requires follow-up studies with larger samples in the future. Sleep Medicine and Psychophysiology 2019 ; 26(1) : 44-48

Key words: EEG - Insomnia- Neurofeedback- Spectral analysis.

1997)0]t}. &S At A A=) 2]l 2}
I

LY
upE, A2, A A SRR FEE

o] =712 YeRdth (Bonnet2} Arand 1995 ; Vgontzas %
2001 : Rodenbeck & 2002). ¢1A]4 AL 2Aeo) &
[e]

soldk =l AlZto|u = §x]9] ofFg, B Ha T o FAGHo|a B Azbo] 2402 et
e 71 QEOI EA] = HES S48 HA(Perlis 5+ Z0Z o FARS JuRE ] ooy} Ay} 7lan
w3 oA S A= o = UERATH(Libman 5 1997).

=T T ARl wis galA] AEFH 2 it 7l

Received: June 3, 2019/ Revised: June 20, 2019 / Accepted: June 24, 2019

=S 20165 ATk Sha e gdu] Rl ot A4,

Zlo|mtslsta S3tolsl sty Graduate School of Integrative Medicine, CHA University, Phochun, Korea

250}011 DongAhllBo, Seoul, Korea
‘A4l KoSleep Clinic, Seoul, Korea

folxﬂfﬂﬂ"’ AAANTE Y Department of Healthcare IT, Inje University, Ghimhae, Korea
2polupst ekl HAIAZF WAl Department of Psychiatry, School of Medicine, CHA University, Seoul, Korea
Corresponding author: Jong Won Kim, Department of Healthcare IT, Inje University, 197 Inje-ro, Ghimhae, Korea

Tel: 055) 320-4130, Fax: 055) 320-4129, E-mail: jongwonkim@inje.ac.kr

TERO|E80] o3t t|uf Hst



@ﬂr ‘T“_‘I'r’zloﬂ Egol He *ﬂEPﬁJrQ} Al Z1upake] HlE-E
Aoz g b wWhE Hupel welule] 4t A vlEol
= A= NREM Alofl e Hefe} Zmfato] vgo] &t}
(Perlis - 2001).

23| =9 (neurofeedback)Z Hio| 2 u] =1l o] 3} £70]
o, EHZ] tiek HofEA|9l A& W F shubolt), Hle]
Qu=ue Ao A7 e dE = AR 5 ot 3
B o] ATz wptojA] sl Aol Al Agshe T wpgof A 1]
74A]. AT x}/\lg,] A& J-2-2 0];(]—5‘]-‘7 2AEF 2 o)
5 Eob o ) Hiol e u| =L g Esta o 2=
E74 22540l &bk, ulo] o Eulo] ALgEE 4
NETL Hskel 498 B8] L2vlsuoleln s WA
o] Mo A=E FAAN7]AL Huks Z7star, AT 5
g dol yehd wiupth 1 Aol 9 °4—‘?'—§ thd
g2 s g Aol Al defgr wHALe] w7 Ang T A
WA Z = Qe & =9t (Hauri 5 1982). o|H ¥4
Fofl WA B A S e = s

-

2 D

R oE oot off

3t Z£20] 7178 = 2] E(sensorimotor rhythm, SMR) 2]
FRYEW 5HS Fofl ¥ HIHEEG) S HIlE =5}
itk Hauri 5(1982)% theta®t SMR £HE& B3 &
A} Hute]] Fa gt HIkE F7]% 513t 131??_
of e ej ot wRu =] A7 He]E sk R
eSSl tigt vkl AunE & avE WS
Ao & 7|}, shA|TE < Schabus 5-(2017)2
A5 SAtol] QlojA] thsAlA R =ro] Shao] =t
A(EEAD) D AR (HEAHAD A 3ol A fofmfgt 2}
o] 5 7P A ohgtrhal H I E vt gl
ofof] & dtollAe A EHS et A ETS
o2 WY wRAEW g E AlRYste], wra =
o] ¥u}o] ¥3lE frsto] B4l AfAaE &els
= F-83HA]ofl sl Ak

I‘E

il

Fl

5‘.:
o

oI At 3 e

1. Y
A ORE 20169 SURH 109714 AL 754w
Sfle] 213t 1841 O Ajol<] &l olee

o H >
At gol vehd ks didfo. = shalnt 278l =<t
Aoliet 22 Aaldgtolut ojsha] Agho] gl 7ok ]
AL AR, dEE O, 51 2008 E 1 o 71
A& AFsh= A, ushdol A" A, 71 suy
o7t ejalEl= s Alelstadnt. H=u 1 o) A A

%= (Pittsburgh sleep quality index, PSQI) (Buysse & 1989)
= ol-&sto] TR HubAl o] AS Frsh, 4
HREEZ, 77178 A 55, sHAl B¢ 552, 71
T = Agho]| o] = =A] o FE Brlsk=T 712
ARE /\F‘Q“SP@E} ol &
dex, STAI) (Spielberger. 1983), ¥l -or%z— A % (beck depres—
sion inventory, BDI) (Beck % Yoo -5
I EZgo) 5 Brkekal A moid Aol -8-skqit)
o] A A, dgo] AR Bt Ete 2
af Aol 7AF T BE At Frofabe At AR 7
202 4%7) of okRE Easix| obth musu) X
25 A At AlF Foll= EHS A7 Al 03?—%"”—
= 7 Sl QAP FARE HRL HIFEA B A
AU Bs A FrofAE oA A A % Ji
FYA o M-S Wekom, Zpojupstietu 7}
21 13](IRB No. GCI-14-32) AAHE

5012 It (state trait anxiety in—

2. REO|EH HM

F2u =9 X 7ol Thought Technology 3|AF2] Pro-
comp InfinitiE ©o]-&3slR o0, FA|FEE 10~20 A28 Z
Joll Ag/AgCl A=< 23T A2 552 200 Hz %]
ow D/C SE717} AMEESIT wRI B 79| R
31A}Le] Hu} Zof| A theta power (4~8 Hz), sigma power
(SMR, 12~15 Hz)Z 5|1 high beta (20~30 Hz)E 7]
3l= A o] tH(Cortoos 5 2010). SMR¥u}= 26+A =~
oAl EHA o= e = HuRQl HYEe; kel §
7} fAbettt, S 20 A = SOl YER 98

A% o i naste ot B, o wil el
£ Alo] $E HEFT A5H LA FAlshr

45



46

Tgo] "t 3HA high beta¥l= 414 713o] g of
Bt Hatoln] EWS SAEoA L AiA el HlEo
oFA Sli= Zlo] 40|t} High beta IH5 AA|6k= Zo]
HE Frest=t| =&o] Hct Theta IH= =H Fofl YERt
H—q'ol‘ji °] WHute] Blgo] oA 3o f=Hrh
quﬂ’\ T A& E3ol Eh’/HCortoos 2006).
UWﬂEﬂ' 1281] o3 2= et 7+
TollA= Fpzo] =S 5745
:LO]Q' o RE Frlelelth AR5 e AEoAlE =Y
HE oA 594 332 S50, A= AHE 2kl
Al g tHfeedback). T AAES AR 308 &<
AFA o wupg vHL7] Qs A8 AAE 2dsh=
g AAGRYEN 2 2)S, E U 308 5 HaE
Aot S Wk flo] AR 9AE £24E8k= Sham
A ABRch 2 Qe el o2 FA9|= vigsl
7} 27 A4 302 Fofl A whA SRS v & A
AL 11 9] A7 AIZE Bk o A AEHIE
*]; st (Figure 1). A &A= A& A4
3}, 7t ko] Ariute] WSl 7|53t o] uf Hul Hlo|E
+= ¥} 7]=7171¢1 32414 Embla N7000 (Somologica In-
strumental Co., U.S.A)E &34 7155 %L European
Data Format (EDF) @ ej 2 &% i),

oo

3T

N rlo

I

l-N

B2

3. Mabd Lo} A
Yub= ZA)| EEeE B4 22 73(D’'Rozario 5 20152
o]g38to] 52 FIEO 2 U A, o] =25 A|ASIY e, 7t
5% 712 F2]of HEH(Fourier transformation, FFT)= ©]
A A (power spectral analysis)3Foith, z+
Zutss 9 (delta 0.5~4.5 Hz, theta 4.5~8 Hz, alpha 8~12
Hz 9 beta 12~32 Hz)oll 4] A& (absolute power) 2} Al
 (relative power)< ATk el 7F Aol A =
= T 4o AdigE Pt 382 100%2 5H=
o, 7+ Fuk G A 2715 %R FAISHSIT X
o] AHEYL 7 I = v o] ALtE oY, & =&
of| A= Czoll Al AlLFE ghat BA 415k =25kt

4. 57 24
w2uE 43} Sham AIH % St 2vEY 5 @

A3} Zho] Apol= F=Z&(Wilcoxon) 49 (rank) B2 B3 -

rn

Type Neurofeedback treatment

Session (min) 20-25

25-30

49 (signed-rank) 7&%’5} t}. SPSS 18.0 == 12H(SPSS
Inc., Chicago, Illinois, USA)S AF&-3}0] EA5I91 o W
= 54 249 —‘])\TC FESHA, p < 0.052 3Tt

2 ﬂl’

Aol Frofet S HT SRR ti2ate] -] PR
+ Table 17} e}, EWF S+t 139, B2t 1470] A
off Fofstdlal = 125 ol Y U 9% 22 A A4
2 Foulet Zfol= fiRitH(Table 1

Bz sl A AR Ael RS g A9 Aeket

AlTup Fubas o) A AHEY 9139 + 2.6 vs.
122 £ 38 and 3.6 = 0.9 vs. 3.2 £ 1.0, respectively ; p <
005)7} Sham | &5 7t 7o HlsjA FA A= Fof7t

FF0 & 71 tHTable 2). 71 €] |t Fabge o o of 4]
= SAALE Fou|et Zpol= 11t

SEARE t 2ol A= A=A Q] R EWT}; Sham A&
& up A EG ] Zfol= WA 4 QISlth of=Y A=
2 Ql FRU| =3} Sham A& 5 BHSEI 2 1
& 7] Hut Aol & F=sHA= ZsHAtHSupplementary
Table 1~3 in the online-only Data Supplement).

2or 5US oA 2 izt Hute] Ao S 254
ol wRI =T Sham 2| & A2 H|wstgley 5 1t
23 =83t Sham?He] 2fo] & WA SHA| = Frokqich

Table 1. Demographic data of subjects

Insomnia Control P
N 13 14 R
Sex (M/F) (6/17) (717) n.s.*
Age (yrs)  34.6 + 6.0 (26—44)" 32.6 £ 8.5(25-41)" n.s.*

# 1 n.s. :not significant T: mean (mn) + standard deviation (SD)
(minimum—maximum)

Table 2. Comparison of spectral power between neurofeed-
back and sham sessions in insomnia group

Treatment Sham
Mn SD Mn SD P
Delta 55.7 11.4 55.0 13.8 0.792
Theta 13.9 2.7 12.2 3.8 0.049*
Alpha 16.7 9.0 19.8 9.1 0.101
Sigma 3.6 0.9 3.2 1.0 0.032*
Beta 10.1 4.9 9.8 4.9 0.686

Mn : mean, SD : standard deviation. = : p < 0.05

Sham

30-35 55-60

Eye open Eye close

Eye open

Eye open Eye close Eye open

Figure 1. Experimental protocol given to patient and control groups.
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Supplementary Materials

The online-only Data Supplement is available with this article
at https://doi.org/10.14401/ KASMED.2019.26.1.44.
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