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Abstract

Irritable bowel syndrome (IBS) is a chronic functional gastrointestinal disorder
that is characterized by abdominal pain, discomfort and change in the intestinal
habits. The aim of this study was the comparison of brain oscillations features

Key words between patients with IBS and healthy control, speciallity in alpha frequency
Irritable bowel band by using rest-electroencephalography (EEG). 11 IBS patients (7 females
Syndrome, and 4 male) and 11 healthy (7 females and 4 male), gender and age-matched,
Alpha Power, were selected and brain oscillations were recorded by a 64-channel EEG at rest
Peak Alpha in eye-closed condition. Alpha power, peak alpha frequency and frontal alpha
Frequency, Frontal asymmetry were calculated and analyzed by fast Fourier transform and

Alpha Asymmetry independent t test. The results showed that in IBS group, the average of alpha
was higher, the peak alpha frequency and frontal alpha asymmetry are lower
than healthy control. Our findings indicated that difference between healthy
control and IBS group in their cortical functions and generated brain wave
oscillation, specifically in alpha frequency bands. Theses results may serve as a
biomarker and prognostic tools for IBS treatments.




s ity y Aolibsd ¥ 5o oY 5459 ATRA 3wy

839) povw 4 Wio Olslow 30 (Sliy GWT (K36 9 WT oy (Wl 3 Wiy Bwlio
Wl 3131 sy

Pousls pglod g3 00y Loy T liy e e T oast) LS SlinS oo

Ol el el oS (esdls _guslitily 5,5 )

rrostami@ut.ac.ir .|l o)l 45 oyl 5 olKatils o cwliily, (bjaal 05,5 (ot Godiumngs) .Y

Ol el sl oS ¢ sl owslitily 09,5 ¥

JoblS g5 95 ¢g3 595 olKiils 3o .F

Ol el (old Sdh pole oKiils 0

oS
5,0 aiile e b a5 il 818 85 pope US| Ky (IBS) gy o5 659, i
caaiie gl ;o ek 5l Bus el olyen (gloss, Shole 45 i 5 aSE LU L
1 S eMlinls S 51 eoliasl b LT il 3 iy, Jbyols b 4y cgpio Slilug slo
(0 ¥ g o3 V) ,a VY jslaie oy 09 @l ol 5 IBS & Sie ol 31 0 el ul cdl>
“Bod jlass 09,5 b St 5 o S5 51 45 b (050 ¥y 0 V) 58 1Y 5 1BS ke e

el o &b

ARVVARVARY

ol ol Sl s AlUIS SF EEG 51 olital L lae)] (5300 by 5 Uil atiogs ond il | ol b poihs gl
3 oslial b ol Wl S 36 5 T Sy LlS 3 AT g5 i o i oz b VYAV /TE
@ @l e85 18 lod g 45o0 090 g e Jiiee T g03l g @y 598 oo s,
W Sy lS 5 5 o 09,5 51 s Jloms 09,5 50 WT ol cSolen 45 ol L oal o
Oegy slaaiil 4 azgi b oog plls 098 5l eS e 09,8 o Sliny S (S,
S8 e T il 3 Wil 55 00y 055 (s3he lgel 5 (5,45 0 Slos 45 S5 oo (5 S e
e 5 st S ool Wl e leatily 5 ool Sglite oL 31,315 IBS 4 e

Gl (3l
P
Sy oS3 T ol

855 1,8 olatul 8550 IBS a4 die ) e o Sleyo &l Sl s0iis’ SWT Koy 36 T

- o N / -0 i - / ont / -
.;/ﬂ_wdd‘}/,/de T Nos s SOTREL Jlrsanr (15 Il o b o
. - . - . -



‘SJOL& gum's) aollad

¥ 5o ¥ 5590 APRA el

Syl Jolge lawgs a5 conl (taal g 32509, omace
by, wams )5 bll sl Blagly, o (daee
3 b cos ol b cosie aile (Soied sl il

.(Y“; ‘U‘)Msﬁf?) 0).;‘59

IBS ;o o050 jome mho sl B 4 4y L
ol elieeas Lelse 835> 0 ond bl lalllas
a eled 5 ol Gl 4 ) Gloanlid ok 4 glen
SlopasilSa (g9, 4185 00 slaingh 5l edel Caws
Gl las (3,5 atie o sase GlE sie
Slp gl iy Gla i Wlgioe IBS (S350 580
5 gl Sl eslial 5 syl ool (2l 25 Jelse s
ooty 5 S il Gl 5 gacis glaanl
G Ollwg ads dallas i) ol 0 oud aislis
—o S eoliial b (Y VY o Sen 5 Y k)
Colld it jsb @ Ol (BEG) " 8155l
L Gt 9 ood 4l mhaw p3 1) (5500 Sllays
)5 aslllas 5 bl 1) Alike (550 Bble jo (JldeS
S edled sl pansas o 00 5k 4 EEG
5 45008 Lons (g, 5 35500 513 oalital 350 Sia
SV s jie 528 Cld oy sl oS el Gyl
5,0 Slapynin 5 (Fopdl wile iz Sl
L(VNE doas8) ol o0l 0,005 IBS alaz 5l cyeje
Olzmes aniis 5 oolidide 55 IBS (o asul 4 ar g
Sl EEG wiile o3yl 51 oolicial el oy 5,90

a5 ol e 5 slen e o 4 Shls ST
I, EEG | onnl caws &y sloosls lgs oo pol> Jl> 50
2,5 (gaidiws @l owilS 3 slaail jo 5 (g5l oS
Joli 5 oanal 55 BEG slap, (oS8 sl (]
L (Gye AVY) WT (5, F-A) 5 (5,0 V-F) Lo
Voo 5l S Yeane s 5,0 Yo 5l i) LS 5 (VY-Y+)

¢ Jones

7 Ploner

8 electroencephalography
° Cohen

doddo

9 e PSI SG (UBS) ) p oo sey, i
30 et (oSS 0,0 b aS il Bl oSy LaaS
e K0 9 (90 ;2 b Cavgm (Jlowl) sloog, Slole
mols lem ! (Y V2 T e 0) amo o ylid 1y 045
Clocasdae ;o oud ooy aseis ‘5.;’;)195 Pl 5
B 5l slamels jo plez juilipw p0 o o 9 sl (b
cQ‘)&oib 5“55)[—&&)) w‘ AW ob)’ u...o?u M).) Y‘
GY b3 50 5008 o0 00 sw 05,5 2 10 IBS (Y10
3,55 (69, loves Ol 51 (6 leus ol L] ﬁé;L..q FUIA .
sl 5 9,185 o sl 0 olilow (bl g (Jad ¢ olozz]
G905 9 Ledk b b e (Faij codS hals Yaero

.(Y"q fﬁw‘) J...J‘sn w)‘; |) 6)5

S9>g Ls 9 S| kéJ.nLcd..\} 9 o;h.?:..u IBS SALMMLC
ol G 0590 Glizmen wdl plxl gl 3 sla g,
- e szmad cilite Lalse s $ plonl lalllas ol
-Cﬂ;b “5.‘1))5)‘ S, slas gl a‘s».b\ wlﬂ.o-
Gl wighe 4 Ml Aale lrigl Jseys0 slo
)..\.»Ju 9 u""?"5)"" [th B Jim.d ‘6|o¢9) ULQJ‘ ‘G:L.\.c
‘W”o) Qiloas ua.?b.wo 6‘0&9) 6&?9&9)&.@ B
35 Jes ezl Jalge 3,5 a5y jobize 4 (Y+)F
~Slare; Joe IBS bl g pelidioa]
loailis Jae ol ool el oo olgiiny celozs]
5 Sl Jelse b cod gy Jelos p opdle IBS
s s bl (Yo o %« ymmogyd) 5,00 13 55 celaza]
(M ol 25 ) S 0 Shae 5 5Ly,
O A5k 90 (gl pae Jolis a5 P00y jhe e 35k
i 3 )less> Clacl gl (535 0 (oras p
kJ"‘ as 6‘05......) \))ju;a C))j..a S| 6‘005) (mas
(_ng).u.wo J.AL...J 9 o..\.«..?uu “\Jsa J.ALL' IBS Ls LQW

Uirritable bowel syndrome
2 Drossman

3 Sayuk

4 Spiegel

3 brain- gut axis



&m wm‘s) aollad

¥ 5o oY 5459 ATRA 3wy

oz 5l Bz (Sosglnsd 5 SSlagl, sleanl
lallhs §) o B 0o G2 5,5 b Lad e sloazlp
-0 g Al e leie 4 PAF a5 sas e ol
3,8, ;0 PAF &jso ol jo 05h 48,3 L jo uilys
15 iS5 5 ek ) il 45 s iy
5" 0 ) ol Sledbl (3lo s sl o byl 5 o
i o w8 bl latagh o (Vo)A o Ken
Moo hlem jo @ls OS5 (S Glore 4 (Sl
Silee oS el 00ls ylid sanl Cuws a4 mls ABS 4
oS ysb a4y 00yl Sl (6,08 codled L W iy
5 TS Y o ea 5 TSl 4l ol aka
09,5 A S 00l 813l o PAF 4 (Y-V+ ()] K

(TR )5t 5 " amgirans) ansl 5 dn] J sS

eye 3,0 50 W LilS 3 6 pdy i o3l slale 5o
5 wlizl (535 e 0,0 5l as Slilew jo el ouls gy
-anl S8 09,8 4 Connd PAF i 00 78, Silyg s
s Vomny @0 V) e 5 00gly cwl g
PAF G35y (Y15 oL 5an 5 Vod ¥ 1Y () (Ko
Syme b oagzloe o)ls LLS,I cpoje 0,0 b aS saiwal
T cdled LuilS 3 Lial3l b Jlo sldl 0 ol 5 SLisyo
oo 3131 5l sanel caws 4y PAF (imen ol o
Sl b St jsb 4 SLoys Spme a2 (b o b (L3
sl ol a5 (Y o LKer 5 M) o)l alul, sy
0,0 b lad e sloanl s PAF a5 col ol sacmsslpiios
S o Sxie 1y 050 ply 50 Sl g pdyeml 5 o)lr
olss a4 IBS o Wl Sy (iS58 5 0l ()2 il nls
bosol) ogmen &5 Geje 350 lapyoin I (S
Oyl (Sopdl g ohhol oy 4 (Sipoly, oY
Sl LS (et g P (nl jiien LS )3 Wl o

sl 0aLS S8 o e

T Furman

12 Jaworska

13 Kemp

14 Seminowicz
15 Walton

16 De Vries

17 Lim

18 Nir

Pl b 4 (VN0 ol 5 ' K0 ,5) Wgd oo (5,0
Sb o colpl > 0 EEG clbs gy, wlidss
Wb el ileas S ,eke (e ASYY) W _ulS 8
Ol Ooyiten 4 Sl atay lasless ol a5 Sl
b osS o Sogllolss 5 o lein (apd s S o
codlad W o, (YooY T B1) s4d 0 Sinleal
(i) Colyinl cll> 0 EEG o LI Jlug
4 OL8 W o,y a5 D9 g0 0ddlive ((2led 9 ow
2 bl s o as 3 hai 0T 68 o)y cdle lexe
ool s as S e olpriny Hlolae sales o> >
6399 Sledbl JUiml o (rol-YU i S WL s e
saS Sislen sboas,z G5k 5l (Gys slees,S 5o

YWY (L 5 T mo 9) iyl (5 Ik 5 SO,z

ol 5l ol dasin 50 (PAF) LT Sy uils )5 40 les
Slotng azgi Ll 4 o ipgh ;o a5 aiiwn wilS,8 Wil
S g 8,5 0V ggye8 colled pae 5l pasly
Jué 3ls ol 5l U3k WT ol oS e &5
Sl 1y oley i e ASVY S50 o 4SS 8
b cute jsb & el (S ol 1 g Sl oad iy
o)loakl, (g,5 Akl o Sl e b ebie
S PAF lalse 5 (S sk bl 51233 3 e JS)
ohan 5 1 gll) ol calises o 8l o e SIS Cao

2B sop slagles o el (pl a5 (VeNY

! Uriglien

2 Pizzagalli

3 cortical idling

4 van Diepen

5 power

¢ peak alpha frequency
7 neural inactivity

8 Kan

° Klimesch

10 Bazanova



&m wm‘s) aollad

¥ 5o oY 5459 ATRA 3wy

0S5y bl Arad B s et
YA o San

S0yl VST 5 e | o Sl W] S 30
Slodal Caws @ @S g sl 485 1By 5,90
Clled il b o 50yl o5 el asls Lt Lo g,
b ol yen 45 (Can, b daslio 1) e o il (sl]
7 o 5le) sl ol o cnsl e 6, Seoss (5 jles Jlab stlS
PO AR RN P COV- S A FOOW ) R NP I CON-S
Sl G3gmen A Sy 25 839 i 4 M ke
IBS izan 5 0gd co 0050 (50l S L ol
gobe wile Sprie b sl (Shy Sroshlb
VA Ghlen 500 ) lizl L) 51 (glazdly ol 33l
Ogwdigad Jaw 0 )5 saims slpiiny a5 Cawl (S0l
oS ogyze STl olply gyl ol o (V22A)
pllo o131 5 IBS fhlen o Gliey Wl (S0,
Exose ol on @ 0SE &S (chagh g aBl Solite

s el sl o ool IBS a Mise o) lass 5o

eor & o5 Sl Ol il 4l assl @ arg b
oy 4 i o131 5o T slavdaras 5 WT IS5 wil
2 05 08SU S olpl jo g Al n p Sy 25 B,
ol gt 5l Gan ol plo .l suuis plosl a0l
ST o5 pae g W sl Sy lS 3 ool Al
SLAIL 3y 5 835, oy 4 Mo (Lo 5o Gliny
3O Gige phew DT oo el Cews 4 bl g el Wl
839, prvw Loy 9 adS (Silnsdsl Sl

b ansls oS o

5 Reznik

6 Mathersul
7 Stewart

8 Bonnert

e Sblugs cwypw 4 EEG jleslarul b Suil clalllas
ol )0 gpin cimgh ilaslb,, IBS 4 Mis ol ke
O 85 Shgo (V497) L,Se 550l Lawgs 45 054>
i 4 M Ghlew 0 EEG Glag, gl (o) 2
as ol plas ssnslows a4 mls sl 3G o 8o,
Ya/v) IBS 4 Miw o8l EEG o (g i (ol
Sgu g0 0393 (Ao ,3 FIY) S 09,8 b anolas ;o (as)0
el 5ol U 51 Sy 50 IBS 05,5 0 WIT lgs
» IBS & s ollew EEG ol Gl Julos o

A odeline (i sl g5 (J5BS 09,5 b anylie

olasl pole Slalllae ;5 0318 5l 4 a5 (5,508 b,
51 oolaiwl 0,3 oo )8 eolatil 5j5e L) 5l cmls
L |, EEG ammas wiz b g0 a5 ol oloasls
S (V18 e 57 05,2) wiS (o0 oS 5 S0
Col FRAY Gl W1 (S5 30 o by, ol 2 et
e g Sely 0,8 50 Wl cudlad r glis lgie 4 oS
S ogmdg0) Cawl oal iyyad jhe Jlig Gble o
Glaslis 45 cal 0,5 Hle (VAAA) Gypmgd (1A9A
53 580 5l (SB3k 6 S e S = (Sosp Sl 5o 08
G 58 &5 Ojge (pd el Gl 638 cold
Clizl b badpe ol 8,85 5 (oo S5SNI L b e
Sl e Sl onlply ol (g pSe S 25K
VS| libide (5 oge il ol (Sae i
ol 5 ads yeb 4y bl azils Gtk Slis s,
bl b @ a8 Glg) o Gling cwnd o i
Shble Some ay Jaal Ful b (Seop 4 adl el
Coand 3o ity Collad oS b o w)ls blo,l oo
Sl G5 oSS Colld Yl L) el Glagy
Sl ool b glial [ld) a bl (lBEIL (G
3 Slhesd nlplo o)l daly (e able Sye 4
i b Wiy o s o aiS EEG lusg o5 FAA

' Nomura

2 Cheron

3 frontal alpha asymmetry
4 Davidson



&m wm‘s) aollad

¥ 5o oY 5459 ATRA 3wy

5 [EX UM JERCIPN JC S RN | PR T JC N [FIWe PR |
BrainCap MR 4lls #f oS ;I oolinwl L EEG
Brain Products ) BrainAmp MR Plus oSy o6
oS 8l s (GmbH, Gilching, Germany
Geb oy xSl s ,5 sl BrainVision Recorder
Gy VoV Ml 6,088 m5SUl s Jaslin] pitaces
O ] Sige a4 g xSl pled .idg 0l cuas oIS
Al ool glx | oy a8 )3 18 FCZ (59, a5 04,5501 SO
AFZ dibais jo S mieTiney Sy Cazpe 092500
A5 50 @l SO 5 lesg Sl Cuaglie o9y i85 sl
P ols il S Jlael b EEG slo JuSi b i
Gloy dgad 5 Lg 5,0 0/ N-Y0 Wb o ()8l

VWL IS V- R

O S b atwlgs BauSes b gl ey el sly
pll 51 L8 aS axxlie e (g )lo paiss Lo oisles]
GBS eS,s sy g e lulid anles (ilesl
& poe a4 by )b g ol plonl dBlislejl Sa5y Lawgs
SeS s by 5 asbcols, g egh o oS0
Gleanses i glwoslel 5l w08 eSS Bas
S > 9 5 oLl EEG el sl jo a5 o awlgs 4
ool i Laas 1) 095 g lid o e j0 g wiley

A A8 B e 4 Ao <> 0 EEG

b 3 Slasseme 5 b (nl &5 canl 53w Y
sRails w9 o)lsS liisd S ey Cgas (Adgh
O DB AT LAYAVNVA 5l s ol (Sdh pole
o ewl IR TUMS.DDRI.REC1397.020 5,Le
—ass e oKislesl jo and> o b 0 EEG slacols

A pll jre g lo

alby s jlsolaiwl b (T & 50 4 EEG (slasals
(MathWorks, MA, USA) MATLAB o o su
OLes o 9s) EEGLAB Il aa> S5 L

! reference
2 ground
3 Delorme

ov9)

L s b 5 6ol —sokn g9 5l ol Gl
e 3l ol 9 Olhlew 09,5 90 (o o pate alio @) 4> g

IBS w e oyl )lows (oolod pol> imgss jo 6)LQT Al
9 S Gli)len (lsS SS 4 asS axxlye
WBAF Lo ol b 59 Spmn I Sl
wxlye hlem wled 8)leds (] i b a5 oy
T 5l e oo 488 les T L ST cnl @ oS
5 e s o oA o sl sl iy
Widg [l 55 1y )% 9 3959 SSHe g axLBls g
plsl 5l e a5 was Sl IBS & M 0,8 VY
odel Cows a4y sloosls 51 o oe iy o 4 Liegh
ey (00 Fg 05 V) LY A g ol Bges
Cews Zewly 5l Wagy D)l g A dgy5 slajlee
9 692 s> ol o lojen Ul pas (0
pae omjglSnl deidge g (b lacslon atle o2y
DS 5 ibpsaSl e a5t 52 4 L
dlgo &y (Fily 5 Bransgus 3525 pas ol @ anly slo
35 @ syl g 50 S0 lp e Rl g
oSss e slois o SN0 4 Sl dily Ll
DSl dile wame 5 o35, olojw asle Uil
Al 5 ol s @ a0 @id able (S3sly)e
Yo 0) V)80 Glow 0g)S pogdle 39w 4l )3
05,5 b 9 oz S a8 55 ol ST (3 e
g b g o fes)d Ojpe 4 ddg od ilulies jlen
o Aals ol Ol zg,5 g 99,5 S
Sl 5 PYNS uSilo b Jlo $O B Yo o olems
b Jlo £+ B YO 58 05,8 (sies el 5 D18 o il
s 4 gl g TIFY 8 il Gl 5 VY Sl
09,5 98 oy S olo lis Jiiew 09,5 90 T g0l 5l ool
ool Hloline Siglis (s (il S35 S8 5 e

P =YY L= VIV 50 092



&m wm‘s) aollad

¥ 5o oY 5459 ATRA 3wy

GIPAV-T R SO S VEISWOUITI Vs PRV SN 3 L P PR R
2 o s «(In[right] -Infleft]alpha power)
oy 0,5 il A | alie co g cwl, bl
clbd) ag W ol sams olas SV K86
ool lad gl (V) sl conly gliay jo (eS (5,08
sleoad 8 glayiie )3 llo 5 Jlew 09,5 99 (o gl
Jias T 905l o VY a5 joai5 gl SPSS 133 o 5

Al aid)F by o P < /o0 g boline mlaw g oslaul

aazsly

Wl Sy 358 9 W1 g3 (el gl (s 2 0 o
10 45 WsSlan b 4l ol o e 05,5 39 o
laidly Wb G S 50 25800 osaline VS
S 53 g el 5 Jlo 058 90 0 W ol 4 by
90 0 WSy Gl 2 @ bgnye slacdly uSL el

el 0 o0l iles plls g Jloms 05,5

S5y 3 iz Dype a4 il (b sl (Seglllys
g Lo zlgel a5 wis Jol> ekl EEG pls slrosls
oly> > 0 EEG o Joero job a4 a5 ST sl
0 EEG i o (s 0l alilas 0525 g oo 00y
@L"j slroyg pl 0l (o slast ¥ \‘5§Lo)’ slro,g0
=aSS 5 LU B wd )5 )18 ) 090 (sodir O )jg0 4
03l alaxMe JB slocuSs, I L oS spne " Sk slo
ey 8,90 B> ali 5l jolaie s Aigdh B> gy 0l
-aals LEEG slus sleass B> sl EEGLAB o
sleadlie Jlod wailedl by pails, S«
s b s sbbadie Bi> lp (ICA)T Jiis
a ol ooy 5 4 pdar b g O g slazale
Cas L) 3, Ve B Y wb e T 50 2ls ICA s
F2 0 gl mbkd g LSyl (20 VT ol g jho 51
o g bols jo .o colaiul jold §p e Bd> glp
Bi> ICA dalge Y 51 a5 ICA laadlge osloss o Soge;]
@ elaie 4y ools ulys 4o 09 w0 Vel s
wlad 1l O L8 ez Sble, @l S Gaile, J8los

o e By 5l 7 DY

ST S0y )36 5 WT Ky il oy Julons
Wl ol eflon LT s 00,1 coss @ sl 2l
Slosliial b g Yo a1)58 s o9, b b JUIS aan o
4 .08 dewle MATLAB L (o ool atigs slaas
el ok 5l G W Sy G g e
A-VY) LIl wslS )8 Wil o3l jo assls i b uils )8
cdz glp Gl W (S0 as g pSejlal (im
Cowd 4 gliny Cwand jo (F4 5 F3) il slaog 2SI
50 ool s a4 T lgs (T 50,5 avwlxe (gly el
Soe (25 RB 4 lgs polie Joled Jdo o ddlats o

!'epoch

2 time-segment

3 independent component analysis
4 Butterworth

3> volume conduction

¢ Laplacian spatial filter

7 fast Fourier transform



il swliiilg  dolibad V5o oY 6498 ATRA sl
50 o 2l
45
= 40 115
i o
= 35
g 11+ _
%‘ 25 g 10.5 -
g 20 E
£ 10
F3 15
g * 9.5+
5
i sl i

HC 1Bs

HC BS

(ol caoms) @l 3 Lot 09,5 55 WT Sy (l5 58 5 (0 Conms) ol 3 slont 09,5 55 WIT (8 (railao =) S

= ‘/’Y 3 t = —Y/(b?) Q)Lb )‘OL'.xA UBLQ.J [‘)JL...: 05; 9 IBS
(H]] ng}' aS Ceul "j emon t )b.'o'.o 009 e 9 (P
G wls A el e 09,5 3l yids slews 09,5 0
o ools LV Jgaz 40 Jiews tyge3] 5l soel s

|

U ogasl 5hegS 99 om Sols8 )lo e (omyn ln
a1 5T eeyl 5l eslatul 5 L8 o eolaw! it
mools @98 g e (o p (slp B el — SIS gelS
osls Hlwigs mjes 5l Sl o) mls a5 ol eolatul da
it T oygesl 5l ool Cows & s (D > +/-0) oy
e Ghlew 09,8 o W plys uSike o5 0ls (i

o 3 5low 09,5 50 T Sy (wils 13 (s gl 51y Jhimno T 990! i =Y Jgu

olaebl alols o lasbw! gls glas oo K P K- REPURY P31 Juers
+/138 il LSl ilogre @3l U e
3 F
YWoahe e
o=l
VA - “leY -IVE <104 -/ YA Y. YTy Ny -/f- el 3
Wi Sy

Slodly WSb lal (Sliy T (Ko 36 w)p @l
5 IBS olilew 05,5 95 0 lp Slaw W (X80
o oals Las ¥ USs [0 aF swl s 4wl 0g,8



&m wm‘s) aollad

¥ 5o oY 5459 ATRA 3wy

Alpha Asymiry index

He

Bs

Il 3 slonr 09,5 95 53 (Sl WIT (K 86 -F Y

05,5 ;0 FAA jlode a5 8,5 aml (g5 o U lade oy
oS Cesl (e oy ol (nl el J5S 09,5 51 a8 e
7S sl 09,5 30 Gt 4l cely e o W ol
Crows i Cadlad oaims lis 3580 b a4 Lol
Sl o S feS Sl g Sling Swend s o,
boalie )0 ndhS 28 83g) pyoim 4 e Ghlew 5o

el J S 09 5

S olel Sl 5l 0g,S g0 glds 40,5 asise jslaie 4
Ol gl edel s 4 bl al colatll JRiw T gl
5 sl 00 3155 AN Sjgo 4 ¥ Jsaz L oee)]
Kt 3l el s e 098 o o5 WS e ol
= [VE TSIV 5l ssmg loline wslis i W
oobsl r Sliy T (K36 asle 4 azgs b (P
cuie o (log [right]_ log [left] alpha power) s ,8

wllo 9 slow 09,5 58 (Sl GWIT (S50 50 (o ©glis (61 Jiamo T yg03T gl -¥ Jguxr

Olaebl alols  olastiwl glas @olds - %0 gelaw by lade REPURY P51 Juers
+198 il o ilo s el U bk
F
e zhe
M o=l
XY .Y ot SN IVt Y. YIV. S IVE <1+ AQ 59 86

a0, IBS 05,5 a4 cacd J S 09,5 wiog ools lis as’
oyl 0yl C3 g FZ F7 slasg xSl jo 650 W lgs
ol gy e oS wsl cnl Gl (AL Wl e gl
o s e 45,5 ooy 2SI a3, W ol (il
Az gy, W plg oglis oals S8 slajiagy ,o a5
Gololime Dglas log xSUI plu jo g al oaly lis 54,25l
58 o] Cews @ o b ol ably (puzren il 0ayd
oS SN 1SS glaae 4 (Fo sl SYNS 09>
e ()10 53 S 2 809 oy b |y (605000 ylien

S5 Al 9 Sy

o3 T g Alin 5 (yp 2l taghy 5l Ban
sdaacas lge 4 glin Wl Ko, ¢ WIS
Oy A )L.m ‘_’)l)Lo.:_g O sw‘),w:‘ > o EEG oo
49 odel Cawd 4 bl g olle o8l g A o b0,
Ol 7S 098 b anlie i S 25 83 o
el boasl ol el glas 1) gt sl olss



&m wm‘s) aollad

¥ 5o oY 5459 ATRA 3wy

R @ &S agh ST agh Slool el
Wil b,y IBS @ S o3l o Wl Sy uils
8397 40 ol Cews 4y slaasl b al ol bl .ais sl
5o oads pll la ioghy pioren g (SOl OS]
Wi 3,81 (55, ool Cows a4 bl Canlguad 3,0 359>
09,5 bauslae jo ol 3l ol as sl ools (las (So,udl 4
5 @) W) (g ynaS Sy Gl (uilS 8 00yl e
kS slaiaghy 0,5 859 53 Guizren (VA (Gl Sen
3,0 slop o 4 M ol 40 PAF a5 coul ool )lis
3l Slgys g plaal (o35 e 90 ale Sl (reie
5 o9 60 V) (Glen g (gdly) Cunl ]S 09,5
Slagiaghn )3 9 (V17 (a5 o VY (e
- o 0L (lsie 4 wlg ge 0ul Wl o0 &y gy
Olod g 00 IS 4y ol A g peie 0,0 Az cdsS
P 53 Shol Sla Fhg 5l (So il I3 iy oS &S
Do d (oSS (S2U g 30 L pd Sy S b0y,
32 Sl (nl s med 4 g Sl 0uiiS 092 g (oo

3950 sled & (poie 8,5 Slag i

L oo obo o Wl Sy o538l 5 ol
(GeelS) 9,18 alaly ()5 AaS> o Shos 9z plo lihe
sy ol Sowlb PAF &5 &jso pas (V294
s bgen Sl (Sl )5 AR s S
839y pydiw & Mo (Ll o 1, )15 Abdl> o i
ONF ) 5 gauS) wilesls 5,155 p0G 20
PAF o5 cul cpl aie) cpl o olusyd 3l Ko SO
A—0) pacwal gl o, &b jial8l ol g Satwal
Sl b g o)ls (285 JSG3e0s5l 9,0 adss )0 (e
plxl laiags 5l (S p adl 6728 Guga¥b olo)U
Oblem oge¥B 5o 1) (63,508 5 (s b Sl wond
M il 5o Jlo sl iles 57 3155 IBS & M
sl gloars Jols lo swseVb bl IBS
ks GLas 1) (6 it Sodlad 708 055 4 Cond o Slie
5 57 8 i 23 L gVl slosin
ohsl sloisss)s sissd bLilL 5 o)ls Jlash Sliey

¢ anterior cingulate cortex

10

00 bl 09,5 o W ol Kl wilosls lis aS el
(VoVe e g S V-V Y

e odd plxl laagy 5l (Sn bl
PSFIRETT IR IERCRNE YRR
Koy blo)l abil> glaanlp 5 o3ls glas S,
00 18 50,5 Jlad 4F Wakixe 5,504, ol ollad,b s ls
sbais o ooy Sllug sausll (o ) Sule sl

9 155550) sl o0l ulidie S5 5l im e EEG o T
baigd el o g Jol (VoVF ) Ken
Wl o wlie Sy, lcdled a5 WS o lo 'go,8
4 S Snsg Al Solite i Slapienn bawg
©0,5,5 i aS el oald olpiin uioren Sl cass
e Solad b W il Wl oy 5 sk 4
oobwl 5 (VVF (e g 153150) o400 wsSan bLs )
@M ohlew 4o yin T olgs ol Caws 4 s
S Cedlad buaslis Wlgs oo pdy S5 83, i
e 5T Sl i 5,28 slaanli s
o oS coled) jiny ST colled crizman (V- - F
50 3o ol 45 5 258 5,505 L mgSan 15b
$3y oo plml Galize glaiegsy 5 (VO (9559 5
2y GWie dBS @ Sie e s5ls o Slas
5 omekd) Az aile S3Ls clanlp 5l (Sn

el ool lad (Yo F ),

=S5, b3y, o i 4y Mie 0,81 aS ols lis gows a8l
SroS ST Sy uilS 8 Wlo 09,5 b anslie 4o pdy

! The principle of individual emerging brain systems
2 Coan

3 Phillips

4 Shuster

3 Kennedy



&m wm‘s) aollad

¥ 5o oY 5459 ATRA 3wy

iy Collsd falf) o G Sliey ST colld
Cllab al3) Caly iy T 2lled 2l 5 (o
Yoo A (Lo g Jlople) 098 o0 oy (Gl glieg
Wl S i aS aigSles (Ve )L g ol g
B Sope w ]y (Kl S 08 e Jeene jsb o
G R % 9wz Sl G sl (B s wes e i
B e (ol sl el leb Sy Sl 2 e
0 sl o] Sl T ailS 3 a5 (gl S cudled o
Jyame Wlgi o ol (nl Conl 0l atie 385 5k
S8 slay)liSle I (bgy8 sla 2838 je (Ko 30
09y sl o S8 slogle L oo Sas o slp
Jolse b Jole 95 cul 31 (onsS 5 b (oSl sl S
Jo plges &5 (e9050 (VAN (gumga) 2Bk 500
G e pae LT a5 coul oyl col osile 3L ous
b ol Sl 250 o S 5 b5k Ceny oo ool
ool Canss 4y alsd il 1,35 clo Sy ol Ko 5
alosls Hlis ol Lawghy 51 o canl osls plas 1) g0 1
Jlazye g 608zl b Slagy bl o)l pae as
oo alafy ol olibon] san J5o 4 Sl s
el s 388 yomdd plply (VA ()2 57 5S)
@ ok Glin Wl (S8 Silnnds,s medile

3l i slaiagy

803 IBS 4y Mo o) lo (ad (gl (sloaidly ol 5
ol 50 VL oy s i ST S 36 o (5 ymaS
i Cwond jo W g5 a5 col o] sloe 4 a3 ls
S ol Ol S e Sl 0 g Rt cul,
OLSe 5 159 3,10 (wgSae dlail, Gae ol L LT Gl
2 IBS aydlie llen a5 28,5 ams g oo (Vo - F
Caly Slias )0 yiin gire dlad 7S 09,5 L anslis
ool Sl Gli 0 S e Sl
g Wi 080 gl ead ol sle Jow
b ocoe Olodbl 5 baplee (il 5 (Seop <les
5w S Slin GRS W ol i ool
b i Sledbl g boploes o3ls 1 g (65 0,LS LS

3 Kaiser

11

5 'l sl bagye (35S 5 ble ol b
@ plaal Sl Gier )3 Griges (V07 ()
ol Cute 0515 bl dBS suls ddlge lgie
Consl 005 0035 LyogeVl 5 old CudsSis Hi5 Lo auily
@ Wlgs o 00l 0y Bl s (Y VY (o, San 5 ¥ y50550)
pois 55 645 —use¥B oLyl sl sowlsd lgie

g a18)5 A 50 Sy, 8oy,

o3e 950 Smaz o W uilS ) (Sral S50 g5
SF Golers ;o 0ald bl Wl 5l SUL Wlgs e
Wed,d opl gl Coles o all polae 00 &y il 0 e
Geye 0y e Jsb s PAF (o (sSas A, ba gy
(VN fSad 5 s 60) lools Las 1, el S5
SIS L ol o5 a5l cal Wl Rl e S
5 S (paje 3,0 Jo s iy el W]
Ot Sl sy SN S lsie ar Wi oe e 02
& el Sl 0 8 LTS 09, 5 4 g9050 (nl (i
oy 0y Jp75 o b il o el Jgaxe pbo 4
O (VVA) (e 5 (a)8 iy @mls &5 b 39,00
03 0,0 Gad b ke job a4 W Sy uilS 8 a8 oo
PAF iomes ojls alal) wasldl SYsb o0 Job o
abls adaly s o0 Sl by Wl LE gaial
@ Wil oo PAF a5 a0 oo olppins ol cpl cplpls
Al 950 & 03l g pdynl 5l Gy S S lgie
g (VY ()Ke g lall V-V F o), Ken 5 )
b 2)50 IBS sl 6,50 plsie & 5 xd gy

DS )l
S Ol Gols ibgh 0 500 Bowl Caws 4 adl
s 03,5 5 1BS & Sie 03,5 0 i Slall 5 3
@on &8 ARyl ST Ghegh Slosl ) oy
asls,y IBS a0 S o8l o Slis Wl Ko ,80
50 odel Cwd 4 gloadl b asl ol Lol .ois cdb ol
5 Qlosls lis a4 Cewl guenr  Fo sl SYMNS| 659>
Ol el 05,5 b anglie o (Foyudl 4 M ol

! Mayer
2 Icenhour



&m wm‘s) aollad

¥ 5o oY 5459 ATRA 3wy

ST 95 Gl o S ie il sdese slacs el
sapleys 5l eolatul oo a0 1, IBS oy gz g ol
loazily ol a2d Gom (5ol YS! (gl o ole
5 IBS 4y dliwe o3l (i 500 9,8kes yo wslis 5l (Sl
Olyre 4 ailg oo &5 Conl o ;25 mhaw jo lle ol
IBS a4y Mo olloss )0 (antedd cugr (s oSl
o 2 odle sl Cews @ @l 05,5 1,8 eolatul 540
Slgi s IBS o Jubo colidicuas slopunilo 51 s
5 b g ke slagleys sl eolaiul sasmsslpin,
2 e lagleys b Soands s wile (s 5ae lsel ML
ez b s (oS Sy asle (syke 2
(TMS) " glaamexrlp canblie oo 3 (DCS) ¥l
G, Silis o s 5wl IBS odle ol alS (sl
- obeye (sidu il 5l ety (lgie a4 sdwl Cass 4 i)

2,8 )18 eolaiwl 3,50 c0als 05 5,5 4 5o

Dlyds &5 900008 1) E9890 (| (s 03l2] g
foSantun cde SO saiaslis EEG jo suls saus
slo 9,0 eye &8 A b IBS o (Suselsnsedsily
b B S SR e ol J5S slies T
S99 Egdge (nl (wyn OBl (peie 93 Olilen pla
L cwl IBS ate sais sass glacglas LT a5 o)l
Ol 0gye0 Hled 4 eje 350 51 (IS (slain oSGl
Fsb sl b (sam slghagy ;5 a5 0pboe ey
)‘)5 R d <L‘>5.: S)90 s)Lo.:.g J).»..S LQLQOB; )‘ oolarwl 9
G lg o w8 P slaail sl jo oly el ale>

Dy LB azg 0y90 gam sl ieghy o Sl o3V

SI0yad g S

—ass o ookl (6,5 g Gaclue b ipgh oyl

5 oialojl prme Copae Sl wd elail jhe g)loy

3 Transcranial Direct-Current Stimulation
4 Transcranial Magnetic Stimulation

12

o 5 A aS ol bl el cons Sling i coJlsd
9 rS) Wgdioo ke g Cude ddble gl el
ol s 0 FAA omes (VA o) Ke
Sep slaS e 4 Gble slaguly 808 ooy
oS ke Cdo Sy o Conl 5w FAA il i
G samsplis by o8 o b able S (s,
Slagiagy (Voo V (JBm) wil L5550 6 )leiel
4 IBS 4 M ollews a5 ol ools lis 5 calize
WS oo a2 ) i e slaglre Jsere 5k
Ayl e S e A gl axg a5 olEl ol
spa> 5 g e L G ) gyt (e adble
5 55 Wl o plisl Glagslan! (it slaglxe
Sboys ol Hlee  a
NARA TP COV-NRN H{LWWI9Y)

Ngdo 00)  aw p

Sasly (Gl iy 3blieys (b K08 (g
Gk w5l G (S5 4 G5 L (S Tl
5wz Sl 50 S Gl plg 5 6 xSe,lS 5 )k,
5 o) ) alaly gileaszl b e op5e @
ABS (o,ks, - omlis Jaw ol 1 Y10 o San
LD 89 g3 e Sl i (55 4 A5 9 ileann s
lsS @Dle 4 byl ol Ghlen & cl @,
wad oo Li (ASTy 093 (S slasliy, g owigd)|SS
Tl )5 ohg 4 (D)5 @BDle Dad (59, Al o
9 (Sopmdl g Shhal (wy wil) Glre sl
o5 5 a8 3,105 o 3l st (glablic sl peal,

YNY

oSl Jols yol> imgh 4o ool Caws 4 slaasl
SWT St 5 WISy Gl ity il ol
09,5 b anslis 10 IBS 4 dis )les ;o a8 Sliy
50 ool Cawd a4 sloasl L wlie aes 5l i ol
5 oS VNV (L Sen ¢ o 5l) (S0 sl oS
ol (VY. (o) en g Slpgnl Vede (o Sen
Solias wilgs co (S padl YW 5 IBS (s asliie (565

I Muscatello
2 Jensen



gblu;a wm‘s) aollad

¥ 5o oY 5459 ATRA 3wy

SCS i sled 5lg e (S pole olRidls a4y atily
pldl o) b GlaSs g o L aS agh ,o oS

Dgd oo (Sl a8 g SiS Widged 5,k ey ol

&bw

Bazanova, O. M., & Vernon, D. (2014).
Interpreting EEG alpha
activity. Neuroscience &  Biobehavioral
Reviews, 44, 94-110. Cohen, M. X. (2014).
Analyzing Neural Time Series Data: Theory
and Practice.
Cambridge, MA: The MIT Press.

Bonnert, M., Olén, O., Bjureberg, J., Lalouni,
M., Hedman-Lagerl6f, E., Serlachius, E., &
Ljétsson, B. (2018). The role of avoidance
behavior in the treatment of adolescents
with irritable bowel syndrome: a mediation
analysis. Behaviour research and
therapy, 105,27-35.
doi.org/10.1016/j.brat.2018.03.006.

Cheron, G., Petit, G., Cheron, J., Leroy, A,
Cebolla, A., Cevallos, C., ... & Dan, B.
(2016). Brain oscillations in sport: toward
EEG biomarkers of performance. Frontiers
in psychology, 7, 246.

doi: 10.3389/fpsyg.2016.00246.

Coan, J. A., & Allen, J. J. (2004). Frontal EEG
asymmetry as a moderator and mediator of
emotion. Biological psychology, 67(1-2), 7-
50.

Davidson, R. J. (1998). Anterior
electrophysiological asymmetries, emotion,
and depression: Conceptual and
methodological
conundrums. Psychophysiology, 35(5), 607-
614.

Delorme, A., & Makeig, S. (2004). EEGLAB:
an open source toolbox for analysis of
single-trial EEG dynamics including
independent component analysis. Journal of
neuroscience methods, 134(1), 9-21.

De Vries, M., Wilder-Smith, O. H., Jongsma, M.
L., van den Broeke, E. N., Arns, M., Van

13

ol el o 1) b dlees o5 EEG v lulis)ls
BRI IV S PRI LIV IPR Wk PR VAL Sp-S PR - Y
xS 9 0'2,)19_? 6&6)% °~\m5}g prow Cupde

Goor, H., & van Rijn, C. M. (2013). Altered
resting state EEG in chronic pancreatitis
patients: toward a marker for chronic
pain. Journal of pain research, 6, 815.
doi: 10.2147/JPR.S50919

Drossman, D. A. (2016). Functional
gastrointestinal disorders: history,
pathophysiology, clinical features, and
Rome V. Gastroenterology, 150(6), 1262-

1279.

Drossman, D. A. (2006). The functional
gastrointestinal disorders and the Rome IlI
process. Journal of Gastroenterology, 130,
1377-90. doi: 10.1053/j.gastro.2006.03.008.

Furman, A. J., Prokhorenko, M., Keaser, M. L.,
Zhang, J., Chen, S., Mazaheri, A, &
Seminowicz, D. A. (2020). Sensorimotor
peak alpha frequency is a reliable biomarker
of pain sensitivity. BioRxiv,1-30.
doi: https://doi.org/10.1101/613299.

Jaworska, N., Blier, P., Fusee, W., & Knott, V.
(2012). Alpha power, alpha asymmetry and
anterior cingulate cortex activity in
depressed males and females. Journal of
Psychiatric Research, 46, 1483-1491.
doi: 10.1016/j.jpsychires.2012.08.003.

Jensen, M. P., Gianas, A., Sherlin, L. H., &
Howe, J. D. (2015). Pain catastrophizing
and EEG-alpha asymmetry. The Clinical
journal of pain, 31(10), 852-860.

Jones, M. P., Dilley, J. B., Drossman, D., &
Crowell, M. D. (2006). Brain-gut
connections in functional Gl disorders:
anatomic and physiologic relationships.
Journal of Neurogastroenterology and
Motility, 18, 91-103.

d0i:10.1111/j.1365982.2005.00730.x.


https://doi.org/10.1016/j.brat.2018.03.006
https://dx.doi.org/10.3389%2Ffpsyg.2016.00246
https://doi.org/10.2147/jpr.s50919
https://doi.org/10.1053/j.gastro.2006.03.008
https://dx.doi.org/10.1016%2Fj.jpsychires.2012.08.003
https://doi.org/10.1111/j.1365-2982.2005.00730.x

gblu;a wm‘s) aollad

¥ 5o oY 5459 ATRA 3wy

Icenhour, A., Witt, S. T., Elsenbruch, S., Lowén,
M., Engstrom, M., Tillisch, K., ... & Walter,
S. (2017). Brain functional connectivity is
associated with visceral sensitivity in
women with Irritable Bowel
Syndrome. Neurolmage: Clinical, 15, 449-
457. doi: 10.1016/j.nicl.2017.06.001.

Kaiser, A. K., Gnjezda, M. T., Knasmdiller, S., &
Aichhorn, W. (2018).
Electroencephalogram alpha asymmetry in
patients with depressive disorders: current
perspectives. Neuropsychiatric disease and
treatment, 14, 1493. doi:
10.2147/NDT.S137776.

Kan, D. P. X., & Lee, P. F. (2015, May).
Decrease alpha waves in depression: An
electroencephalogram (EEG) study. In 2015
International Conference on BioSignal
Analysis,  Processing and  Systems
(ICBAPS) (pp. 156-161). IEEE.

Kemp, A. H., Griffiths, K., Felmingham, K. L.,
Shankman, S. A., Drinkenburg, W. H. I. M.,
Arns, M., ... & Bryant, R. A. (2010).
Disorder specificity despite comorbidity:
resting EEG alpha asymmetry in major
depressive disorder and post-traumatic
stress disorder. Biological
psychology, 85(2), 350-354.

Kennedy, P. J., Clarke, G., O “Neill, A., Groeger,
J. A, Quigley, E. M. M., Shanahan, F., ... &
Dinan, T. G. (2014). Cognitive performance
in irritable bowel syndrome: evidence of a
stress-related impairment in visuospatial
memory. Psychological medicine, 44(7),
1553-1566.

Klimesch, W. (1999). EEG alpha and theta
oscillations reflect cognitive and memory
performance: a review and analysis. Brain
research reviews, 29(2-3), 169-195.

Lim, M., Kim, J. S., Kim, D. J., & Chung, C. K.
(2016). Increased low-and high-frequency
oscillatory activity in the prefrontal cortex
of fibromyalgia patients. Frontiers in human
neuroscience, 10, 111.
doi: 10.3389/fnhum.2016.00111

14

Mathersul, D., Williams, L. M., Hopkinson, P. J.,
& Kemp, A. H. (2008). Investigating
models of affect: Relationships among EEG
alpha asymmetry, depression, and anxiety.
Emotion, 8(4), 560-572.

Mayer, E. A., Naliboff, B. D., & Craig, A. B.
(2006). Neuroimaging of the brain-gut axis:
from basic understanding to treatment of
functional Gl
disorders. Gastroenterology, 131(6), 1925-
1942.

Muscatello, M. R. A., Bruno, A., Mento, C.,
Pandolfo, G., & Zoccali, R. A. (2016).
Personality traits and emotional patterns in
irritable bowel syndrome. World journal of
gastroenterology, 22(28), 6402-6415.

Nir, R. R., Sinai, A., Raz, E., Sprecher, E., &
Yarnitsky, D. (2010). Pain assessment by
continuous EEG: association between
subjective perception of tonic pain and peak
frequency of alpha oscillations during
stimulation and at rest. Brain research, 1344,
77-86. doi: 10.1016/j.brainres.2010.05.004.

Nomura, T., Fukudo, S., Matsuoka, H., &

Hongo, M. (1999). Abnormal
electroencephalogram in irritable bowel
syndrome. Scandinavian journal of

gastroenterology, 34(5), 478-484.

Phillips, K., Wright, B. J., & Kent, S. (2014).
Irritable bowel syndrome and symptom
severity: Evidence of negative attention bias,
diminished  vigour, and  autonomic
dysregulation. Journal of psychosomatic
research, 77(1), 13-19.

Pizzagalli, D. (2007). Electroencephalography
and  high-density  electrophysiological
source localization. In J. T. Caccioppo, L. G.
Tassinary, & G. Berntson (Eds.), Handbook
of psychophysiology (3rd ed., pp. 56-84).
Cambridge, UK: Cambridge University
Press.

Ploner, M., Sorg, C., & Gross, J. (2017). Brain
rhythms of pain. Trends in cognitive
sciences, 21(2), 100-110.

Reznik, S. J., & Allen, J. J. (2018). Frontal
asymmetry as a mediator and moderator of


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.nicl.2017.06.001
https://doi.org/10.3389/fnhum.2016.00111

gblu;a wm‘s) aollad

¥ 5o oY 5459 ATRA 3wy

emotion: An updated
review. Psychophysiology, 55(1), e12965.

Sayuk, G. S., & Gyawali, C. P. (2015). Irritable
bowel syndrome: modern concepts and
management options. The American journal
of medicine, 128(8), 817-827.

Seminowicz, D. A., Thapa, T., Furman, A. J.,
Summers, S. J., Cavaleri, R., Fogarty, J.
S., ... & Schabrun, S. M. (2018). Slow peak
alpha  frequency and  corticomotor
depression linked to high pain susceptibility
in transition to sustained pain. bioRxiv,

278598. doi: https://doi.org/10.1101/278598.

Shuster, J., & Toplak, M. E. (2009). Executive
and motivational inhibition: Associations
with  self-report measures related to
inhibition. Consciousness and
Cognition, 18(2), 471-480.

Spiegel, B. M. R. (2009). The Burden of IBS:
Looking at Metrics. Journal of Current
Gastroenterology Reports, 11, 265-2609.

Stewart, J. L., Bismark, A. W., Towers, D. N.,
Coan, J. A., & Allen, J. J. (2010). Resting
frontal EEG asymmetry as an
endophenotype for depression risk: Sex-
specific patterns of frontal brain asymmetry.
Journal of Abnormal Psychology, 119(3),
502-512.

Uriguen, J. A., & Garcia-Zapirain, B. (2015).
EEG artifact removal—state-of-the-art and
guidelines. Journal of neural
engineering, 12(3), 031001.
doi: 10.1088/1741-2560/12/3/031001

van Diepen, R. M., & Mazaheri, A. (2017).
Cross- sensory  modulation of alpha
oscillatory activity: suppression, idling, and
default  resource  allocation. European

Journal of Neuroscience, 45(11), 1431-1438.

Walton, K. D., Dubois, M., & Llinas, R. R.
(2010). Abnormal thalamocortical activity
in patients with Complex Regional Pain
Syndrome (CRPS) type I. Pain, 150(1), 41-
51.

15


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1088%2F1741-2560%2F12%2F3%2F031001

