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The purpose of this review is to introduce a new mapping technique, the chronometry transcranial magnetic stimulation

(TMS), which can be used to delineate detailed time information of specific functioning target network by transiently

creating a ‘virtual brain lesion’, thus disrupting the function of a given cortical target at different time window. Unlike

neuroimaging methods such as functional magnetic resonance imaging (fMRI), chronometry TMS provided information

about which language area contributes to performance of some specific task, and at what precise moment the contribution

is critical. We shall highlight two aspect of chronometry TMS, that is used in language research either for understanding

time course of language processing in normal subject or for measuring plastic reorganization of functioning network. (Brain

& NeuroRehabilitation 2015; 8: 34-38)

Key Words: aphasia, functional neuroimaging, neuronal plasticity, time, transcranial magnetic stimulation

M=
Hi FxHoE B4 7|55 9P g95E
ol glom, olefdt JHEE ARYo s Adxol
A 7|58 Wk ol7)SE 2 BB ddolFE 5 B

2719 Y Broca’s area), E27} A5 H < (Broca homologue
area), H| =47 ¥ H(Wernicke’s area), 2+F 93 7 &
49 Ao Wl Q= o]|F(superior temporal
gyrus), Ju] AT BRA0| i FHETo] a(mlddle
temporal gyrus) o] AR A ool 73 TR E &S5
g 995L TP A9 RE Ygelo| Bojatul, ol
s %“E‘«Eic’ﬂ 71582 EXsA AdE 98-S g
ot Qe wHgdo] Fojgitts AL o3t dojFFe
o} A9 & Alof thFet FH 9 7t Ws}
el oJujsi, o]t -2 HHO Qx|
29

9] 3 Fof izt d&< ofFEA Tk HIol=

& e o
M @ o

Correspondence to: Woo-Kyoung Yoo, Department of Physical
Medicine and Rehabilitation, Hallym University College of Medicine,
896, Pyeongchon-dong, Dongan-gu, Anyang 431-070, Korea
Tel: 031-380-3860, Fax: 031-380-3864
E-mail: wooky@hallym.ac.kr, mdwooky@gmail.com

This study was funded by the Government of Korea (NRF-2013R1A1A

2012562), and Hallym University Research Fund.

34 »

i

5 T IS Aol FAA H-SA HAlmw &
vtE A7) 27| A} (repetitive transcranial magnetic
stimulation; rTMS)eo|ly ZAE7] A FX}=(transcranial
direct current stimulation; tDCS)& ©]-&3%F X 22 FLo]
o] FofZ| 1L §lof o|2|gt AjAFHE X HE}F H F
QA Yok’
doj7lsolA & e F8% §A F shte do7le
o] o7 FH=Y &A1 2 l o3l dojdth= ol
I, o] AIZHY Aol gt AR= 1 ARG Vs
A e Asied %—&s}c}. Azke) e o))
o] Aol g ol AHE Y15 WA FRAA
(functional magnetic resonance imaging; fMRI)& ©]-&3t
o] A en eket ol uge] 93 AuE @
A% HE govt 7 AR5 A BAS FAsh)e
W ol @AY BoRsSI Z15A sl B ae 9
A ol Ha) AR F& WL Zo| AHgTL
24 doj7)5e] Aol A M} o ot 2§ 7)WL
%_]'O}HJ _/;\__ %1\_5__]:«“’ O]E]U]— A]—E_l;l_gl-x—] X]-.Q_,Q_ 6\- /\ /J\‘—
Ho] AR AZIAFE ol g3 Wolch
5N A7) A= (transcranial magnetic stimulation; TMS)
euPgAo ¥ 74 54 yrd WL fEs

0.

Ny

l

l‘l



4 47 AL 54 ool A4 BE olyew
W AR T 7S GaATIAL RIS
¥ (virtual lesion) & & 4= Sk’ & FAE +PT
4 #dE AA ABY 5 AFAAANATE Fo
2 AZF Yol 283t A-S B9 o] ik
o2 B4 FHoA obF B w1t 7eS AL Ee
‘leﬂc}"ilﬂ A gl A 2 gHol ofd 2Hgof &
oJehAE B B & Aok oleie B0z g
she AR AARAFE AEA AEA A3
(chronometric TMS)o|2tx2 gttt
2 FANE Aol A7EH AR A7
FHE ol &T dFEe ek nFH 7 dojF Y ﬂ
Wik 3 kad sk el el e aTs
T of AFtolA A& WS AAIStLAL St

=

= E
1) 2101 FAOIAL| AIZIETY BTN X7 | X 1= 1

Aol NZEY BT A7 AFHE A48T
AL WA o] BIE £ A 0#4:“?—014”” =
AT BE P AU on), b2 dlojz}
A 52 A 2k k9] Qo] Fe gelste] FRA
A7 AT 23 ol A7k Aol )
Hhgo] WS WA of R %sﬂ A3 e A7 Yol
TSRS S5t o} 2 GAA T te A
7+ ARSI s AES stk F Aol 432

A gejolglon, Qo] 44T FAL ATl Tt o
A Aol oizh

AHEE 7H9 vk £=F Blaste] [f-ou|stA &7t Q)
= AT AT AARE FH97E ABES FAsHATh
A WA dite IS B 3ol & AEste S A
Aoz gstz] sl olEth7I -’F?'%‘ HAE F3 FH5
Hl2yA|, H27} 323 FHEFo|g] AR A7|A

g Foh! agol AL & H, % S7HA 9 AIZE
A-AA BT Aol E17H HeT, 1) 150-175-220
msec 2) 225-250-275 msec 3) 300-325-350 msec 4)
400-425-452 msec 5) 525-550-570 msec2 Z+ A=+ A A
utt} 25 msec© 2 3¥19] =40 Hz)o] g7 Hef| So017}
=5 AAsHAh Al wet v Al v astr] 95
BEN A=o] FoAXA] G AL ¥ AL V&R
4fot o] et vlwste] 7} g Hof whet A 574X 9 ®ES-
Azl o= oA =HAEAE &l & 5 A A
oh ¥hSAIZEY] & WS THA) 3 A g A A

57

@y -

oﬁ

s oAl A A FA AT AT

:|o

2 =2 3 oo YL B o4 PSS
Z3lo] W37} A1ZHE A|zEell A 2ol AAE AZHS

|

A SIS A NS TS A3 918
o 5 FESFolF 225 msec, HEIIFHAA=
300 msec, 131l HﬂE‘f]ﬂ]d@]Oﬂ*‘]“ 400 mseco]| 4] gt
s ¢57} sEA L AL ol ATASL 349

S 40 Hz QA 02 Fol 7P WS TrERw e x}
Ef"ﬂ Ot M W AE Eol7] Y-S A
U, 2}2o] 180 X} FojX 2 g o|2 ¢l3t 23 A} 7P
TS &8 viAIE = gl TAE S HAISHAT
HA As SAE A =3 A A7t ot 2

o] (supramargical gryrus)®] 7154 EAS :9-3}01

Aol A3 A AL A Bo] ATA 4T
F3 vk —:",—E% ﬁﬁ S o] ATl AE 3749 1}
2 40 msec 0|2 F= FEHE 40 msec
of A 200 msecW}X] 1) 40/80 msec 2) 80/120 msec 3)
120/160 msec 4) 160/200 msec 5) 200/240 msec & 57}4]
o] g2 A7+ AAHL g;ﬂ 39Tk 7 AT} 80/120 msec
A7) AFo] FolRE 1) WS HE7} fojula] e
A= A& FRlstth o] T3l doE A= A
go] oF 100 msec ZA A Dojupar I FHoll &2 A
£ st o] 5 mA Yol dojgE Hast
s,

Hub= AZHESSo] w4 S ol B g 1t
AS F AFATE A 9 (event-related potential) S =75}
A 5% 27E 4S5 AP = 7)15E Ar1EE g
Az o 2ol ARarE B2 9 AEEe] BAS
AT 4= Slof Aoj7lsolA ATt TWE &2 2
& 5 JUThETE o] &3t of2 o]H AFEolA olFH7I
=3 A] 1Po] 2o A 150 mseco]] TEFO] EHAo)
53 TolB MEshs AL oF 150270 mseco] A
ol M FolEg & HEFG oA dojutar, S A o
AL 270-400 msec Atolofl W2 U A G Hoj|Al, ufx|u} ot
AZ ©olE ArEst= ﬂ}zé% 400-600 msec o]%-of &
29l 9o, THGT ZEAZAA Lehde Bug
o R ’\]7}5;{4 AFN A7 A A
o ABeh FATE & 4 Ak e Mz T4 A

¢ (local field potential) S o= Ao A A A d=

Az 2A B4 Bk EA 2 93t AEA R7|x =
B} HET Y42 75 &7 ofHL o] A
S AT e St ol AFRE AFen
I Ao o= oA AEE AR et A A&
Heg on 2o T NFTL AH 43T 4 fke
SHAE 7T

ll

Of

F

18 2

¢



Brain & NeuroRehabilitation 2015; 8: 34-38

2) HXIZE WYOE AIZET FFHKTY |
IERIE LS

A 4T} A BARIAE £4E K a2
Gelol Lt 15 A0 Bl Gl JUEo] 1 4G 1
stel Az S B SRl 7|odTHE B
3 AFEo0| Yol l—ErOiﬂE}lg " Johansen-Berg 5’2
1199 B2 25990 Wil 9 HEF B2 167
o By e sl LEIA /15H a4

54 WA TRIRT ABEA AR AR

AN

ol

12
lo
Mo 18 e o

{1817] HOH 59 &5 Aél%‘@!f’ﬂ $7H A7 A=
} 5 50 100 18]32 150 mseco]] FIL o]9
< A3 100 msece] Ap=0] FFolF]
ol Hlsf ¥h-g-A|Zto] §-&fu|st
A ‘—317& Itk o= 559 25 fEF9Y &
A3t7t 715 H o2 100 msec FLo| A SR AT &
71 255 shed TS S 2=, 7tag ‘i'iii}
£ HHHo R % AFE AUSE BFEA XP711FL
< o] &3 7taA WHIE T 5 YSS FH RAE
Trolch. ofu] AT vEel Zo] Aoj P2 vl %‘%Hf&
g eo] Tojsta wabA o okt FEjS 7FaA A
37F dojd 4= Uth HEFo|U HEAA T Aol I &
71-ol gt A= Ao 8 B GFE HSsk=dl
Tfj-$- vﬁo}@l 71&4 H‘WE & 723, 71“14 HXVI

mlO_‘,:lﬂIlOJHLoZ:_[EoZ:ﬂ N

ll

Ofﬂ o%

> i?i

_|>~l ﬂ—'
i
é
%
2
lo
b
_\1\_.
_IS,‘-l
fﬂ
o
_&
_OIL
rr
N,

fu Ho

2
o]o
>
5

%8, o
ol
)
N2
ol
e
=0
o])ln
-’6‘
o)
w
=
=
o
5
a
=4
2.
0
S
—t
Q
=i
o)
Q
E]
jo)
?r
=

AeE oFA &= o] 2Rt YA P°E 11’—]‘”‘**01]*1 EO]“ 7P+
2 Heprh AA 71sd Aol =Ae s e
o1@AY %7P~°PE} ojg|gt Bl AT A7IA=F 0]
FA AA=E o183t B 7e= T
FAZIEA 1 71%01 dotyt A AHE=AE AUFe=
W AR H YA BARl= ATl 7es &AT =+

A= Aot
3) 0T HUXIE YO 2 AIZIET BFH X3
LEE HE
AlojZ= gzl A Qo] FE-E =357 YT BEF A
A 45)9] A HAF | of

J_

E9¥9(E 3| Broadmann

36 »

‘9
oo
2 o~ (e
e
%
d
o& _{Em
ﬂ_lﬁ 2
oft © o
<y
ok R
offl N
_[ﬁj
PR
) X,
S N
S L)
N
)
H
ok

ofr
)

1)

o v o g e K

—

o ne K

%—E‘:"] =7He 3}9&‘:}-2 SR gt o] 23t ¥
d B %-rr 3 %‘7}7} A EA7F Al 2hA|
A=A E ol GEHUTH 1Y o]FH7] BAE
:l%]% HAE F ol Ao A o] §EH A=A
T AT 4 W] EErtgH o) W
7‘]'01]/\‘] AAE A= BEEI 5P Y
(Broadman o 45)0) 31 =S F7] AT o] A YT
7154 7‘]'7]%"‘:5] ol Zpol & RIS o o]HY 2
el v 5 B4 F7PF Hasta WS B2t
FHIGY S0 F7HEES E 5 Uslen, ol ¥HE
BE7t FHIY 4 B ANEH AFAN A7A=
2 IYo] BHX|aL 200, 300, 1831 400 msec FY=
o} 200 mseco| A ¥F FAH 2 {ou|gt I¥ o] 7]
3 AZro] =Rz AAE ozl 2 o]t Yol
O]E_ 7]—)’3}_{:} oz %Eﬂﬁ‘]— s 01‘% 7]-.6_/l‘]£_’~ Z-"}\]fﬂ-]:]‘_]‘l ka3
T ok o2 o B A7t BasHARE 7153 X
B I A APt AHEE FFAN AT
g 53] Hrtad s FHst=d e S W

o o N & (R 2

2 30 o

yrsi'mloob
;F‘é_\ﬁm‘

irﬂ
I

i

Me dojahAl 49 Al Ty Y
Me MED AT A7) w4
W 7 o] AABES Az
o]tk olH g Y e
olg-akel A4 Qlol7]%e] Ago] et Alzke] w2 2
2 ST 4 91 B T ohfet AolF Aol B &4
% Qolge 7tad WtE J15d KA B 24
o] 75 4 gltk. oleld Aeirtaye] ojE AAH
AT AT B s 2 JAE g o
Sy ol Fat ue ¥ 4 glow, ot doiz
Aol A2E Fee A3 AAGIS BT A2 A
27 B2 Fsel @ & 9k Fa% el 3

e

¢

i

N

References

1) Amunts K, Schleicher A, Burgel U, Mohlberg H, Uylings HB, Zilles



2)

3)

4)

5)

6)

7

8)

9

10)

11)

12)

13)

14)

K. Broca's region revisited: cytoarchitecture and intersubject
variability. J Comp Neurol. 1999;412:319-341

Bookheimer S. Functional MRI of language: new approaches to un-
derstanding the cortical organization of semantic processing. Annu
Rev Neurosci. 2002;25:151-188

Hagoort P. On Broca, brain, and binding: a new framework. Trends
Cogn Sci. 2005;9:416-423

Poldrack RA, Wagner AD, Prull MW, Desmond JE, Glover GH,
Gabrieli ID. Functional specialization for semantic and phonological
processing in the left inferior prefrontal cortex. Neuroimage.
1999;10:15-35

Martin PI, Naeser MA, Theoret H, Tormos JM, Nicholas M, Kurland
J, Fregni F, Seekins H, Doron K, Pascual-Leone A. Transcranial mag-
netic stimulation as a complementary treatment for aphasia. Semin
Speech Lang. 2004;25:181-191

Barwood CH, Murdoch BE, Whelan BM, Lloyd D, Riek S, O'Sullivan
J, Coulthard A, Wong A, Aitken P, Hall G. The effects of low frequency
Repetitive Transcranial Magnetic Stimulation ('TMS) and sham con-
dition rTMS on behavioural language in chronic non-fluent aphasia:
Short term outcomes. NeuroRehabilitation. 2011;28:113-128
Martin PI, Naeser MA, Ho M, Treglia E, Kaplan E, Baker EH,
Pascual-Leone A. Research with transcranial magnetic stimulation
in the treatment of aphasia. Curr Neurol Neurosci Rep. 2009;9:
451-458

Schneider BM. Focus and selectivity in transcranial magnetic
stimulation. Brain Stimul. 2013;6:460-461

Silvanto J, Pascual-Leone A. Why the assessment of causality in
brain-behavior relations requires brain stimulation. J Cogn Neurosci.
2012;24:775-777

Price CJ. The anatomy of language: a review of 100 fMRI studies pub-
lished in 2009. Ann N Y Acad Sci. 2010;1191:62-88

Schuhmann T, Schiller NO, Goebel R, Sack AT. Speaking of which:
dissecting the neurocognitive network of language production in pic-
ture naming. Cereb Cortex. 2012;22:701-709

Sliwinska MW, Khadilkar M, Campbell-Ratcliffe J, Quevenco F,
Devlin JT. Early and sustained supramarginal gyrus contributions to
phonological processing. Front Psychol. 2012;3:161

Friederici AD. The brain basis of language processing: from structure
to function. Physiol Rev. 2011;91:1357-1392

Neville H, Nicol JL, Barss A, Forster KI, Garrett MF. Syntactically

based sentence processing classes: evidence from event-related brain

A - {978 AANAE LA AHEA BT A7 A=

potentials. J Cogn Neurosci. 1991;3:151-165

15) Levelt WIM, Schriefer, H., Vorberg, D., Meyer, A. S., Pechmann, T.,

~

& Havinga, J. The Time Course of Lexical Access in Speech
Production: A Study of Picture Naming. Psychological Review.
1991;98:122-142

16) Levelt WJ, Praamstra P, Meyer AS, Helenius P, Salmelin R. An MEG

~

study of picture naming. J Cogn Neurosci. 1998;10:553-567
17

~

Azevedo PS, Roméao M, Rebelo E. Advantages, Limitations and
Solutions in the Use of ERP Systems (Enterprise Resource Planning)
— A Case Study in the Hospitality Industry. Procedia Technology.
2012;5:264-272

18

~

Calautti C, Baron JC. Functional neuroimaging studies of motor re-
covery after stroke in adults: a review. Stroke. 2003;34:1553-1566
Cramer SC, Nelles G, Benson RR, Kaplan JD, Parker RA, Kwong
KK, Kennedy DN, Finklestein SP, Rosen BR. A functional MRI study

19

~

of subjects recovered from hemiparetic stroke. Stroke. 1997;28:
2518-2527

20) Johansen-Berg H, Rushworth MF, Bogdanovic MD, Kischka U,

~

Wimalaratna S, Matthews PM. The role of ipsilateral premotor cortex
in hand movement after stroke. Proc Natl Acad Sci U S A.
2002;99:14518-14523

21) Ward NS, Brown MM, Thompson AJ, Frackowiak RS. Neural corre-
lates of motor recovery after stroke: a longitudinal fMRI study. Brain.
2003;126:2476-2496

22

~

Thulborn KR, Carpenter PA, Just MA. Plasticity of language-related

brain function during recovery from stroke. Stroke. 1999;30:749-754

23) Cramer SC, Bastings EP. Mapping clinically relevant plasticity after
stroke. Neuropharmacology. 2000;39:842-851

24) Barwood CH, Murdoch BE, Whelan BM, Lloyd D, Riek S, JD OS,
Coulthard A, Wong A. Improved language performance subsequent
to low-frequency rTMS in patients with chronic non-fluent aphasia
post-stroke. Eur J Neurol. 2011;18:935-943

25) Naeser MA, Martin PI, Nicholas M, Baker EH, Seekins H, Kobayashi
M, Theoret H, Fregni F, Maria-Tormos J, Kurland J, Doron KW,
Pascual-Leone A. Improved picture naming in chronic aphasia after
TMS to part of right Broca's area: an open-protocol study. Brain Lang.
2005;93:95-105

26) Naeser MA, Martin PI, Nicholas M, Baker EH, Seckins H,

Helm-Estabrooks N, Cayer-Meade C, Kobayashi M, Theoret H,

Fregni F, Tormos JM, Kurland J, Doron KW, Pascual-Leone A.

Improved naming after TMS treatments in a chronic, global aphasia

«37



Brain & NeuroRehabilitation 2015; 8: 34-38

patient--case report. Neurocase. 2005;11:182-193 28) Martin PI, Naeser MA, Ho M, Doron KW, Kurland J, Kaplan J, Wang

27) Vuksanovic J, Jelic MB, Milanovic SD, Kacar K, Konstantinovic L, Y, Nicholas M, Baker EH, Alonso M, Fregni F, Pascual-Leone A.
Filipovic SR. Improvement of language functions in a chronic Overt naming fMRI pre- and post-TMS: Two nonfluent aphasia pa-
non-fluent post-stroke aphasic patient following bilateral sequential tients, with and without improved naming post-TMS. Brain Lang.
theta burst magnetic stimulation. Neurocase. 2015;21:244-250 2009;111:20-35

38 »



