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Methods
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MRI-based neuroimaging

Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

No statistical method was used to predetermine sample sizes, as it is particularly difficult to carry out power analyses that account for cluster-
wise inference. This study also employs multi-modal statistical tests, which further complicates matters as any power analysis would need to
account for dependence across imaging modalities. Therefore, we based our sample size on recommendations from previous literature (De
Santis et al., 2014) and on previous studies finding similar effects (e.g. Neubert et al., 2010).

One participant was excluded as the MPM scan was heavily corrupted due to movement artifacts; one participant was excluded due to lower
quality signal in the MPM scan, which resulted in poor registrations with other modalities.

We do not attempt any direct replication within this manuscript. Instead, to maximize our statistical power, we opted to pool all subjects into
a single analysis, resulting in a much larger sample size (n=64) than any previous study using similar TMS paradigms (e.g. n=16 in Neubert et
al., 2010).

We used a within-subject design and no randomization was performed. Randomization and blinding are not relevant to this study, as subjects
were not allocated to different groups.

We used a within-subject design and no randomization was performed. Randomization and blinding are not relevant to this study, as subjects
were not allocated to different groups.

64 healthy participants (36 female, 28 male; mean age across male and female participants: 24.69 years) participated in the
study. All participants were self-assessed right-handed and their handedness was further confirmed through the Edinburgh
Handedness Inventory (mean EHI score: 88.65).

We recruited through advertisement of the study to the general public in the local community (in Oxford, UK). All
advertisement materials were approved by the Central University Research Ethics Committee (CUREC) priori to circulation. All
participants were screened for TMS and MRI safety, received monetary compensation for their participation, and gave their
informed consent to participate in this study.

All study procedures were reviewed and approved by the local ethics committee at the University of Oxford (Central
University Research Ethics Committee (CUREC)), and followed the Declaration of Helsinki.
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Magnetic resonance imaging

Experimental design

Design type

Design specifications

Behavioral performance measures

Acquisition

Imaging type(s)

Field strength

Sequence & imaging parameters

Area of acquisition

Diffusion MRI Used Not used

Parameters

Preprocessing

Preprocessing software

Normalization

Normalization template

Noise and artifact removal

Volume censoring

Statistical modeling & inference

Model type and settings

Multimodal microstructural imaging at rest; within-subject cross-sectional design.

N/A (no behaviour during the MRI scan)

N/A (no behaviour during the MRI scan)

Structural (T1-weighted structural imaging), Diffusion (Diffusion-Weighted Imaging) and other microstructural
modalities (Multi-Parameter Mapping).

3T

The T1w sequence (TR = 1900 ms, TE = 3.96 ms, voxel size = 1mm isotropic, GRAPPA = 2) had a large Field of View (FOV
= 256mm^3) to allow for the nose and intertragic notches of the ears to be included in the image to facilitate later
neuronavigation of the TMS coil to the target position.

Diffusion-weighted Echo-planar imaging (EPI) scans (TR = 3070 ms, TE = 85.00 ms, FOV = 256mm^3), voxel size = 1.5mm
isotropic, multiband factor of 4) were collected for two b-values (500 and 2000 s/mm^2), over 281 directions. An
additional 23 volumes were acquired at b=0, 15 in anterior-posterior (AP) phase-encoding direction and 8 in the
posterior-anterior (PA) phase-encoding direction.

The Multi-Parameter Mapping (MPM) protocol (Weiskopf et al. 2013) included three multi-echo 3D FLASH (fast low-
angle shot) scans with varying acquisition parameters, one RF transmit field map (B1+map) and one static magnetic (B0)
field map scan, for a total acquisition time of roughly 22 minutes. To correct for inter-scan motion, position!specific
receive coil sensitivity field maps, matched in FOV to the MPM scans, were calculated and corrected for (Papp et al.
2016). The three types of FLASH scans were designed to be predominantly T1-, PD-, or MT-weighted by changing the flip
angle and the presence of a pre-pulse: 8 echoes were predominantly Proton Density-weighted (TR = 25ms; flip angle = 6
degrees; TE = 2.3-18.4ms), 8 echoes were predominantly T1-weighted (TR = 25ms; flip angle = 21 degrees; TE =
2.3-18.4ms) and 6 echoes were predominantly Magnetisation Transfer-weighted (MTw, TR = 25ms; flip angle = 21
degrees; TE = 2.3-13.8ms). For MTw scans, excitation was preceded by off-resonance Gaussian MT pulse of 4 ms
duration, nominal flip angle, 2 kHz frequency offset from water resonance. All FLASH scans had 1 mm isotropic
resolution and field of view (FOV) of 256x224x176 mm^3. The B1 map was acquired through an EPI-based sequence
featuring spin and stimulated echoes (SE and STE) with 11 nominal flip angles, FOV of 192x192x256 mm^3 and TR of
500 ms. The TE was 37.06 ms, and the mixing time was 33.8 ms. The B0 map was acquired to correct the B1+ map for
distortions due to off-resonance effects. The B0 map sequence had a TR of 1020.0 ms, first TE of 10 ms, second TE of
12.46 ms, field of view (FOV) of 192x192x256 mm^3 and read-out bandwidth of 260 Hz/pixel.

Whole-brain

Multi-shell diffusion-weighted imaging was used. Two b-values (500 and 2000 s/mm^2) were corrected over 281 directions. An
additional 23 volumes were acquired at b=0, 15 in anterior-posterior (AP) phase-encoding direction and 8 in the posterior-anterior
(PA) phase-encoding direction.

MRI scan pre-processing, analysis and statistical comparisons were performed using FMRIB Software Library (FSL, v6.0),
except for the MPM quantitative map estimation step which was carried out using the hMRI toolbox implemented in Matlab-
based SPM12, as described in (Tabelow et al. 2019).

To bring all volumes into a common space, native FA volumes were skeletonised with Tract-Based Spatial Statistics (TBSS),
and the skeletonisation transforms were subsequently applied to MPM-to-DWI registered volumes. Group-level analyses
were then conducted in skeleton space for all data.

We used a TBSS-derived skeleton based on our subjects as our common space for group-level analyses.

The topup tool was run on average images of AP b0 volumes and PA b0 volumes. The resulting susceptibility-induced off-
resonance field was used as an input for the eddy tool (Andersson and Sotiropoulos 2016), which was run with options
optimised for multiband diffusion data to correct for eddy currents and subject movement.

N/A (structural data)

Voxelwise joint inference was performed through Permutation Analysis of Linear Models, which implements a voxelwise




