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Detection of weak magnetic fields induced by
electrical currents using magnetic resonance imaging
(MRI) is necessary for mapping neuronal activities in
the brain. However, such detection is dependent on the
signal-to-noise ratio and sensitivity limit of MRI.
Evaluation of these factors requires calculation of
radiofrequency (RF) electromagnetic fields in the brain.
To determine the feasibility of detecting the magnetic
fields induced by neuronal activities, we computed brain
eddy current distributions induced by RF magnetic
fields from a birdcage coil in MRI by simulations based
on the finite element method (FEM), and calculated
Johnson noise from the head. With commonly used
parameters, the noise was 43.2 nV. On the basis of a
theory of the signal-to-noise ratio in MRI, we obtained
an equation for the theoretical sensitivity limit for
detecting weak magnetic fields by using gradient echo
phase images. The theoretical sensitivity limits for gray
matter and white matter were 26.1 nT and 21.7 nT,

respectively.
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Fig. 1 Numerical head model for the simulations. (a)
Coronal slice and (b) sagittal slice through the
middle of the model. (c) Model with a birdcage

coil. The head model consists of 13 tissues.
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Table 1 Conductivities of the tissues in a head model ©.

Tissue Conductivity (S/m)
Air 0.0001
Blood 1.206
Bone marrow 0.02108
Cancellous bone 0.1608
Cerebral spinal fluid 2.066
Cortical bone 0.0595
Fat 0.03527
Gray matter 0.5106
Ligaments 0.6881
Mucous membrane 0.4878
Muscle 0.6881
Skin 0.4354
White matter 0.2913
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Fig. 2 Current distributions in MRI represented in (a)
coronal, (b) sagittal, and (c) transversal slices,
and (d) the brain surface.
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Fig. 3 Transversal slice for calculating the signal

intensities from gray matter and white matter ®.
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Table 2 Tissue parameters of gray matter and white matter measured at 1.5 T ® and signal intensities Sggg, signal

intensities in the GRE phase image po, noise in the image v, signal-to-noise ratio in the image SNR, and theoretical

sensitivity limits o p.

Signal Signal-to-n
Proton Signal intensities Noise in oigse ratio Theoretical
T, (ms) T, (ms) density intensity | the GRE the GRE in the GRE sensitivity
. - phase phase limit o
(relative) Sere (V) . . phase
image po | image v (V) image SNR (T)
W) ge >
nirt"gr 955 95 090 | 3.41x10% | 3.18x10% 928.7 9.61%10%
1.11x10%
Xfﬁ 585 85 0.75 3.89x10% | 3.81x10% 34.4 2.17x10°®
5. ¥&8 2) J. Xiong, P. T. Fox, and J.H. Gao: Hum. Brain Mapp., 20, 41
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