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Transcranial magnetic stimulation, a technique in which a
pulsed magnetic field from a handheld coil is used to create neuron
depolarizing currents in the cerebral cortex is finding growing
application in the investigation of brain function.  Progress with this
exciting new technique, though rapid, has been hampered by
inexact knowledge of the location and strength of stimulation.
Recently, using MR phase mapping, we were able to obtain in-vivo
maps of the relative strength of the z-component of the TMS coil’s
magnetic field with respect to the cerebral cortex of the individual
undergoing stimulation.  Despite the usefulness of these maps, a full
3D vector representation of the TMS coil’s field is required to
estimate the induced electric currents which actually depolarize
neurons.

In the present work, using in-vivo MR z-component phase maps
as input, a point-by-point difference method was used to solve
Maxwell’s Equations for the x and y components, obtaining the full
three dimensional magnetic vector field corresponding to the
magnetic field of the TMS coil in-vivo.  Knowing the 3D vector
magnetic field produced by the TMS coil at any point in the cortex
will provide the basis for improved, individualized estimates of the
TMS pulse induced electric fields, and significantly improve the
ability to relate response to neuron stimulation and/or inhibition.
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