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Effect of transcranial static magnetic field stimulation on the prefrontal area during the self-focused attention

Hiroki KATAYAMA, Nozomi TOMITA, Honoka NIHEI, Toru TAKAHASHI,
Yuto KURIHARA (Waseda University), Sumiya SHIBATA (Niigata University of Health and Welfare),
Tatsuya MIMA (Ritsumeikan University), Rieko OSU, and Hiroaki KUMANO (Waseda University)

Self-focused attention plays an essential role in social anxiety disorder, which is reported to be accompanied by over-
activation of the right frontal pole. In this study, we explore the possibility that suppressing over-activation of the right
frontal pole would lead to the mitigation of self-focused attention. We used transcranial static magnetic field stimulation
(tSMS) to investigate this possibility. Participants were divided into two groups: one group received tSMS (n = 3) and the
other received sham stimulation (n = 2). Changes in psychological indices and cerebral blood flow were measured before
and after the intervention. The results showed that tSMS might mitigate self-focused attention and decrease activation of
the right frontal pole. For future research, a larger number of subjects and participants with high social anxiety will be

required to examine the clinical effects efficiently.
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HZEANZ: (Social Anxiety Disorder, AT SAD) & 13,
M5 DVFEL I O A A SIS TN 3 5 3 LWk
TR ARG R E LB MEERTH S (American
Psychiatric Association, 2013). SAD DFEFRFER & LT,
FEIE‘BEEJ L) Tat RICER LIS S 5 (F

. 2018) HTIEH &3, AEMHHEIZE T, D
D ]ﬁ(ﬂﬁ‘ LUEBESEN, BOHGORENEEIES
HIKREDZ L TH D (Clark & Wells, 1995), £7-HT
FEHOBZIE THIEB P (Observer perspective: O
RO SV LA RSN 2 LR SN TED
(Clark & McManus, 2002), O SICX 2 HTA A=
FATT 4 ThbDER DI, NEDPHEMT L &S
NTCw 5, F72 SAD BHIEA Y —F 0 H CFHlA i
ML ) b — RN R SR TB Y A,
N, BEAS, 2010), Z o> [ CEH & i 5FM oo T
HISAD DHEFFER & o T B 2 & fﬁ‘?ﬁfﬁéﬂfvx
(Rapee & Heimberg, 1997), LAl & 512, HEEHIE
SAD DifEHF, BIRIZEE Eg%ﬁ"é%lﬁfﬁ)% EEZ %0

HOERICET2W9EE LT, IEEcEH L7-0T
DD b, BH (2018) 1k, AV—FiREICBITLH
CUEHRZ, GAiSROBEEA N 5N 5 2 & & 15
LTwa, Eﬁuﬁﬁ% & F D P RITSE T 1 R B
GIEROI Y M a— Vb b NEETH S (Izuma,
Saito, & Sadato, 2010) Z & 205 &, AEIEMAH CF
HIRREDTEWIZE G- L TWb EEZLDITEHBTH S,
e O“CEHU;ETT@ﬂJ#&@)jgi PIRFEELZED, H
E{EE@EﬁZ%L—r'—?L SAD {GHENOF 722 HIH & 7%

THEMED D 5o

ﬁﬂi, DA A TF i & L CREVH 5 R B B

(transcranial Static Magnetic Field Stimulation, L FtSMS)

ﬁfiiéﬁ’%%&)f\ﬂ o tSMS &1 J\*”ff\ﬂ“‘/“Aﬂ‘d&EZ
AEERICHET 22 tf"i*ﬁ“% FRREEB 2SI

B % W4 2 HH o Z & TH S (Oliviero, 2011) fitsk
DSMS DRITE LT, WHOMIPHERE 2D, K
i%%fé’\w%ﬁaéjﬁﬁ%wﬁﬁfébf% 5 (XM, Jianxu,
Hen, 2, 35, 2020), Z 2 CTHREIZEM S (2020) A%
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BI%E L7250 & FEERICH W 2o SO/ 3 2 OfGH
FHPRICECE T 2 2 &2, X DEERE Tl 0%
BAEGZLHENTESL CEHM, 2020),

PLED % 5 F 2 RIFZ7ECld, tSMS 255 Rif BERR O 18
TEB O O B CFE HARE QRN 303 5 1 gl
ORETE BV E L7z

&

RSNILLTO#EY TH S,

(a) tSMS (345 HiTBE BTG E) % 019 % o

(b) SMS IZHCIEHRESET 5,

(c) tSMS IZIRBEARZ KT S & 5,

V] &

WRE

THRPE O FAN RSN ) A 2 it R EK BRSNS
AT, FEZHESN 788 L TERE T 720
F— Y IIREDVH o b DRV s % (B34
w2 %, PIGERT 22.4 5%, FEOFHERZ =0.49) O
T8 R SHIRRE L7z,
FEBRBMOGME, 24 FEBUNIZIREE L T v
L REEFDAICT V= VAEILL Thwiana &,
6 BEILINIZS 7 oA Y EBEIL TWARWnZ &, £ifl
ETHhoHI L, BEREPHERATELIZIEE L,

fRIEHVECE
ARFEBROZIMIEETH ), RSP L AR

FliglE—E T w2 &, MABRIIREICERT 5
CLeEHODULOMA, FEYHH L THIZET FHE L
Too 2B, AWZEIE [BARHKFEANEZ S L 5%
BT AMBERS] OKBRETITbN: KAE
5 12019-283) 6

RERME
(a) BEREMIUTHRALIE5 0T (functional Near-infrared
spectroscopy - fNIRS)

32 F % 4 (Ch) @ NIRSort2 (NIRX) % fiv»
725 INIRS % V1% Z & T Oxy-Hb (EEIL~EZ 1
EY) OMMENEZWET LI ENTED,
NIRS %75 DB I EES 10-20 #: % AV TIE A AL Ep
(Cz) " HHEIZEAE L7z MNIEED 2 e 3 5 .0
13, (Region of interest ; ROI) %9 L) 27/ u—7
MEHESINDEY Y — T 22 E L7z (Figure 1)o
AWFZE C I3 A TSR (Ch26, Ch27, Ch28, Ch30, Ch31,
Ch32) # ROl & L7720 BV ¥ —Y 2DEK, T—%
DHIZ1E, NIRSport2 HHELD AARY 7 b =7
Auroral 4 & H\ 72,

(b) F T LWA

tSMS (2 L 720 IEEE Sem O A4 ¥ AfE41 3 D

W LI THER SN T D,
(c) 1BWA (sham BGF)

tSMS A2 5 2 5 SO LT O 720 DA
ELTHHLZZ, A7V LABTHY, R-H, &
wIEAA TV AA EA—TH b5, 4 Y LA, sham

Figure 1 /£ : REFZETHV7Z NIRS O 70— 7iE (Ev % — 2), B Source, FIAL ; Detectoro AHFZETILA
AIGAMR (Ch26, Ch27, Ch28, Ch30, Ch31, Ch32) #* BH-LV4EIE (ROI) & L7z. MTIEETH Ch OF 5%

2‘:_{1_0

T HARE. FROHA R R L, EMX AN OB E R T BAIEROIOPLICAES 2 X ) BLE

L7
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Wit & H 126 2D ROI OHULMIELE L 72 (Figure 1) o

KERRRE

AN E LT, AY—FIREEZ ML 2. T
y—LIcHR4% (Bos, w2s) wHLL, HOE
HIREEZ/EY W9 #or (FH, 2018) %1To7: LT
G A —F &0 K LR ICEMKOTLA 7 K
% 13 M oE L, fEER (SMS, Sham) Rif£i2 1
Y MEOFERBIEITEL 2.

FERTHA i, Tay 77 A 2R L (Figure
2), W HYRICFIRT A EHE T BO9D 5 Rest (60 )
& Speech (A Y —FRE 60 F) PKFIFIRENS
XAz l7z,

Rest-Speech # ZNZN 3 [T OfTH 2L Tl1Ev b
ZUER L, WA AR (Pre A ¥ —F), M A
(Post A —F) DFt2+t v MEfT>720 Pre A —F
& Post A ¥ —F D2 15 73 B OFl 57K (tSMS, Sham)
o7,

JEHAIA Y —F % EFFE LT\ 5 &9 B Mg s
H (2018) AMERLL72d D% L7z % BEBRS
FHIE [HEICTERLEB Y, Pk CEBRSINE OKT
AR TAY—FORTEFEL TN D] EOHBRELTS
7o BERIIHEN R OG5 5% (EBRSINE L Fk)
1%, WML IEE T 5% BR14TD) 24, &
EN G E T A% (R 1 Z2 ORI TW5,
SAD DA S & L CRMED S O EN 2 K IpAs
FIFHLNTwd CHbE - IBH, 2008) Z&206, &
FEI 7 BUS L FIEAFT Y, TR 72 BUS & RAEHTT 9

SR

tSMS B R0 [ iRET 0 72012, EEG 13 T L1 R
F VLKA, Sham A D EL SN E T VT LI 155
2R,

BRERRE
(a) HHET > — b
FERBNNTTRE T d 5 % HIW 3 2 7212 v 72,

b) 7z A4 AT —}

MR, ARG, SRR E R RS 72D H W,

() =74 YNFF&FF A+ (Oldfield, 1971)

F & F2MERT 272072,

(d) A% > 7% — FIRANRE (Stanford Sleepiness Scale,

PLF SSS; Hoddes, Dement & Zarcone, 1973)
IREA A HERRT 2 72072,

(e) Liebowitz Social Anxiety Scale HAGEWL ( LLF

LSAS-J : #i&fi, 2002)
AR EHE 2 JET D 72O 7z, TR /
ARLE] & [ O 2 OO TFRENSE A,
(f) A% 2B % Visual Analog Scale (LT VAS)
FERBAAIRE & A ¥ — FREP B AARZOMRE
2DV, 2129 0-100 THIZ % RKDH7z,

(@) HMEARLIEN B 2 LAY B R (the Mental
Perspective Scale for Social Anxiety Disorder, LT
MPS : &I, 2018)

Observer Perspective (O #57) %% 572012
Wi, HEEHOE RO —DTH 5 [Observer
perspective), E4rHYOHELDSKME /LA [Field

L9112, EBBIMEOHEINI L > CHEHOL T4 % perspective ], H7% & EDGORIOME 2 & sk %
Eiiysz, &\ 72 [Detached mindfulness perspective | DIKEE %
WET B TMRENSE S, AWFZETIREITHIZE
RHER
Pre Speech » » Post Speech
P tSMS / sham P
E O T o o — P e i
. ) .’ "- 5 I
— =i
: - = S . |
: — - = . . - l
= - .,
. - = N e |
e [
Rest Speech Rest Speech Rest Speech Rest I HEREA |
| | | | | | | |
| | | | | | 1 |
1min 1min 1min 1min 1min 1min 2min S5min

Figure 2 AWIEOEERTH A >0 WIHIIZFIRT 21 FEHME R D02 Rest (60F)) & Speech (A ¥ —F 3,
60 ) NEHEIHRENDL L) I2T7T Ty 7 794 Y EVER L7z Hi i AT (Pre Speech), Hli/r A
(Post Speech) DFF2 -ty b %4757z, 4 Speech I&, 4 [H[?D Rest, 3 DAY —F HHMKELA D S
STV A, PreSpeech & Post Speech DI 15 4 OFFLER (tSMS, Sham) %17- 72
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(FH, 2018) IZBWTHTHEH & OBEED T =
N2 OBNOREZWET 2 4HEZMHH L7z,
(h) Speech Perception Questionnaire HAFERR (LLF

SPQ : A - 4l - Bk, 2010)

A —F NN T+ —< v ADOHCEFTMZMES 5
[SPQ-self] & & FFli % HI%E T % [SPQ-other| THE
BENTBY, @A TH LI EFHEIRNZ &%
BT 5. HOEHN L EFF MO L, Wi Ho
DMl SPQ- distortion (SPQ-dist) CTilllaE L 72,

(i) HUREEMEIZRES 5 VAS

PEFR S ENZTHORBE Y IZAE = F A TE

722DV, 0~100 ThHZE %KD 72,

EEBRFHRE
DFOFHi & TEBEZ 1T 720
(1) fEHET > 7 — B X BRI A o
BHFRREE (a) ~ () ~0lE %R 72,
(2) A¥—FFEDFI & i
A —=FNE (HHO/NRERDEFIZOWT)
ZS5MTEZL L) RD,
(3) NIRS D7
SR B2 2 v & 9 SR 7z,
(4) HOEHEROFE
HOEH 2B 2 8UR % 4T 720 HURFIZL,
BH (2018) OFORIZHE, AL R 2 2 HFO%
EARXA=TVTHIET, EFRAE—-FDRTELD
T, BOORBIOEEZNT SO L9112 &
Ko7z,
(5) A¥—FHEDENE, FHM
Pre A ¥ —F =l E/R— Post A ¥ —F DJEIZFE
MiL7z0 F728AE—FRTHBIEMK (9~ 3GH) ~
&% K770 Post A ¥ —F R THOERMHAET
RS (MR EE (d) bz,
(6) 7)) —7 4 ¥ T DEN
RHOMER L, HOFEHBURD - HRTH 5
T EERFW LIz, Tz EBRSIE RN Y T A
THo72FHIZR O E ) DORERZ - 72,

BRAT A

AWFZEIE N=5 (tSMS # : n=3, sham # :n=2) &
Ll BINE T EICHE L, ERENE T
ORI TOIREDZEAL Z BB 7R L 720 NIRS
F=FZOWTIRIET — ¥ ORILERIT) 720, HlEiE
¥ 7 ™ =7 MATLAB (R2020b) DRSS 74 &~
Td % open-potato (EEARHF) & v 7zo B8 L72HHIE
RO W T TR T %,

WY 7— Z 3% T (FH, 2018) 12wy,
oxy-Hb O 7 — % D HIZIRE L 720 SEATWI%E (& H,
2018) L EIKRICN—=Z2F A4 VHIEZITH) 2 & & Lz,
Ed i AP U AN U N SE R WA=l A g8
¥ Y AERHCTHIEZITW S A ADELITo 72, £
D %% Band Pass Filter Z i L, NA /XX 7 4 )5 —%
0.01Hz, T —/3Z2 7 4 V% —% 0.1Hz |2 CHEH L 72,
WU Set zero level & f# ] L, Speech E R Rest30 5 &
HWTAR=ZF A VHiIEZAT o 720 #4212 Speech FHlA
20 # @ oxy-Hb ‘Pl w2 oM e LTHILL,
FENTIC V72, SAUTER (2018) 1I2X), AE—F
BIER MM E FE CoREMOMEEN ., ACEHO—
WHETHD OMUNDEESHHET LI EAVRESINT
WLNLTH b,

#w X

SHOBNE Y A~E XL L, FOMEH, LSAS
T, RERZOZEAL, BOROFEITE % Table 1 1278
o BUROFETEL, EBRHITERAD ENZTHOR
Y A —F%AT 272022V T VAS Z VT 0~100
FTOMTEHEZTHE o7,

(1) RERZDZE(L

Pre A ¥ —FHIDIREEAZ & Post A ¥ —FHDIRAE
REDOBEALDF & i 5 L sham #ETIE 10 DK
TENEBBALL DR ON o015 L, tSMS #f
Tl 25 LI RK E R T A S N7z, EsloZ bz
EHEHT A&, AN EDTE B, COFIZENT
KEBARGUENRESR SN0 HH 2 B OFITILHIEL

Table | FEERZINEOFAEHR, SAD WHMOIREE, IKEARDOLEA, FORFEITE
SHHID P LSAS 74)(?.E$§; RER % KR % BURDEITEE BORDFEITEE
(FRAERHAEHT) (Pre Speecht1)  (Post Speecht)  (Pre Speecht}')  (Post Speecht1)

A tSMS 25 10 20 5 90 95

B tSMS 54 0 60 20 20 30

C tSMS 69 10 50 30 75 60

D sham 22 10 70 60 60 70

E sham 49 75 40 30 85 80
Mean 43.8 21.0 48.0 29.0 66.0 67.0
Mean (tSMS) tSMS 49.3 6.7 43.3 18.3 61.7 61.7
Mean(sham) sham 35.5 42.5 55.0 45.0 72.5 75.0

##) LSAS=Liebowitz Social Anxiety Scale; tSMS=transcranial Static Magnetic Field Stimulation; sham = {4l .
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HIfAT-40 HE VIO RELREARA SNz, Zh
13 tSMS FEIZ B THEZANELH T /N S v A TLEHIEL
AIADZEALA -15 122 ST A & s 5 &
LOREEDVEFEND . BURDOFATEIZEARNIZE
WEZ IR L7275, BIZBWTOMEWEIZE & F 72,

(2) DEREDZEIL

MPS, SPQ-dist DIl HT 2O & 2557 (Post — Pre)
% Table 2 |27R T o

SAD |2 BT 2 LB AR % 225 MPS 15 514, sham
HETIIRERZALS A ST, (SMS BRI REE O T
R LN,

A —=F BT % A CRH & B RO EA L K9
SPQ-dist 14 5. 1% sham F ¥l % 17 - 72 BHIZ L LS A 5 1
T, tSMS 2T o 72BN E RIKT AR Bz BN
TNENOBREXILBTHE, BE ClZBW TR
KEBRFHMOMEEOYFHES RSNz, BE CUE, L b
WA ZEDTE |, ASMS 1T o727 — A Tdh o720

(3) BMMMRDZEL

ROI ® 6Ch |ZBI L C&N#E Z L IZMl%E L7z, oxy-Hb
e O RTIET# T OS5l (Post - Pre) &, Ch gD
=53 IEO I YLE % Table 3 12777

POLEICE S5 &, (SMS % 2R L7284 Chas %
Bva 72 2T OFALT oxy-Hb ¥ = DIl A3HERE S 4L

ORI 52 % B O T HRET 39

720 ZAUZHKF L, sham & F/R L7234, 3 EET TN,
3 AT WA DR S Nz, PR EOHBEICER T 5
&, tSMS Z IR L72Ha, 1% Ch OZAL#EIPHIZ -.090
~ 015 DFPHZINE 5720 ZHUZKT L, sham 2 2R L
72354, MEO#PHIZ -231~ 390 & 7% o 72,
WRICERBDEHEZNZOTF—5IZE-T L E, C
D —AZBWT, Ch26, 27, 32 D=EFTTH Ch i
KOWPDFER SNz C o — AT ARZHEIN DI
LEM o7 HIIHIASMS B EIR L7727 —ATH o 72,

z B

AWFFED H I tSMS 2545 i SEAR O 38 15 B o i1 3
M2 H O HREORHNC AR L W REMEORET TH S,
Z 2T, (a) VAS & W7 REERZUGEERN R D MET,
(b) MPS, SPQ % i\ 27z H ik Hers s R oME], (o)
oxy-HB I8 i % A3 5 & & T B SER O 5 {5 B
YR EMET L 7.

(1) tSMS [CKBIREERLDFE

Pre-Speech H DIRFEANZ: & Post-Speech H DIRTEAZ
BT 5 L, 2K Post BFDIRFEARZ XK T3 5
AN o720 £ L CREERZ O TIE SMS 2179
CETENHFIIR D ZEDMER SN2 Lo T, tSMS
12 & BARBEAR L TR RSB E A A3 1 &
DHEC LD RENSH L EF R b, 72721, BIIH

Table 2 &Z#H @ the Mental Perspective Scale for Social Anxiety Disorder (MPS),
Speech Perception Questionnaire (SPQ) 5 i,

. . MPS MPS MPSA SPQ-dist SPQ-dist SPQ-dist A
ZINHID b Y LSAS
(Pre) (Post) (Post - Pre) (Pre) (Post) (Post - Pre)
A (SMS 25 16 13 -3 4 5 1
B tSMS 54 4 4 49 44 -5
C tSMS 69 14 -8 29 16 -13
D sham 22 14 14 0 32 39 7
E sham 49 19 18 -1 1 2 1
1) SPQ-dist = SPQ- distortion,
Table 3 HIWLHT% T oxy-Hb ‘PN E (tSMS # : n=3, sham # : n=2)
SIEID il CH26 CH27 CH28 CH30 CH31 CH32
A (Post - Pre) A (Post-Pre) A (Post-Pre) A(Post-Pre) A(Post-Pre) A(Post- Pre)
A tSMS -.087 -.068 110 -.005 -.441 151
B tSMS 122 .887 -.156 -.253 -.039 -.090
C tSMS -.448 -.115 .015 -.051 575 -.228
D sham 232 -.111 .061 217 -.375 270
E sham .547 -.028 -.522 .165 112 -.226
Median tSMS -.087 -.068 .015 -.051 -.039 -.090
Median sham .390 -.070 -.231 191 -.132 .022

) oxy-Hb=FHILANEF/TE V|
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IRDFEATEIMENMEZ L > TV b 720, Do
THEMEIC E EOTBLLERH D,

(2) tSMS [C &2 EHEEBEIRENERDEST
O MPS ® g

MPS ##EAZDWTHE T % &, sham #ETIEZEAL2S
RN po/z012xF L, (SMS B TIEHRRE D)
HoN, £oTC, tSMS2HUFEHDELZTH S O
HWE OB R & FO 2 L ATRIB S N7z,
@ SPQ 1F DK

SPQ 5 112D W CHIM AT 2 TO AL % ik L 72,
SAD 2S5 m Vs E, AY—F BRI CTHWAL T KL
LI EPBMEINTWILY, FOENEIAY—-FZF0
D ODOEFAREFTIEAR L, HORHLE ARl E
Lo THIERIENTVE I ERBENT VS
(Clark & Wells,1995) . D 7z&4 AL, f#B]D SPQ 5
FTIE7% {, SPQ-self & SPQ-other D# % AN, HL
FEAMG & il FEAG O 75 A O ZE AL SPQ-dist & TR G & L
720 tSMS Hif% & sham FI¥HI % T SPQ-dist D2 L% It
L7236, sham FIEOBII K & 2L s
o 7=DIZx L, (SMS DA IZTEHED /NS et A A
5N7ze ZORERIZOD MPS 1D T & AbETE
2AE, OMEIPEMENZ LT, FliDEHDE
WD B Do 72 REEAE 2 5 b,

(3) tSMS [C Kk B ERTEEMEEIDIEFIRR DG

HOEH & OREAYE S LT 245 ATEm O {5
RO Z T 5720, ROLE LTIRELZ 6D
@ Ch ZNZNIZDWT, oxy-Hb FIgHEhIE % 5% L
tSMS ORFE % HGT L72e ZOFEE, sham HETHOHIE
EDHPHAS, tSMS HETOHEPHL D b RKE W Lo
Molze T72, tSMS BETIX Ch28 % Bi\v>72 5Ch T
MEAIAFER S NI20 TN DFERERET S &, sham
B DL, BIMFTOZILIZRE { LRI 5005,
BT AMMMEETIELDENRREV LRG0, 2
XL, tSMS O¥56, RIIZIEBIAIH S b
A FEAIINS o FEBOEGNEETE L, #
BARLGAAF DN C D — AZB VTR E % oxy-Hb
SERINE O AFER SN2 2 & XD, tSMS D3
ANEEROENEE, &0 RDRA o BE % J 5
5T HEHEATRIE S 72,

KIFFRDIRFR =
WBIZAFFREDRR S ONWTIHERD, F—I2FE
SMEHDORETH D BEROBIMELNS ATH )
FE T & D> T A XL tSMS 783, sham 252 &
o TWwWhizw, BEMOBREZBE T 5I2EES
Brolze SN, FATHICRIRERHIL, Tk
BUICEOSWTEEL L2, ZOHED ZOANKTIE
BT WITEEED S {, S RORROEL LT

FHNbDOEMZ LUENH DL, F2BMLTZS5 A
DOPIZ B RLEMZIET S D EDRH Y, I NATER
WZRE LRt d & 50 G121 v 7V 4 XD
KR, HAZE O EIZ L 2 B TO tSMS %h4
OBET R ERATHOMEDN D L. 352, SGHITHRD
FEATFEDRNE DY 1 K727z, R0k T —
FAMRSNTBRE, B TN E 32 LENRH 5.
5512 NIRS 7 — % Ot — 1 72 R O AL A28 F
LNho SIRNE—N 7%, N—=2F 4 YHIEx Fw:
oxy-Hb FIGHNNE 2 0H R & L72f@NT 247 - 7278, 4tk
EHIHEA o T — F WIS O W TIRES % WEED)S
5o
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