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Magnetoacoustic Tomography with Magnetic Stimulation (MAT-MS)
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Abstract—We have proposed a new imaging modality,
magnetoacoustic tomography with magnetic stimulation
(MAT-MS) to image the electrical impedance distribution. In
this paper we report out pilot experimental study. In MAT-MS,
the tissue is put in a static magnetic field and a pulsed ( 4S)

magnetic field. The pulsed magnetic field induces eddy current
in the tissue. Consequently, the tissue will emit ultrasonic
waves by the Lorenz force. The acoustic signals are collected
around the object and processed to reconstruct the electrical
impedance distribution in the tissue. A pilot experiment was
conducted and we observed the signals from point metal
objects and metal wire loops.
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. INTRODUCTION

Electrical impedance tomography (EIT) has been
pursued to noninvasively estimate information regarding
distribution of electrical impedance within the body.
However, the spatial resolution of conventional EIT is poor.
We propose a new approach called magnetoacoustic
tomography with magnetic stimulation (MAT-MS) with the
aim of imaging the impedance distribution with high spatial
resolution. It combines ultrasound with magnetic field. In
MAT-MS (Fig. 1), the tissue is put in a static magnetic field
and a pulsed ( 48 ) magnetic field. The pulsed magnetic

field induces eddy currents in the tissue. Consequently, the
tissue will emit ultrasonic waves due to the Lorenz force
produced by the combination of the eddy current and the
static magnetic field.

There are two other imaging modalities similar to MAT-
MS: EIT [1] and Hall Effect Imaging (HEI) [2-5]. EIT is
poor in spatial resolution. HEI is another form of MAT, but
the current is injected into tissue by applying two electrodes
on the surface of the sample. In MAT-MS, a magnetic
stimulator (MS) is used to generate a pulsed current. MS has
been used in research and clinical environment [6-8].
Compared with the other similar imaging modalities, MAT-
MS has several unique features. Firstly, it combines the
good contrast of EIT with the good spatial resolution of
ultrasound. Secondly, it has good imaging depth, because it
uses magnetic field to generate acoustic waves, and
magnetic field can go into tissue deeply. Thirdly, it will not
be affected by the low-conductivity layer of tissue at/near
the surface of human body, such as the skull of the head and
the fat layer on the breast. This is because the magnetic field
can go into the low-conductivity layer easily, while the
electrical current will not. At last, the E induced by a pulsed
B in MAT-MS is a solenoid field, while the field in Hall

Effect Imaging (HEl) and EIT are irrotational E.
Furthermore, this technique is compatible with MRI.
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Fig. 1 lllustration of MAT-MS.

Il. METHODS
The acoustic wave in MAT-MS obeys the following
equation [9,10]
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where P is the acoustic pressure, C is the acoustic speed,

J is the eddy current, and B, is the static magnetic field.
Since

J=oE, (2)

where o is the electrical conductivity of the object and
E is the electrical field. In the above equation, we have
ignored the displacement current —0D /0Ot , because the
ratio of displacement to conduction current is on the scale of
wel o [11], where & is the permittivity of the sample

(~107° F/m in biological tissue) and @ is the frequency,
and the ratio is in the scale of 0.001 at the MHz range in the
biological tissues. The above two equations can be used to
produce the signal in the forward problem of numerical
simulation and to derive the reconstruction algorithm.
However, in this paper, we will only focus on some
experimental aspects.

In our experiments, we use an unfocused transducer
with a central frequency of 1 MHz and a diameter of 13 mm.
It points horizontally to the sample. For good coupling of
acoustic waves, both the transducer and the sample are
immersed in water. A home-made magnetic stimulator
transmits magnetic pulses with a width of 2 £S . The coil of

the magnetic stimulator has a diameter of 80 mm. A
permanent magnet (50 mm by 50 mm by 25 mm) is put
under the sample. The permanent magnet can create a
magnetic field with a flux density of about 0.1 T at 1 cm
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from its surface. A function generator is used to trigger the
magnetic  stimulator, control its pulse length, and
synchronize the oscilloscope sampling. The signal from the
transducer is first amplified through a pulse preamplifier,
then recorded and averaged 100 times by an oscilloscope. A
personal computer is used to control the step motor for
rotating the sample and transferring the data. A
multifunctional card in the computer acts as the function
generator, oscilloscope, and part of the driver for the stepper
motor.

Ill. RESULTS

Firstly, we used a copper stripe with a section of 1 mm
by 4 mm as the sample. Fig. 2 shows the signals after high-
pass filtering. When we moved the copper back and forth,
the peak also moved accordingly, as shown by comparing
the two figures in Fig. 2. The arrival time of the signals
equals the distance between the detector and the copper
stripe divided by the acoustic speed in water. We also
moved the detector around the copper. In most positions, we
could detect the signal from the copper although the
amplitude of the signal varied. Basically, the amplitude of
the signal increased when the detector moved closer to the
object.
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Fig. 2 The signal from a metal stripe after high-pass filtering.

We also imaged a metal loop to test if our device can
image an object with a shape. We chose a wire loop to
reduce the effect of acoustic heterogeneity. Fig. 3 shows the
signal. There are two major peaks with a time delay of about
30 45, which matches with the distance between the front

and rear boundary of the loop when looking from the
position of the transducer. This shows that the two major
peaks correspond to the two boundaries. When we move the
detector around the object, the signal looks similar except
that the time delay between the two peaks is different. These
results show that it is promising to obtain an image of the
metal wire. We are building a scanning system to collect the
acoustic signals around the object.

IV. DISCUSSION

We have proposed the magnetoacoustic tomography with
magnetic stimulation (MAT-MS) and conducted a pilot

20f2

experimental study to test its feasibility. By combining
ultrasound with magnetic field, MAT-MS is expected to
have the good contrast of EIT and the good spatial
resolution of ultrasound. In the pilot experimental studies,
we have observed the signals from point metal objects and
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Fig. 3 The signals from a metal wire loop.

metal wire loops. The MAT-MS signals from biological
tissues will be studied in future investigations.

ACKNOWLEDGMENT

We are grateful to Xu Li for the assistance in
conducting the experiments. This work was supported in
part by NIH EB00178, NSF-BES-0411898, and NSF-BES-
0411480.

REFERENCES

[1] K. Paulson, W. Lionheart, and M. Pidcock, “Optimal
experiments in electrical-impedance tomography,” IEEE Trans.
Med. Imag., vol. 12, pp. 681-686, 1993.

[2] H. Wen, J. Shah, and S. Balaban, “Hall effect imaging,” IEEE
Trans. Biomed.Eng., vol. 45, no. 1, 119-124, 1998.

[3] H. Wen, “Feasibility of biomedical applications of hall effect
imaging,” Ultrason. Imag., vol. 22, 123-136, 2000.

[4] H. Wen, “Volumetric hall effect tomography — a feasibility
study,” Ultrason. Imag., vol. 21, 186-200, 1999.

[5] H. Wen, “Shielding of piezoelectric ultrasonic probes in hall
effect imaging,” Ultrason. Imag., vol. 20, 206-220, 1998.

[6] J. Malmivuo and R. Plonsey, Bioelectromagnetism, Oxford
University Press: New York, 1995.

[7]1 T. Wagner, et.el, “Intracranial measurement of current densities
induced by transcranial magnetic stimulation in the human
brain,” Neurosci. Lett., vol. 354, 91-94, 2004.

[8] K. Davey, and C. M. Epstein, “Magnetic stimulation coil and
circuit design,” IEEE Trans. Biomed.Eng., vol. 47, pp. 1493-
1499, 2000.

[9]1 B. J. Roth, P. J. Basser, and J. P. Wikswo, Jr., “A theoretical
model for magneto-acoustic imaging of bioelectric currents,”
IEEE Trans. Biomed.Eng., vol. 41, pp. 723-728, 1994.

[10] B. J. Roth, P. J. Basser, and J. P. Wikswo, Jr., “Comments on
‘hall effect imaging’,” IEEE Trans. Biomed.Eng., vol. 45, pp.
1294-1295, 1998.

[11] W. Wang and S. R. Eisenberg, “A three-dimensional finite
element method for computing magnetically induced currents in
tissues,” IEEE Trans. Magn., vol. 30, pp. 5015-5023, 1994.

283



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

	header01: IJBEM
Vol. 7, No. 2, 2005
	01: 282
	header02: IJBEM
Vol. 7, No. 2, 2005
	02: 283


