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A ke isgge in fhe‘y.‘ek*% noniy asj e brain stimglation (NIBS) is the acggrate locali ation of scalp positions that correspond

. VN
to targeted.cortical areas.

3 ailable nggrong igation- s stem. Mo

e ggrrent gold standard is to combine stygctgral and fgnctional brain imaging ith a commerciall
er, nggrong igation s stems are not commonplace qgtside of specialj ed research

en ironments. Here e describe a technigge that allo s for the gse of participant-specac fgnctional and stygctgral MRI data
to geide NIBS ithqgt a nggrong igation s stem. §grface mesh representations of the head ~ ere generated 4sing Brain Vo ager
and ectors linking ke anatomical landmarks er,‘dr.a n on the mesh. Ogr techniqge as then gsed to calgglate the precise

distances on the scalp corresponding fo these, ectors.y

ese calgglations ere, erﬁg.ed,;sing actgal meaggrements of the head and

the technigge asgsed to identif a scalp position corresponding to a brain area localj edgsing fgnctional MRI.

1.7 %t gt 1

Nonir\} agj e brain stimglation (NIBS) technigges sgch as
repe‘rifé e transcranial magnetic stimglation (rTMS) and
transcranial direct ggrrent stimglation (tDCS) allo  for the
temporar modglation of nggral acf‘i it. ithin the hgman
brain. rTMSin ol estheindgctionef eakelectrical ggrrents
. ithin targeted regions of the cortg y ia brief, timeg ar ing
magnetic‘y.‘elds prodgced. ith a hand-held coil []. tDCS
emplo s head-mqgnted electrodes, hich allo forwa eak
direct ggrrent to interaet ith thegnderl ing cortg [2]. NIBS
can be {:sed fo i estigate the role of indj idgal brain areas
in speclac cognitj e, beh% ioral, or perceptgal processes [ .
In addition, these technigges are being in estigated from a
clinical perspectj e and ggrrent ¢ idence ggggests that NIBS
ma be applicab‘le to the treatment of mgltiple nggrological
and ps chiatric disordersy , 1.

Stadies in 0\1 ing the gse ofplNIBS begin b selecting a
target brain area for stimglation.\ is process is t picall
informed b ¢ idence from brain imaging, animal nggro-
ph siolog , or stgdies in ol ing nggrological patients. §gbse-
qgent steps inclgde the selection of appropriate stimglation
parameters and enggring,that the stimglation is delj ered
to the correct brain area.\ is latter point is partigglarl
important as the stimglation € ects are most pronqgnced in

pyclose prg imit to the rTMS coil and tDCS electrodes [5].

| erefore, acggrate, participant-spec‘iﬁc localj ation of stim-
wlation sites on the scalp is reqgired for optimal stimglation
[6].

A ngmber of approaches can be gsed to identif the
correct scalp position for stimglation. Single pglse TMS can
be gsed to actj ate spechac regions of the primar motor
cortg regglting in motor 6 oked po‘rem{als (MEPs). ithin
the corresponding peripheral mgscle [7].\ e scalp location
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that ¢ okes the strongest MEP can then be (gsed as the
location for rTMS or tDCS. A comparable technigge also
g ists for the  iggal cortg-. hereb single pglse TMS of
the occipital gpgle can be gsed to ¢ oke the percept of a
phosphene [ﬁi e scalp location that ind‘:.ces the most
rohgst phosphene or a phosphene in a spechac, iggal'weld
location can begsed for v iggal cortg sflrrylaflon A similar
fechmq;e can be I4sed for motion sensrq e, ¢ tra- striate
v iggal area M2 hereb TMS can be gsed 0 indgce mg ing
phosphenes [¢]. It has been sho n that this fechmqge is
in good agreement ith localg ation of V 5gsing fgnctional
magnetic resonance imaging [ * ]. Ho g en it is not possible
togse this approach qgtside of the motor and iggal cortices
becagse most brain regions do not prodgce aggte nggroph si-
ological or perceptgal € ectsin response to single pglse TMS.

An al‘rernaq e technigge for identif ipg 2parficipanf-
spechuc s‘rlnylaflon sites on the scalp is the ~ -electrode
s stem, hl‘cf\ as originall des1gned for positioning EEG
electrodes [ ].\ is approach d anes a §r1d of positions on
the scalp that are separated b Y% or % % of the distance
bet p¢en anatomical landmarks ggch as the nasion and the
inion.\ is approach has been (gsed sgccessfgll in a large
ngmber ofbraln stimglation sygdies; ho ¢ er, the mapping of
partigglar Y 2 g stem lpcaflons to speSh.c brain areas can
ar across participants [~ ]

Another alternatj e is to se stygctgral and fgnctional
brain imaging technigges to locali e spechac brain areas
in indj idgals. ith millimetre resolgtion. A ngmber of
frameless stereotactic ng igation s stems g ist for real-time
coregistration of a participant to theiro n MRIimages. Tools
s#ch as a pointeg or a TMS coil can also be registered
v. ithin fhe‘ olgme “ ese s stems t picall 1q ol e gltra-
sqgnd de ices or infrared cameras and a ngmber I of reference
targets mqgnted on the head and NIBS apparatgs. Whengsed
in combination ith stggcigral and fgnctional MRI images
these nggron 1gaf10n—s stems allp  for precise identhaca-
tion of the scalp position corresponding to a partigglar brain

v

gfs e Comblnaflon of brain imaging and a nggrong igation
S stem is the Gg#rrent gold standard in fhe‘ield of NIBS
[‘ ] and ma 1n‘1pr% e the regglts of NIBS-based therapggtic
egyentions 5 ; ho ¢ er, there are some disad an-
fages‘\ ese mc]‘;de d1 Au;wf in gsing these s stems for
stgdies of posterior brain areas that can fall qgtside of the
nggrong igation s stem'dweld of de and, most 1mpor'ranfl
the h1gh cost of these s stems, hich can g ceed $5 ;7.
Technigges h% e been described ‘rha;r allo NIBS to be
targeted gsing generic MRI datasets [2'] ox hen stggctgral
hgt not ﬁ;nchonal MRI data are g ailable for 1nd% idgal
participants [22]. Egrthermore, technigges for identif ing
optimal scalp locations for stimglation based on indj idgal
participant’s nggroanatom are also g ailable ? . Ho g er,
each of these approaches reqgires the gse of a nggrong iga-
tions stem. Here e describe a technigge thatallo s thegse
of 1nd* idgal stygctgral and fgnctional MI}J,‘O gaide NIBS
in the absence of a nggrong igation s ste e approach
is based on ectors dra n pp a mesh that is morphed to
participant- spec’h.c MRI data.\ ese mesh, ectors are then
transposed to the participant’s head b con erting them to
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head meaggrements anchored to anatomical landmarks. We
report comparisons bef een meaggrements made gsing qgr
technigge and actgal head meaggrements. We also gj e an
¢ ample of ho the technigge can be gsed in combination
v. ith fMRItolocali e a stimglation site for iggal area Viina
single sgbject. Viggal area W3 as chosen Yor this § ample as
it can be readil locali ed gsing fMRI and the correspond-
ing scalp position gannot be idenfwed based on a single
anatomical landmark\ erefore, a ngmber of meaggrements
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(e) ()

Fy ﬁuw % & Dmesh morphed to the stygctgral MRI data of a representaf% e participant. Panels (a) (d) sho the anatomical landmarks that
v. eregsed as anchor points for scalp distance calgglptions marked on a T 7 olgme ggrface mesh created gsing Brain Vo ager. N: nasion, RT
and LT: right and le ™tagi, respectj el , and IN:inion\ e lines connecting the anatomical landmarks are patches of interest— (POIs) dza n
#y in Brain Vo ager that link adjacent triangles in the ngsh. Panels (e) and (f) sho closegp, vie s of the mesh  ithqgt the ggrface coloring.
| e mesh has been gt 3 iall atthele el of the inion.\| e smooth ggrface of the head is represented gsing triangglar elements and each of

these elements is d&g.ned b its tricorners.

ssbrqgtines ithin Brain Vo ager. A general linear anal sis
v. as condgcted .and .'rhe regglts. ere is,;a]Ti ed as t-maps
on the anatomical image. Area V&_ as identhwed as a
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Le tragus

FYAUN Splocali ation of a scalp position abq e V5in the le ™
hemisphere.\ e g ial G4t thrqggh the Brain Y&ager mesh.  as
positioned to re eal the most actj e, g elinle ™ elinesdra n
on the mesh sho the POIs that ere gsed to identif the scalp
location corresponding to le ™ 5. Blge: nasion to trang erse plane,
“ hite: fraggs to frang erse plane, red: infersection of nasion, ector
and frang erse plane to intersection of traggs, ector and ’rrang erse
plane, and green: g tension of the, ector to ’rhe scalp position abq e
area V5. Orange regions 1nd1ca‘re areas of fgnctional actj ation in
response to the V5localj ation scans. See the main tg t for a detailed
description of this procedgre.

not ypporfgch is isgge is also relq ant to thegse of nggron-

igation s stems. Selection of the op'rlmal stimglation site is
acomplg process as the electrical ggrrent generatedb NIBS
technigges interacts ith the head and brain anatom in a s
that are gnigge to each participant33 3 5]. A ngmber of
technigges for identif inggptimal NIBS sites based on MRI
data hq e been dq eloped.\ ese cqgld be combined. ith
Qe approach for ‘rransposmg stimglation sites to the head to
fgrtheri imprg e the targeting of NIBS  hen nggrong igation
s stems are not 3 ailable.
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