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Abstract. Transcranial magnetic stimulation (TMS) is a modern non-invasive approach
to study brain organization in humans. In TMS a time-varying magnetic fields generate
induced electrical currents in the targeted brain regions with focal location of its maximum.
Using of MRI navigation systems allows to fully realize the advantages of TMS focality for
brain mapping purposes. Due to this development, nowadays motor and speech navigated
TMS (nTMS) mapping is becoming a routinely used procedure in neurosurgery. However,
nTMS mapping for dynamic cortical assessment, for example, to study cortical neuroplastic
changes is still limited. An important reason for that is a lack of a standardized methodology
for nTMS mapping results assessment. Here we propose TMSmap — a free standalone
graphical interface software for quantative analysis of the results of motor nTMS mapping
(hitp://tmsmap.ru/), which allows considering both standard parameters like the size of the
cortical muscle representation and the center of gravity location, as well as the additional
ones such as the volume of the representation, the 3D profile of the muscle cortical area and
the overlap between the cortical representations and other user-defined parameters. The
input data for the software includes the coordinates of the coil position and the response in
each point of stimulation as well as the individual structural MR| data.
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Transcranial magnetic stimulation (TMS) is a modern non-invasive approach
to study human brain organization. In TMS, time-varying magnetic fields gener-
ate electrical currents in the targeted brain regions with a focal activation area
of less than 1 cm? (Ruchonen, Karhu, 2010). MRI navigation for TMS became
available in the past decade and made it possible to fully use the focality of the
TMS approach (Ruohonen, Karhu, 2010). Using MRI navigation systems during
TMS provides navigation with millimeter-level accuracy. Such spatial specific-
ity of navigated TMS (nTMS) is particularly useful for the purposes of cortical
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Figure 1. General view of the software interface.
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mapping. Theoretically, any responses to TMS elicited from a specific cortical
point can be used for nTMS mapping, which makes nTMS cortical mapping a very
promising approach for non-invasive investigation of the human brain. Presently,
however, only presurgical motor and speech nTMS mapping has a widespread use
and is becoming a standard procedure in clinical practice (Tarapore et al., 2016).
Meanwhile, nTMS mapping for the study of cortical neuroplastic changes is still
limited both in clinical and basic research. There are several reasons for that. First,
even for motor nTMS mapping there is no general agreement on which param-
eters of nTMS cortical representations should be assessed. Second, despite the
long history of nTMS cortical mapping, there is still no standardized toolbox or
software for the quantitative analysis of nTMS results. One motivation for a stan-
dardized workflow is to enable results comparison across sessions, participants
and studies and in order to promote a wider use of NTMS mapping for the investi-
gation of dynamic brain changes.

Here we present TMSmap, the software program for the quantitative analysis
of nTMS motor mapping results which addresses the challenges mentioned above.
The current version is free and available for download at the website http://tms-
map.ru/. The software is written in C# on the Windows platform: it is standalone
and has a graphical interface. The input data includes coordinates of the coil po-
sition (MRI coordinate system) and response parameters such as motor evoked
potential (MEPs) amplitude in each point of stimulation and individual structural
MRI. The software makes it possible to consider both standard parameters of the
nTMS motor maps, like the size of the cortical muscle representation and the cen-
ter of gravity location, as well as additional parameters enabling researchers to
consider the variability of the MEP amplitude in each stimulation spot such as the
volume of the representation, the 3D profile of the muscle cortical representa-
tion (Raffin et al,, 2015) and the overlap between representations. The 3D profile
of the muscle representation is built using two approaches: 1) as a total of Gauss-
ians in each stimulation spot depending on the amplitude of the MEP in the spot;
and 2) by finding a smooth surface going through all the stimulation points con-
sidering the amplitudes of the MEPs in each point (ABOS method). The follow-
ing possibilities of the TMSmap will be shown: 1) visualization of the 3D view
of the TMS muscle cortical representations and their overlaps (see Fig. 1); 2) cal-
culation of standard and additional parameters of the motor maps (see Fig. 2);
and 3) comparison of the 3D profiles of the different sessions/different muscles
cortical representations using the Wasserstein metric — the so called earth mov-
ers distance (EMD) metric. At the present moment, the software is validated in
the ongoing test-retest nTMS motor mapping study dedicated to the assessment
of the reproducibility of different parameters of motor maps including additional
ones such as the 3D profiles of the cortical maps and their overlaps.
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METO-
AnHoTauua. TpaHCKPaHHaNbHas MarHUTHas CTUMYNALUA (T Mra)caanﬂercn cour?:::::ﬁ;uwpym
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cnenoBaHua Mo3ra Yenoseka.
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e npubopos Ais :
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WeT BbiTh NOKaNU30BaH Ha y4YacTke pa3m 2 e
i TUBbI MCNONb30BAHWS il
- Weit, OTKPBIND WMPOKKUE Nepenex
coBMeLieHHbIX ¢ MPT-Hasuraty e
" B HacToswee BPEeMA Npeaxupypruveck
Lenen KapTMpoBaHWA KOpbl. Soxiatrss
[BMTaTENbHBIX W PEYeBbIX 30H Nony4aer BCe Gonbliee pacnpocTpaHeHue U CTaHoB s pgﬂ
ol npouenypoi. B To xe Bpems UCNonb3oBalue TMC kaptuposa il
YUMIO LWAPOKOTO PacnpocTpaHeris.
oruu oueHku TMC
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H pazpaboTaHHbIi HAMKU NPOrp
e 6 THan BepCus AOCTynHa
oro TMC kaptupogaHus (becnna p
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Ha caiiTe http://tmsmap.ru/). lporpaMma no3sonaer KONUUYECTBEHHO oueﬂuaa::;a:a;r::g,;:gu
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- BaHUA ABMIAaTENLHOM KOPbI, TaK U Aon
Hble napameTpbl TMC-kapTupo - i
Takue kak Npoduib KOPKOBBIX PENPE3EHTAUMA MbILL, C yHETOM nnmoaanuﬁsc:izﬁfze "
HT -
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aBaeMbie NoNb3oBaTenemM napameTpbl. g :
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crpyktypHoe MPT. )
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