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A ke isee in the eld of nonin asi e brain stinelation (NIBS) is the acerate localj ation of scalp positions that correspond

to targeted.cortical areas.

a ailable ne~rona igation- § stem. Ho e er, ne-rona igation
e describe a technige that allo s for theirise of participant-speci ¢ ¥nctional and stect-ral MRI data
stem. $~rface mesh representations of the head ere generatedising Brain Vo ager
ere dra n on the mesh. @~r technigre
ese calelations ere eri edsing act-al meas~rements of the head and

en ironments. Here
to gride NIBS  itho~t a ne~rona igation
and ectors linking k¢ anatomical landmarks
distances on the scalp corresponding to these ectors.

e trrent gold standard is to combine stect-tral and énctional brain imaging

ith a commercia
stems are not commonplace o~tside of speciali ed research

as thenused to calerlate the precise

the technigre agrsed to iden'ri§ a scalp position corresponding to a brain area locali ed-'sing ¢nctional MRI.

1..mfri U § e

Nonin asi e brain stinwlation (NIBS) technigres sch as
repetiti e transcranial magnetic stim~lation (rTMS) and
transcranial direct e~rrent stintlation (tDCS) allo  for the
temporay modrlation of ne~ral acti if  ithin the hrman
brain. rTMSin ol estheind~ctionof eakelectrical errents

ithin targeted regions of the cort® ia brief, time- ay ing
magnetic elds prodriced ith a hand-held coil [ ]. {DCS
empl? s head-meo~nted electrodes, hich allo for a eak
direcf errent to interact  ith fher.nder}l ing cortd [2].NIBS
can bevsed to in estigate the role of indi idral brain areas
in speci c cogniti e, beha ioral, or percept-al processes [ ].
In addition, these technigres are being in estigated from a
clinical perspecti e and &rrent e idence sggests that NIBS
mg Dbe applicable to the treatment of m~Itiple ne~rological
and Py chiatric disorders [ ,a].

St~dies in ol ing thevse of NIBS begin b selecting a
target brain area for stimrlation.  is process is ‘i pica
informed b e idence from brain imaging, animal ne~ro-
ph siolog ; or stdies in ol ing ne~rological patients. $-bse-
qrent steps inalde the selection of appropriate stinw-lation
parameters and ens-ring that the stinv-lation is deli ered
to the correct brain area. is latter point is partic-lar,
important as the stimration e® ects are most prone-inced in
close prar imif to the rTMS coil and tDCS electrodes [5].

erefore, act~rate, participant-speci ¢ locali ation of stim-
wJation sites on the scalp is regired for optimal stimu-lation
[6].

A mmber of approaches can bevsed to identif the
correct scalp position for stinlation. Single pse TMS can
betrsed to acti ate speci ¢ regions of the prima& motor
cortd res~Iting in motor e oked potentials (MEPS) ithin
the corresponding peripheral nwscle [7]. e scalp location
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that e okes the strongest MEP can then beused as the
location for rTMS or tDCS. A comparable technigre also
& ists for the isal cortd  hereh single prlse TMS of
the occipital pole can bevsed to’e oke the percept of a
phosphene [8]. e scalp location that indrces the most
rob~st phosphene or a phosphene in a speci ¢ isal eld
location can besed for is~al cortd stimtlation. A similar
technigre can bevsed for motion sensiti e, & tra-striate

isal area V5 herely TMS can betsed to indce mo ing
phosphenes [9]. It has been sho n that this technige is
in good agreement ith locali ation of V5»sing ¢nctional
magnetic resonance imaging [ ]. Ho e er, it is not possible
tose this approach entside of the motor and  is~al cortices
becar'se most brain regions do not prodr.ce ae-tte ne~roply si-
ological or percept-al e ects in response to single p-lse TMS.

An alternati e technige for identif ing 7parficipanf-
speci c stimlation sites on the scalp is the -~ -electrode

stem, hich as origina]}l designed for positioning EEG
electrodes [ ]. is approach de nes a §rid of positions on
the scalp that are separated % or~ % of the distance
bet een anatomical landmarks s-ch as the nasion and the
inion.  is approach has beentvsed sccessél] in a large
m-mber of brain stimy]ation stdies; ho e er, the mapping of
partie~lar 2§ stem locations to speci ¢ brain areas can

ay across participants [2].

Another alternati e is tovse stect-tral and énctional
brain imaging technigres fo locali e speci c brain areas
in indi id~als ith millimetre resoltion. A m~mber of
frameless stereotactic na igation § stems & ist for real-time
coregistration of a participant to theiro n MRIimages. Tools
wich as a pointer- or a TMS coil can also be registered

ithin the ol+me. ese § stems { pica]§ in ol evtra-
so~nd de ices or infrared caineras and a m~mber of reference
targets mo~nted on the head and NIBS apparats. Whensed
in combination ith steceral and €nctional MRI images
these ne-rona igation-g stems allo for precise identi ca-
tion of the scalp position'corresponding to a partic-lar brain
area [ |.
e combination of brain imaging and a ne~rona igation
stem is the &~rrent gold standard in the eld of NIBS
%A] and mgy impro e the res~lts of NIBS-based therape-tic
inter entions [ 5 2 } ho e er, there are some disad an-
tages.  ese indde ot invsing these § stems for
st-dies of posterior brain aréas that can fall ®tside of the
ne~rona igationg stem’s eld of ie and, mostimportant] ,
the high cost of these § stems, hich can & ceed $5, .
Technigres ha e been” described that allo NIBS to be
targetedi-sing generic MRI datasets [> ] or hen striceriral
bt not $nctional MRI data are a ailable for indi id~al
participants [”?]. B~rthermore, techniqres for identif ing
optimal scalp locations for stinw~lation based on indi 1d-al
participant’s ne~roanatony are also a ailable [ ].Ho e er,
each of these approaches regrtires thewse of a ne~rona iga-
tion § stem. Here e describe a technig-e that allo s therse
of indi idral steceral and €nctional MRI to gride NIBS
in the absence of a ne~rona igation § stem. e approach
is based on ectors dra n on a mesi that is morphed to
participant-speci ¢ MRI data.  ese mesh ectors are then
transposed to the participant’s head ? con erting them to
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head meas~rements anchored to anatomical landmarks. We
report comparisons bet een meas~rements made-ising o-r
technig-e and actal head measrements. We also gi e an
& ample of ho the technige can bertsed in combination

ith fMRI to locali e a stimlation site for is~alarea VSina
single s-ibject. Vis-al area V5 as chosen for this & ample as
it can be readi] locali edwsing fMRI and the correspond-
ing scalp position cannot be identi ed based on a single
anatomical landmark.  erefore, a mmber of measrements
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(e) )

Fa Un  :A D mesh morphed to the stt-ct-ral MRI data of a representati e participant. Panels (a) (d) sho the anatomical landmarks that
eresed as anchor meints for scalp distance cale-lations marked on a T - olme s~rface mesh createdrsing Brain Vg ager. N: nasion, RT
and LT: right and le tragi, respecti €] ,and IN:inion. e lines connecting the anatomical landmarks are patches of interest_ (POIs)dra n
in Brain Vg ager that link adjacent triangles in the mesh. Panels (e) and (f) sho closevp ie s of the mesh ithet the s~rface coloring.
e mesh has been ot 4 ial] at the le el of the inion. e smooth sirface of the head is represented-ising triang-lar elements and each of
these elements is de ned l} its tricorners.

s-bro-tines ithin Brain VQ ager. A general linear ana] sis
as cond~cted and the res~lts ere is~ali ed as t-maps
on the anaftomical image. Area V5 as identi ed as a
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Le tragus

W

Fg Un 5 Locali ation of a scalp position abo e V5 in the le
hemisphere. e 4 ial et thro-gh the Brainwq ager mesh as
positioned tore eal the mostacti e § elinle V5. elinesdra n
on the mesh sho the POIs that erewsed to identif the scalp
location corresponding to le V5. Bl-te: nasion to trans erse plane,

hite: tragrs to trans erse plane, red: intersection of nasion ector
and trans erse plane to intersection of trag-s ector and trans erse
plane, and green: & tension of the ector to the scalp position abo e
area V5. Orange regions indicate areas of ¥nctional acti ation in
response to the V5localj ation scans. See the main td tfor a detailed
description of this procedre.

nots¥pported.  isissmeisalsorele antto tharse of nerron-
a igation g stems. Selection of the optimal stinwlation site is
a compld “process as the electrical e-rrent generated h NIBS
techniqres interacts ith the head and brain anatony ‘in g s
that arevnigre to each participant [ 5]. A mmmber’ of
technigres for identi}g ing optimal NIBS sites based on MRI
data ha e been de eloped. ese cold be combined ith
o~r approach for transposing stim-lation sites to the head to
6 rther impro e the targeting of NIBS  hen ne~rona igation
§ stems are not a ailable.

e 1afly § 1 F. mgerests

e wthors declare that there is no con ict of interests
regarding the p~blication of this paper.

A tm v‘ve;% ents

is ork aswpported h grants from Marsden E~nd of
the Rq al Societ of Ne * Zealand to Ehsan Vaghe and
from gqe Health Research Comncil, Uni ersif of A~ckland,
Faenlf De elopment Research Bnd, and Arickland Medical
Research Forindation to Benjamin ~ ompson.

Referem es
[ ] M. Hallett, Transcranial magnetic stim~lation: a primer,:
Ned ot ol. 55, no./z,pp. 87 99,7 7

[?] M. A. Nitsche and W. Pe-is, B citabili changes indced in
the lman motor cortd eak transcranial direct t~rrent
stimlationy ol hal of P’gls plogy, ol. 527 no. pp-® 69,
2

[ ] M. C. Ridding and ]. C. Roth ell, Is there a ¢~re for
therapertic-ise of transcranial magnetic stim-lation?- Natii e
Reve ,;I\kurosch e, ol. 8 no. 7 pp. 55 5672 7

[#] J. A. Williams, M. Imam~ra, and E Fregni, Updates of therse
of non-in asi e brain sfirll?lrtlafion in ply sical and rehabilitation
medicine- Joi! hal of Re ha tatov Medirime, ol.4 , no. 5, pp-

5,7 .

[5] M. A. Nitsche, S. Doemkes, T. Karakose et al., Shaping the
e¥ects of transcranial direct e-rrent stimration of the hrman
motor cortd [ Joii tal of Neif op bys logy, ol. 97 no. &, pp.

s 77 7

[6] J. Rohonen and J. Karlt, Na igated transcranial magnetic

;rimvtla‘rion,: Neil op hysvlog# Clitigue, ol.+ ,no. ,pp.” 7

«

[7] A. T. Barker, R. Jalinors, and 1. L. Freeston, Non-in asi e
magnetic stinelation of l-'man motor cortd ~ The Lahat, ol
,no. & % pp. @ 7, 9385,

[8] T. Kammer, Phosphenes and transient scotomas ind-ced
magnetic stinwlation of the occipital lobe: their topographic
relafionship,—l\szopsycllolog'u, ol. 7,no.r2,pp. 9 93 093

[9] L. M. Ste art, V. Walsh, and J. C. Roth ell, Motor and
phosphene thresholds: a transcranial magnetic stinwlation
gorrelation St"Sl ~Nedl opsyc }lolog'u, ol. 9, no.«,pp.#4 5u9,

[ 1B  ompson, C. Aaen-Stockdale, L. Koski, and R. F. Hess,
A derble dissociation bet een striate and 8 trastriate is~al
cortd for pattern motion perception re ealedlﬂsin§ rTMS;
Hiy ahgaibé/lappihg, ol. ,no. ,pp. 5 267 .

H. H. Jasper, efent e elecfrode? stem of the interna-
tional federation Elect o ticep halo§ ap by and Clinial Nedi o-
plysology, ol. ,pp. 7 75 958

U. Her ig, P. Satrapi, and C. Schonfeldt-Letona, Using the
international ~ -” EEG ¢ stem for positioning of transcranial
ma%nefic stim-tlation~ B'a it Topo& ap ly, ol. 6, no.”, pp-95
99,” .

U. Her ig, K. Kolbel, A. P. Wrnderlich et al., Spatial conge--
ence of ne~rona igated transcranial magnetic stim~lation and
$nctional nerroimaging,- Cl itcal Nett op bys ology, ol. ,no.
4,pp.4@ 1687

A. T. Sack, R. C. Kadosh, T. Schmhmann, M. Moerel, V.
Walsh, and R. Goebel, Optimji ing $nctional acerrag of
TMS in cogniti e stdies: a comparison of methods, Joil Hal
of Coghit e Nedl osc@ b, ol.? ,no.fz,pp.f2 7 22 ,2 9.

C. Schonfeldt-Letona, J.-P. Lefarcherr, L. Cardenas-Morales,
R. C. Wolf, T. Kammer, and U. Her ig, e aleofne~rona -
igated rTMS for the treatment of depression,- Ned/ op lys vlog &
Clivmgue, ol.+ ,no. ,pp. 7« 2
T. Wagner, F. Fregni, S. Fectea, A. Grog insk , M. Zahn, and
A. Pastmal-Leone, Transcranial direct e~rrent stim-lation: a
comprter-based l-man model stﬂQ ;Mur oF age, ol. 5 no.
2.2 7

> Pp- i, .
T. Wagner, A. Valero-Cabre, and A. Paseral-Leone, Nonin a-
si e htman brain stimelation, A#tual Revee yof By edial
Engited ing, ol.e,pp. 57 5657 7.

]

(o]

«



38 BioMed Research International

[ 8] A.Datta, M. Bikson, and E. Fregni, Transcranial direct e-rrent
stim~lation in patients ith skl defects and sk-l plates: high-
resoltion comp~tational FEM se~qd of factors altering cortical
errent o 5 Ned o age, ol. 5, no. 4, pp. 268 27872

e

E Fregni and A. Pastal-Leone, Technolog insight: non-
in asi e brain stimlation in neﬂrolog perspecti es on the
therape~tic potential of rTMS and tDCS, Natd e Clibial
P actie Neif ology, ol. ,no.%pp. 8 ¢ ,7 7

[2 ] P. C. Miranda, P. Faria, and M. Hallett, What does the ratio of
injected &rrent to electrode area tell-ts abe-tt e-rrent densi\}



