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1A 2 S < TMS S22 AAS 5 QEF ulA4e) 542 2% B2
so] MR 27U QhollAls] TMS 2] $1219} whaoll uhz A71ze] 222
Rk, TMS A Y 5 9l B s kil MRI S S15e17] Slslo] 6t 46 905 4

tE Alslelet. AFE] AlEleld= o8
Abstolct.
o] 7V 59k TMS A58 7hebs 714 Algkeisict.

41} AFE] Alglolds FellA AL T4 A1

\I

LA AR oV 55 A e

9l Polyetherether Keton (PEEK)S O]B—*].o:] =

2 sheletgich. W)
AL B3 MRl AFAAE 252 A2 4 100 msAE FEAE 34 ol5g Folid) AV 9182 Haleig)
S 5 bl S TMSZ 25 S5 A 449 S 24 <17 Bl IMRI 54 5 TMS7 72 Hhalstalel
A2 P QTS 5o (MRI 7 ol 34 delel] TMSE 7hro 24 ¥ 759] Qlabd] 24 78 & 4 gl 718
=75 el sl
AAAY FAAZ 5 Qe G-7). ol d 2 AT L
A= 5 AR Aol SIS £e] Ao] B3 RHE

Y 3 % 7 A 7] A= (Transcranial Magnetic
Stimulation, TMS)< 19854 417 9|3} o] Alof| 2Js)f 119k
H A2 ¥ 53 (non-invasive) YHOZ uA G 5
5’—]——] T2AQ YIS ATToEA AH LR K Y 75
£ 243 $ 90 Q).

HA TN AT LA dAS (Single shot TMS)
HI} vFE 2 (Repetitive TMS)#H o] Tt (2, 3). ¥HEA}
WY AL AFuel 139 AlEHAE (theta burst)
4) HABFAMNAZ| A= 7|90l Jom §4 9d 95 A
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F EL oA APORA AT 2L BEHE 715

Azt AHgEol Stk (4, 8-10). AFATRopol A=
Aobu] 34 9 WSS B9 2F 7154 8% BES
BAES $4E SAAA7] A $8H STt (11-19).
W, B4 Z1Me B3 2900 £0H9 232 F1a)
=SHEEG) 237 WetE BAFOR 987 A24 A7

of FEHAL, £5 A 4 Foluh 7] 4Fo2 Q1%
24 24014 Lot 2% v Ao 4850 Fut
(14, 15).

T GV MY HE R Qe H Pt A48 ¢ A
4 A9 Fayo] dfFEHHUA TMSS 754738 34
(fMRI) € EEGE &/ &3t A 4+ (Interleaved
TMS/fMRI & combined TMS/EEG)7} AFAE<)A|
FES Tt E3], HAFANAIAT-7 5473 H G
ZHTMS-fMRDE o] &3t A-17F F5& L Qle=d 1 9]
e AT 493 T F9E 719 AR FFS Yot
£ 7P gAg gol7] ot} (16). EgH AAE #bﬂ
et oA A7) Ao 2 At Y5 whSo] WEHE of
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Yzt H3lke] &7 £A4T 4= 9l (17, 18), %;‘é %l
ZH (v1rtual lesion) & T+
of oJEA FEFS F=A AT = 7] ‘TH—UW]‘:} 19).

o|=gt °lwr§ Lz eSS Al d
To 71E AFAE] FATMS-fMRI (Concurrent
TMS—fMRI) A& =Ysk= FAlolth (17, 20).

FA TMS-fMRI $J8j A= MRIEZ S TMS Z 93 37
< A7 & 4 e AR 2ot B3 TMS AA| 7}
0.5~1 Tesla®] Z3gt <=7+ W E A3-Z SAYA7]7] g0l
MRI 271 = A7 WA A B2 H3}o]| tfgh M}
7184 o] Bastal, Ao G4 Holl v A= FF
& Hriste] I S Has T £ A AF AN HES
AR5t Aol Fasitt,

2 479 542 fMRI WA TMSE 38 < =
S sk, o] AES 53 TMS Z¥o] MRIG4

o m| AL F7HE 9T T A0 TMSAE o2 913} A 7F
A FFS gt A B 712 o dFolA AN 7
< shalshe Aot

2 AT E olHT AFEH HA D TMS Zde
fMRIY 3t ZLdof| AAS 4= = EHE A3t 2)
TMSZ Q1% fMRIW F 27173 Wet A =& A& o] dst
o, 3) A7IASA £ o2 TSt AR R A%
YT A=< Yt 2 FFe HaT 5 e A=A
A71E A AR} gt

EE

AEI|1F
MR= 2t =B |Xf=2]
B AFo A A3 A7 =2 YL MagstimAFe] MRZE

3l 8 ¥ (figure—eight) ZYolth, F8 AYL & 19
AA A=Y YR B EL2 10 mm 9FEHAEL 35 mm
OIJ- Z+7+ 103 AAA ok (Fig. 1. HH2 7FeiA= AR

= 3.5kA, QYEAE 20~25 4H o 44 27| A
0.8 ~1T ot}

EBFANPIAS 2L =

TMS Z¥ &4+ Siemens 3T MRI Scanner? Tx/Rx
Header Z%o] TMS 29< 14412 & Q=S A5
o} 7|20 I RE 7|7E (15, 219 T W2 AHEE
HASIHAME 2|2 Fo] F£3| 7Hsstes 517] Hsf, 7+
ek AA (tweezer)E okﬁc’" st e SFHE F
A7 & (axis) oM 2L &= JA stgeH, & 2g =
JE ¢ (Joint Arm)S ZYZFo| st XA F Fof st
Z 270 E o] &3l ol WFORE ¢ 30° 4 | 60° H
ZolA AA st o] & F3l ol B Wl WS
of dagE 2|5 sttt (Fig. 2).

) AR AR A= RS HL A g2 220

Table 1. TMS Coil Specifications (Magstim® MRI Coil 3812-00)

Specifications values

Inner coil size 40 mm + 1 mm

Number of coil turns 10
 Currentappliedtocoll  ~3500A
 PeakBfieldstrength  08~10Tesa
. Inductnce 2025, H

Magnetic Field Environment 3 Tesla Maximum

Fig. 1. MR compatible figure-eight coil
a. Magnetic field induced by
transcranial magnetic stimulation (TMS)
figure-eight coil. Red area is focal point
of induced magnetic field.

b. Specification of the figure-eight coil

a=35mm

b=10mm
n=10

1=3.5kA
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Fig. 2. TMS coil holder.

a. 3D graphic design of the prototype.
b. TMS coil holder made from PEEK
and polymer composites.

A, I AR Yoy =7t S8 272 Polyetherether
Keton (PEEK), acetal, PVCE AH8-3}%itt,

MRIZ X2 |ZH0)| O[X= G2t - A|E2jo]M

MRI®] & 271&0] TMSL2. 2 <13 Wals]=x] &els}7]
A3 Al EH oA st

TMSE MRI AH| Qto| A AHg-g wfjof = MRI £&7)4 8
oA AHGE R} ZFet Aol HEH =T, ol A7
7} SOy = 2713 MR A Y2l AR}7|1A] wE &
o7 mzelet, AAR ¥ wdof 7tsjxl= 2718} 27
By tnss THTt 22 340l 3| Aare 4= Yt

—

Bew tvs = E’TMS + E) (1]

4714 Bpyse TMSel| o3 WAt 2 217| %o
By A7) HE 2 A o]7] 4% MRAAY A B ==
T A7|%o] ",

5 ZA71%o] gle T2kl TMS Z o] et A
7179 B2 = o5 A7) WE XA (magnetic vector
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potential, Ao Rol2 o] galA SEd 2 9rh
Uol ds
T 4n J ‘R (2]

A7V M podt2 AN #A7] FA-&(Magnetic
permeability)°|th, o]E o]-&ste] Z Ao A-gsto] A4k

st Thet 2,
— A(ri) Z) A A .
Ai: 7; (y'x_(x_XO)'y%(Z:l:Z) [3]
Uol
A(r;,2) = 7nk(k,~,z)
JE 10" ka2 - B6,2)]
(i=1,2) (4]

714 [= AFola, K ¥ Ex= eFd 8 E(elliptic
integral)o|™ o3} ZHo] A ojEtt,
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7 da 3 , B=vxA 8]
kW= e B = [ \isirada,

k= «/:(Hi;lzr o [5] [-2 (K——Z_kz E) f4r (K+7k2(r+a)_2rE) g o

2(1-k) 2r(1-1%)
A= 2004, 6] 7IH7. $E 27 et o] AeEn,
R G _usindd X ) o _
- %k [ J 0 \/r2+af:;?f2afcos grT r=cosgx +singy, $=tan”) (v/x) [10]

9l =4 912 BEHE A7|% BEXE MATLAB (22)
[7] < 55t AAstT 2 Hale] b2 8xa Y FH o
A A7) 7o Watel F A7 A Aol o BA EF
SN i 87 mele] e SAe Zae ojmelc 1 MATLAB A EF o] AL B4 Selstgtt,
714 BL e 2849 e AAF Curle o] g3t o+ TMSZZ 7|
I 2ol & < St 2 Ao A TMS7F MRIGA) n] A& &3 Z0]7] 9]

QTN T

g Time of Repetition I

A B R R4 3 B S S 1900ms

- e g

fz" acos ¢d ¢ ~
0 \Pra+z2arcos$

Fig. 3. (a) Task paradigm and (b)
triggering system.

a. The visual cue-based voluntary hand
movement and concurrent TMS pulse.
These voluntary hand movement and
single shot TMS pulses are not periodic
but randomly distributed.

b. A scheme of a pilot study of
concurrent TMS-fMRI experiment using
our own TMS coil holder. Triggering
system is based on TR signal from the
MR scanner and E-prime software for
minimizing TMS-induced artifact during

ety ﬁ .| interleaved experiment.

Delay &Control

Shooting
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—Ho
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3 7] % 92]E E 2| H(interleave) 7|Holth, & EE
A E5SH Atolof =& Fol 1 745 5ol TMSE
7Vt St Aottt o] 98] MRI Al ¥A ZR2EZS
ZA3to] EPIYHH A7STR (Time of repetition)Ulol
S Ao &4 SHA] gL 7HEd DEAIAA, A0S
82 Gk A =S HEEE AT &, MRIY
RFAZE AFEQ HHIZE (parallel port) 2 ‘i’:“ﬁ%?l
& E-Prime&Z E{o] (23)04] A A AT E T A
Al o] BT EF Aol TMSE A=38t=S kit
(Fig. 3).

AN T WIS U5t BEIT

TMS7} HHE L 58 A7) 3] Hgae] vt 43 ft
£ B/ 1 HFL Ha8 B 4 Uk T TMSAS
23 710 3] SlaA, WY A sk

25 A3 2010 o|xl= dsk
A 19 (Uo]: 234)S TRz ARSI &=

st 0 Mt AlSalo|d A 24 Hlolef "ot | ZixHE o 173

TA H7) 584 S AYstnt. @AE ez
& &7 25 BAIE S & & 24 9AE A
yju]A|0] 44l Brainsight2 (24)5 o|-&3}o] » A} vz
flol Akt (Fig. 4). A& &5 FF AAE BAF
T F7HA A& AYe . 3 dAl= TMSZ L 7]+
7F A" Aol A @A AL &5 &5 GAE
FotA st ols 5T G4l YT I EH 9
& S Te=AE F7hsh] Aol o & HAl= o
At f5Her Y T 2% T 2L A5 7
o2 WAL fuste] FA TMS-fMRIY] H AT &
& ﬂh** < AW ENA S

2 a7 dAHEt st A Addels 9
A °1"° H“zh YNIARZRH o FAME 2 B
AYsict, AF ol Fole AES Fa AR OJ%i E
i A=A ERHT S A

ISR DHAN SH U A
2 YA 3.0 B &et A7) BHIAFA (Siemens

Fig. 4. (a) MR compatible coil holder
setup and (b) neuronavigation system.
a. MR-compatible holder setup for the
MR phantom and healthy subject tasks.
b. Neuronavigator (Brainsight2) guides
the motor region. Activation map
obtained from a simple motor task was
overlaid on top of the individual’'s own
structural image.
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MRI scanner)E ©|-43t9 T1 2G4} 715275 S
A2 g55n & Aol T2 S-S €71 98 TR
= 2300 ms, TE=2.98 ms, A-E&H | = 256 X256 x 224
mm, 2437 = 1 mmX1 mmX1mm, &9 A GAHL
= 256 %256, flip angle =9 *, &gto]& 4= = 17039 =t
FulgE AHESHAT. 715 H P42 gradient echo
sequence by EPI (echo planar imaging) & ©]-83}%
i, TR = 2000 ms, &FA°] A|7H& 100 ms, TE = 30
ms 2 3¢t 205 FY EF S L 4 EET
Sotol & 4= = 29%, &tolL FA = 3 mm, H-EHY =
192x192x87 mm, #F Al FE = 64 x64°| At
HAE ¢33 7]5 Y42 Statistic Parametric
Mapping (SPM8)< o|-&aA &4ttt (25). AI7H4
(slice—timing), F7H (realignment) 22 GA-S RA3F}
D= w2 T AR 72 L 715 4= A
(coregistering)et & 57+ At3Hnormalizing)2t 6 mm
7}$-A1¢H(Gaussian) 33t HE 3Hsmoothing) S &3 3

g s,

E

L HFMRPVIRS 2 =0
HAFMNA7|AZE ZY LS Simens 3T MRI #H| 9
Tx/Rx Header Qo] IZZAA 5= S+ A3 d S &

Azslan 1 AnkEe 194k 2,

8Xt [0 25 XU |& 2= AlEd|0]Md

29 5 ¢ A7 H 0| 2L uigom 24] [9]9] X713
22 et #9 £ mede] WFe] HE AHE
oF 10~20 mm oFAIF o] et AJZtcho wE TMSe] 9
3t 2} 71A2] B3 (Time—dependent Magnetic Field
Distribution)= 18 63 Zth A7) AFo2 A &
Aste Azt 2 gAY Zo7k 1 ms 1] Al F ol
S, MR 274 2] 5 71g0] 9 o) 7] 243 B
A7kl T2 Ao Z A7)l it 7] A3 o]
0 AuFEE AlEdelde FallA skt

Az Bt = AAQ = A Y &/% oA FE=EH = A7)

Magnetic field on x-y plane
. e
€ » \
\
. _
2 am ) I
] <
€
. =
3 - i %

Fig. 5. Distribution of magnetic field induced by figure-eight coil and depending on distance from the coil: (a) at z=1 mm; (b) at z=10
mm; (c) at z=20 mm; (d) at z=30 mm. First and second column show the strength of magnetic field by color on x-y plane. The third
column presents the magnetic field induced by every coil inside of the figure-eight coil Red spot is the most focused area.
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g o2 Qe Aolul, ol Us) F A7) ek} 4717
T 2o o] WY 42 437 P A nAE
Aoz =gt

TMS Zlat G| A4 o= "It

1) MREE]

HEg S o] {3 g A& % B A ok 1A 7HY] A7t 7HE S

EAY A3 F TMS ZY 9 91X W3} glo] TR A

ogt
mjo

°|
9]

&0 HMED Algefold  dabololef "ot | ZRhE o 175

715E shs A& Bkt 11 7oA e Zo] 94

=34 LT EF &7 Abo] Azt 7E=o)

100 ms A= NN = JA HF a7t dehhA] b=
[

2) Hgs 24 Zof

a9 8ae TMS7|HE A3 & A3 &
3ysto] Hojzl | &3 H ¥9= ?:’51’5}01 o'FIL:Q]'
H ¥ 2o F&T Aotk (P € 0.001, uncorrected). &
T A YA FA|7]0f H]sto] H5 —7——?—%°ﬂ‘l‘1(primary
motor area, M1), 222599 (supplementary motor
area, SMA), 2599 (premotor area)°] &3} ==

ﬂx

Fig. 6. Distributions of TMS induced

magnetic field - temporal dependency.
_— The distribution of magnetic field
induced by TMS coil (red curve) and
summation of MR magnetic field
(arrows in the yellow box): (@) TMS coil
is perpendicular to the MR magnetic
field; (b) -30 degree rotation; (c) +30
degree rotation.
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AL 2 FHEYY., o]F FaAM TMS ZLH 7|HS°] ¥
&l viA= BT A GaE FUSAT EIL A
A 71ed AT AAZIHE B e 23 TMS oM e &
Z|Z=o 3t vgA A o] wEH=HE ol HAH A
(insular) G o] 43} == A& FAsHAHFig. 8b).

Mk

il

o) QA AFRE WSk AL ABBT T A
T 2AE F shholth (26). o2 1A BRGS0l &4
| B4 Aea 34 Auae Antd AZ4 e Kol g
SAMoR v A 27) TMSE ) uEaH
Mo ¥ F2HQ G0 43L shsta 4 WS
wrEol 43 el 715 AAA skl ojer BA B4

2 32 9iek (19).
TMS A% 270 4G e B4 BT L 7

B ST e RY BH, F 2ol HIA7E
4 7 HEARS o] 5o JAE 3 A fMRI,
EEG §& 543t A°| 73 =Tt At o] 27t

SRE 575 W 9N ) 43S F ol Mashs 3F
WS gAY HH0E NG 715 H AAYE

A &
Ao g B f£Fo HERT ot oy 7|73, 7]&3 A
st o] 7] W Eoltt o] & FE3H7] HMAHE FAl
TMS—-fMRI 7]&°] 9Q3sta 13 0] & A9 577 &
At

LASRPIR= Y £G4
H Ao A 7jeret PEEK A& 9 A7]|2=7] EE & A

3hEF EA Y Ao AHAY 712 SR =2
AFEE 7H = JEE & 2Y9 RIE ¢ (Joint Arm)
& 27Hth B2 AHE BHE ol8te] 47127
U, A4gd, A4ud, AFE S EFASE
A HAAL, o= &F TA AR ok QA AEgt
AN E 7HE WHE TS0l AREshed oA 88
Aog HalY,

8K A0 oI5t RV | 2E Al=Z|0[M

82} Aol oA A= A7) H 1 A=9 Z
o|7} ¢ 10~20 mmolA A= HF=HU ol= Fo
FAES R FA Ao sFst=tl ddF G4
2 UHE % A7 %ol HAYES ulsta ek I o
u DA A 7P AR AT 7t 5 dS Kt
T3 & A7 AF oA EA s A7) 27]= 1 msE ¢
HE e H2x0 MRAMNY O F Ao 2 Qs 1
a37F QRN Bore A= AL A T A
(1% 6 =T 34 E), o= MR WolA © Zst A28
7hefoF vt A S Yepdt: 71E AT Aot Y
o (28). F 25 U4 9% AHFAH 7, F ANZY
FE 7122 HAEFF] 7]1&o%] o g9E ATt 9L
AN = I AT A7t FafiA= A s, o] E3h
MRARY ol A o st F9S A=t o
A B e ZA71A=e] dasittn AgE 71 A=
A x|gte} (20, 29-31).

TMS Tt 29| H& o= TWI}
TMSS] B 7]7ko] d¥bA o2 1 ms H|Tho]7]of 7]
B ddde 254 8% 5SS ms A== HA

stgou 1 a7t vebutzl oF 100 ms A=A S U

a b
D

without TMS TMS shot

O

100ms after
TMS shot

Difference
Image

Fig. 7. MR phantom EPI data.

(@) without TMS coil, (b) with TMS shot, () 100ms after TMS shot and (d) difference between image (b) and (c).

White arrows indicate positions of TMS coil. There is no image distortion in the absence of the TMS coil. A single shot TMS during
scanning distorts the BO field and disturbs EPI. This disturbance persists for at least 100 ms. The bottom image was acquired with
optimized MR sequence and triggering system. There is no image distortion in the absence of the TMS coil.
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Fig. 8. Activation maps during the task

Activation maps of effects of (a) voluntary hand movement and (b) TMS (uncorrected p < 0.001)

ERR] o5& SISHAT S A TMS Yt Aol A] =g}
N #EH A37F F 300 ms F FFS v]A]7]= A
o ol Hut FE7] 9] A 7R TR0l SRR
werEch 2 dxAdtoA &g 100 mse] EFZF A
AL = AA G HS g55t= A7 (E dFA= TR =
2000 ms)oll B3] 2k 1/200.2 1 A7k &Alo] AH oz
Zou R v &4 Age] Adsicia ghE

Tyt tAAdY FHE & HIle X FE o =A
Hj 2 gk FO gt TR o A= 1 &fo|7h glgleH &)
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PN AR ) e G A2HORE Aol7t 38T
2 Bolth AF AE 23 WA g F AH 2w
A o2l REe 28 BAGT & A B @A
L AAARA 2E7t RN B A B BRTE F
Zxjoj S0 2HFE 2 AER Ao 4459
oh ol 71 YA ] AhH o2 U FL Ftol
e 443 4713 GHOR YR T A7 9
wholth (32). mhebd WUAIA £ A G A=A B
H

E olofE3 2 9A EeA R AT HooF TR A Y

3
o

Qb of
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A o] B Ao Belth (33). $19} 2L 0|42 ] 7
Aol ket 1 34 AN F718EH HH TMS 23 AA
71 dAe B4R oz walt

A AR T Aol A AR & 2H AT} %
72T ot 71 AA & Aol o5t AR THE HBA
HeiE A stk 591, 25 A A AEHe
2 geiA b AU S5 Goo] AT Hk AL I
Q1 Sl ol TMS T Lolut 7177} A7 284 vl
A 7o) 2| F&g BolFk Autolt TH, TMSE

o] 83t 2% 99 AFAo)E {4 Alinsular) AN &
HEEE A BAAE ok TMSAFOE A% 2%
o $HYFOR AT B L JA WEo| F Yo of
Az,

= o919 =M U NEHH

14% E}—i‘—ﬁ"] gt 990] ¥ 7|55 S5t XA &
1 715& SAAZIAY “79]*]7]7150}51 23
Qi Ol &AM 7FAA S 2T £AHE 7]|5S BHos})
gttt 4 °g<zm ¥ A5 (BOLD, ¥ 5)71 &
ARozY T H o g AAEY JSS Aste 924
AL HYtS ‘ﬁ:r"O}hEﬂ Aoj A w9 FQagt Eofolth
(34, 35). TMS HH2 v AGHI Wz E4 992
248 5 ke HolA HAZAH £4 A9 A4 9
< @ 4 ok §3], A TMS-{MRI W2 ZA| 58 Al
HFdE AR g5 st AA 7 H B BEE A
7] AL 2 QI3 9 AGY7t 12 a 9 Adst Gt AT
32 QojA AT S Yol =t 8T 9T FFE A
o},

2 A EF oL MagstimAlo| A Al &8t 8AZ Y 9
ALt F 271% A 3TE F95H4 B2t lcka 7}
gk Xdysiit, kAR, AA AR SHF T F9A
7t o2 g@A | wet A7 A= 2ah A g2k 4 Qo
a3 AZE &6 94 71EY E ) H& A= Y
2 S FAAR LY, MR 271419 gz g 371y +
ZH AR QS SFF FEL 53] A4 HdE g9 &
=3t=t 1 A7} %1‘:}. o= % gt] Y AA=H
2 Az S8l AFEo o & Aot} EE AF o=
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& MRI 38 HU7|AE SAlo AMER A& Zol 5
33“@ Agolt} (29).
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A System for Concurrent TMS-fMRI and Evaluation of Imaging Effects

Jae-Chang Kim"?, Sunghyon Kyeong"?, Jong Doo Lee"?, Hae-Jeong Park"?
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Purpose : The purpose of this study was to setup a concuurent transcranial magnetic stimulation (TMS)-functional
MRI (fMRI) system for understanding causality of the functional brain network.

Materials and Methods: \We manufactured a TMS coil holder using nonmagnetic polyether ether ketone (PEEK).
We simulated magnetic field distributions in the MR scanner according to TMS coil positions and angles. To mini-
mize image distortions caused by TMS application, we controlled fMRI acquisition and TMS sequences to trigger
TMS during inter-volume intervals.

Results: Simulation showed that the magnetic field below the center of the coil was dramatically decreased with
distance. Through the MR phantom study, we confirmed that TMS application around inter-volume acquisition
time = 100 miliseconds reduced imaging distortion. Finally, the applicability of the concurrent TMS-fMRI was test-
ed in preliminary studies with a healthy subject conducting a motor task within TMS-fMRI and passive motor
movement induced by TMS in fMRI.

Conclusion: In this study, we confirmed that the developed system allows use of TMS inside an fMRI system,
which would contribute to the research of brain activation changes and causality in brain connectivity.

Index words : TMS - Concurrent TMS-fMRI

Address reprint requests to: Hae-Jeong Park, Ph.D., Department of Nuclear Medicine and Severance
Biomedical Science Institute, Yonsei University College of Medicine,
Yonsei-ro 50, Seoudaemun-gu, Seoul 120-752, Korea.
Tel. 82-2-2228-2363 Fax. 82-2-2228-2363 E-mail: parkhj@yuhs.ac

http://www.ksmrm.org http://dx.doi.org/10.13104/jksmrm.2013.17.3.169



