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PROTOCOL:
This study was conducted in accordance with national and international ethics guidelines for human research. Retrospective analysis of anonymized patient data collected during routine care was performed with informed consent obtained at the time of care, in accordance with French regulations. Demonstration data from healthy subjects, who are co-authors of the manuscript, were included with written informed consent for participation and publication of data and images. This is the current protocol used in Henri Mondor Hospital (Créteil, France) and Aarhus University Hospital (Denmark) for preoperative planning in brain tumor surgery.

Acquisition of neuroimaging data for neuronavigation

Verify the absence of contraindication to nTMS and MRI using medical records and patient interview, including intracranial ferromagnetic device, uncontrolled epilepsy, pacemaker, pregnancy, or breastfeeding35.
Acquire a high-resolution anatomical brain image that includes both ears and cranial vertex to allow accurate brain reconstruction by the neuronavigation system.

Prepare the subject

Import the subject's anatomical MRI image into the neuronavigation system to generate a 3D brain reconstruction.
Mark the key anatomical points on the MRI within the neuronavigation software (nasion, right ear, left ear).
Position the subject on a comfortable armchair, with a slight recline to reduce back tension38. Adjust the headrest to support the head and neck at the inion.
Place the head tracker on the forehead 
Co-register the key anatomical points on the patient with the imported image in the neuronavigation software 

Use the digitizing pen to mark the anatomical landmarks. 
Refine the registration by digitizing additional scalp points (scalp-surface matching).
Validate the co-registration, with a co-registration error below 3 mm (2 mm preferred).

[bookmark: _Ref207366393]Preparation of mapped muscles

0. Give earplugs to the subject and wear protective earmuffs during stimulation.
0. Prepare the skin over the target muscle by gently scraping the skin with alcohol pads 
Place surface electrodes on the muscles of interest 
Place the ground electrode on a neutral site
Connect all electrodes to the EMG amplifier.
Start EMG acquisition and verify that the muscles are at rest.

Coarse mapping 
0. On the rendered brain volume in the software, adjust the peeling depth between 15–25 mm deep to the scalp, case-by-case, to best reveal the cortical anatomy. 
0. Start the stimulator unit.

Position the stimulation (figure-of-eight) coil tangential to the scalp
Stabilize the coil with one hand on the handle and the other on the coil to keep stable contact with the scalp during repositioning. 

[bookmark: _Ref207365619]Stimulate at an intensity adjusted to elicit responses within the 100–500 µV amplitude range46. 

The coil orientation for the coarse mapping (as well as the fine mapping) depends on the limb mapped :
For the upper limb and the face: keep a coil orientation perpendicular to the central sulcus (sulcus-aligned), to maintain an induced electrical current in a posterior-to-anterior direction47.
For the lower limb: keep a coil orientation perpendicular to the sagittal midline, with an induced electrical current in a mid-to-lateral direction34. Alternative coil orientations include parallel to the sagittal midline48–50 and/or perpendicular to the folds of the paracentral lobule and the precentral gyrus.

[bookmark: _Ref207366296]Perform stimulations over the precentral gyrus.
Space stimulation points 2–5 mm apart.
sample three parallel lines across the gyrus. 
Space each stimulation by at least 1.5 s, with a randomized interstimulus interval.

Stop the coarse mapping once 20–30 responses per muscle are recorded.
Review all MEPs to exclude contaminated recordings.

Identify the “hotspot” for each muscle. The “hotspot” is the stimulating point that elicits the MEP of the largest amplitude. To ensure reliable hotspot definition51:
Display the recordings of each muscle using a normalized color scale.
Locate the area containing MEPs of the highest amplitude.
Select the highest-amplitude MEP within this area

For each muscle, select the hotspot to determine the resting motor threshold (RMT). This will save the coil position and orientation throughout the RMT determination process, ensuring reliable measurement52.
Determine the RMT for each muscle separately 

Fine mapping

0. Ensure that the subject is fully relaxed, without involuntary muscle contraction.
0. For each muscle, perform the stimulation at 105–110% of its RMT.
Use the same coil orientation as during coarse mapping (see steps 4.5 and 4.6).
Reduce the spacing between stimulation points (4–6 parallel lines per gyrus).
Maintain an interstimulus interval ≥ 1.5 s, preferably randomized.

Delineate functional motor maps as cortical areas where nTMS generates MEPs ≥ 50 µV .
Perform the stimulation until motor maps are bordered by one or two consecutive lines of negative sites that fail to elicit MEPs.

0. Ensure that the motor maps are elliptic, with a few negative sites inside. For negative stimulation points within the motor map, perform additional stimulations at different moments during the evaluation to control for transient changes in motor cortex excitability.

Post-processing analysis of MEP data and export

Review and adjust MEPs for each muscle.
Open the MEP review panel or signal viewer in the neuronavigation software.
Inspect each recorded MEPs to correct amplitude and latency and adjust markers if needed.

Exclude artefactual or abnormal stimulation points.
Display the motor map for each muscle in a binary format 
Export the positive stimulation points at 15, 20, and 25 mm depth in binarized DICOM format. Use these files for fiber-tracking to reconstruct the CST, using the positive stimulation points as seeds for the tractography.

Post-processing analysis of motor mapping

Import the DICOM of the motor maps into an image analysis software suitable for neurosurgical neuronavigation for brain tumor removal.
Register the anatomical image (T1w) with the motor maps DICOMs and the DWI. Import and register additional images if necessary.
Generate objects from the motor map DICOMs and enlarge them by 2–3 mm to improve sensibililty59.
Crop the motor maps to remove ears and nasion to prevent abnormal fiber reconstruction during fiber-tracking.
Draw an ending ROI manually at the inferior pontine level, ipsilaterally to the mapped hemisphere.
Perform the fiber-tracking, using the motor map ROIs as seeds, and the pontine ROI as the endpoint. Commonly used tractography algorithms include deterministic streamline tracking or probabilistic tractography depending on the clinical question and the fiber-tracking outcomes.
Adjust the parameters of the fiber-tracking on a case-by-case analysis. 
Segment the brain tumor on other images (e.g. FLAIR, gadolinium T1w) and create a corresponding object.
Display the CST either for each limb's part (in different colors) or for the entire motor mapping.
Integrate all the data (cortical seeds, CST, brain tumor object) into the OR navigation software for neurosurgery.
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