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The magnetic field has been regarded as both harmful and beneficial for its applications on
human brains including transcranial magnetic stimulation (TMS), but its effects still remain
in question. Here, we determined using single photon emission computed tomography
(SPECT) if 0.3-T static magnetic field could alter regional cerebral blood flow (rCBF) in target
and other brain regions in healthy subjects. The permanent static magnet (0.3 T, unipolar,
disk shaped, 4 cm diameter and 1 cm thick) was placed on the right frontotemporal region of
the brain for each of 14 healthy subjects. Tc-99m ECD perfusion SPECTwas taken to compare
the CBF patterns in the subjects exposed to the static magnet field with those of the resting
and sham conditions.We found that the rCBF was significantly increased in the right frontal
and parietal regions and the right insula. On the other hand, rCBF was rather decreased in
the left frontal and left parietal regions (P<0.05). These results of this basic study suggest
that 0.3-T static magnetic field induces an increase in rCBF in the targeted brain areas non-
invasively, which may result from a decrease in rCBF in contralateral regions.
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1. Introduction

Magnetic fields have long been considered as a potentially
beneficial therapeutic application. When diamagnetic materi-
als such as fibrin, collagen, osteoblasts and red blood cells
(RBC) are exposed to static gradient magnetic fields, they align
either parallel or perpendicular to the direction of the
magnetic field depending on the magnetic anisotropy of the
materials in question (Torbet et al., 1981). Induced magnetic
.
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fields in the brain might affect the membrane or synaptic
properties of neurons, brain functions and thus behavior.
Many studies have consequently applied magnetic fields to
proximal areas of pain and inflammation of patients to
alleviate pain and discomfort due to arthritis, headaches,
sciatica, heel spurs, migraine and so forth (for example,
Stuchly, 1986). The exposure to magnetic fields had opened
up a new range of applications to facilitate bone growth and
speed the healing of fractures.
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Particularly, magnetic stimulation has been used as a
promising non-invasive modality for modulating neural
activities in humans. Repetitive transcranial magnetic stimu-
lation (rTMS) is a less painful, non-invasive method than
direct electric stimulations through surface electrodes placed
on the head. Thus, rTMS has become an important tool
for modulating the functional organization of the brain in
patients with neurological or psychiatric disorders. It has been
reported to be a potentially safe and useful treatment for
various brain disorders, such as depression and Parkinson's
disease (Pascual-Leone et al., 1994; Chen et al., 2004; Hansen et
al., 2004; Boggio et al., 2005; Alisauskiene et al., 2005; Canavero
and Bonicalzi, 2005). In addition, brain stimulation using
magnetic fields is, so far, not known to have serious side
effects compared with electrical stimulation.

However, the clinical utility of TMS as therapeutic
application is only supported by isolated anecdotes, yet not
fully supported by comprehensive epidemiological and
clinical experimental findings (Aleman et al., 2007; Lam et
Fig. 1 – The 0.3-T magnetic field of permanent, static magnet ind
precentral gyrus; PoCG: postcentral gyrus; SPL: superior parietal
al., 2008). Furthermore, epidemiological studies have shown
that oscillating electromagnetic fields of various frequencies
including the magnetic fields produced by power lines of
high-intensity voltage can lead to leukemia and brain
cancers (Wertheimer and Leeper, 1982; Thomas et al., 1987;
Wassermann, 1998). Thus, the effects of magnetic fields on
pathophysiological brain functions depending on the types
(static or oscillating) and intensity (low or high level) of
magnetic field or the target region of the brain are still not
known.

Thus, as a basic investigation, this study aimed to assess
single photon emission computed tomography (SPECT) if 0.3-T
static gradient magnetic field induce increase or decrease in
the rCBF in target or other brain regions in healthy subjects.
Our hypothesis was that (1) static magnet field would exert
changes in rCBF flows in the target-specific regions of the
brain and that (2) this target-specific alterations in rCBF due
to magnetic field of 0.3 T might be associated with rCBF
alterations in other brain regions. To the best of our know-
uced rCBF increase in target regions in axial sections (PrCG:
lobule).



Table 1 – Brain regions exhibiting CBF increases after
static magnetic field exposure (t=1.73, P< 0.05).

Regions Cluster
level

Voxel
level

X, Y, Z

KE T Z

Right frontal lobe,
precentral gyrus (BA6)

438 2.34 2.16 44, −6, 48

Right frontal lobe,
postcentral gyrus (BA4)

438 2.23 2.07 46, −16, 46

Right parietal lobe,
postcentral gyrus (BA2)

547 2.20 2.05 40, −36, 58

Right parietal lobe, superior
parietal lobule (BA7)

101 1.94 1.83 34, −48, 62

Right insula 223 2.30 2.413 38, 12, −2
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ledge, this is the first neuroimaging confirmation of rCBF
changes resulting from static gradient magnetic fields applied
to the human brain.
Fig. 2 – The 0.3-T magnetic field of permanent, static magnet ind
axial sections (PW: parietal lobe white matter).
2. Results

We found that after 20 min, static magnet exposure on the
right frontotemporal area, the rCBF was significantly
increased in the precentral and postcentral gyrus of right
frontal regions (BA4 and BA6) (P< 0.05), the postcentral gyrus
and superior parietal lobule of right parietal lobe (BA2 and
BA7) and the right insula (P< 0.05) (Fig. 1 and Table 1). This
result indicates that 0.3-T static magnetic field induces an
increase in rCBF in the targeted brain areas non-invasively.

On the other hand, more interestingly, we found that the
rCBF exhibited a decrease in the white matter of left parietal
lobe and in the pons of left brain stem (P< 0.05) (Fig. 2 and
Table 2). Taken together from these findings, we suggest
that static magnetic field of 0.3 T induces a significant
increase in rCBF in the target region (i.e. the right fronto-
temporal region), which might arise from decreases in rCBF
in the contralateral regions of the location where rCBF
increased (see Fig. 3).
uced also induced rCBF decrease in contralateral regions in



Table 2 – Brain regions exhibiting CBF decreases after
static magnetic field exposure (t= 1.73, P< 0.05).

Regions Cluster level Voxel
level

X, Y, Z

KE T Z

Left parietal lobe,
white matter

62 2.68 2.43 −28, −46, 28

Left brain stem, pons 87 2.59 2.35 −16, −38, −32
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For comparison of sham exposure, we found that sham
magnet on the right frontotemporal area did not have any
significant rCBF changes in the right frontotemporal regions.
However, rCBF exhibited a decrease in the superior frontal
gyrus of left frontal lobe (BA8) and precuneus of left parietal
lobe (BA7), as shown in Fig. 4 (see also Table 3).
Fig. 3 – The 0.3-T magnetic field of permanent, static magnet
induced rCBF changes in 3D (red: increased rCBF; green:
decreased rCBF).
3. Discussion

Tc-99m ECD perfusion SPECT imaging was performed to
investigate possible rCBF alterations in the static magnet-
targeted and the rest of brain regions. The experimental
results indicate that brains are affected byweak static gradient
magnetic fields at 0.3 T and show the alteration in the
perfusion status. We found a significant increase in the rCBF
in the target-specific regions (the right frontal (BA4 and BA6)
and right parietal (BA2 and BA7) regions), which is consistent
with previous studies reporting that static magnetic fields at
0.2 T have significant biological effects on neuronal functions
in humans (Pacini et al., 1999, 2003) and that static magnetic
fields in the 10- to 20-mT range can influence developmental
aspects and functional properties of neurons in a variety of
animalmodels (Espinar et al., 1997). Also, it was demonstrated
that static gradient magnetic field significantly enhanced
vasodilation (Okano et al., 1999) and had a biphasic modula-
tory effect onmicrovascular tone, acting to normalize the tone
following exposure (Okano et al., 1999; Morris and Skalak,
2005).

More interestingly, a decrease in CBF changes was found in
contralateral hemisphere of the brain as indirect effects of the
static, gradient magnetic fields. When the magnetic stimulus
is applied to the region of interest, the experimental results
showed that it is not probable to selectively increase or
decrease rCBF (i.e. induce an excitation or inhibition) on the
targeted regions in isolation. The neuroimaging data suggest
that the observable pattern is for the static magnet field to
induce an excitatory response in connection to an inhibitory
response. Increasing viscosity and resistance generally inhi-
bits the rCBFs, but it also inhibits the inhibitory inputs such
that disinhibition takes place so as to increase rCBF. Previous
studies already indicated that at a high level magnetic field,
blood flow viscosity increases (Yamamoto et al., 2004).

In the sham condition, we used a fakemagnet (steel) that is
the same shape, size and weight as those of the static magnet
that we have used. There was no rCBF increase in the targeted
regions. This suggests that the target-specific increases in CBF
during static magnet-targeted exposure are due to the static
gradient magnetic fields. However, we found rCBF decreases
in the superior frontal gyrus of left frontal lobe and precuneus
of left parietal lobe. It did not have any placebo effects or
compression effect due to the placement of themagnet on the
head with a headband. The fact that rCBF changes in the
superior frontal gyrus of left frontal lobe and precuneus of left
parietal lobe suggests us further investigation on this issue.

The perfusion status of the targeted region changed,
accompanied by decrease in rCBF in different areas of the
brain. What is the possible mechanism of this finding? We
speculate that static magnetic field may modulate membrane
potentials or thresholds for action potentials and thus
increase neural excitability, which requires rCBF with oxygen.
On the other hand, this increase on CBF in target regions
possibly requires decrease in CBF in the other hemispheric
regions indirectly. Apparently, functional and anatomical
connections within the brain regions are responsible for the
observed rCBF drops in multiple areas, while there were
target-specific magnetically induced rCBF increases. For
instance, rCBF increased in the following area: the right insula.
We hypothesized that only the right frontotemporal regions
would be affected by static gradient magnetic field induced
changes. This apparently results from anatomical connec-
tions from the right frontotemporal regions and the functional
organization of different brain regions that are as yet only
poorly understood. Furthermore, there were deactivations
(rCBF drops) in the left hemisphere: the superior frontal gyrus
of left frontal lobe (BA8) and precuneus of left parietal lobe
(BA7). At this point, the finding of interest is the apparent
underlying structural and functional relationships ofmultiple,



Fig. 4 – Sham magnets induced rCBF decrease in axial sections (SFG: superior frontal gyrus).
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diverse brain regions suggested by the application of the static
gradient magnetic field.

Since magnetic fields at 0.3 T from a permanent magnet
induce rCBF changes, careful attention to TMS devices is
needed in this regard. The feasibility of TMS was investigated
based on the long-term potentiation (LTP) in the rat hippo-
campus (Ogiue-Ikeda et al., 2003). Rats were magnetically
Table 3 – Brain regions exhibiting CBF decreases during
sham exposure (t= 1.73, P< 0.05).

Regions Cluster
level

Voxel
level

X, Y, Z

KE T Z

Left frontal lobe, superior
frontal gyrus (BA8)

132 2.89 2.55 −22, 36, 50

Left parietal lobe, precuneus
(BA7)

63 2.76 2.46 −6, −64, 36
stimulated and their hippocampus was subsequently dissect-
ed in transverse slice sections. Changes in synaptic plasticity
of the hippocampal neurons degenerated by application of a
strong TMS were found. However, the intensity of TMS for the
maximum efficacy stimulus still remains in question. Al-
though the TMS is time variant and a permanent magnet is
static, the responses observed during the application of
combined static and alternating fields are reported not to
differ from the sum of their responses compared to the fields
applied individually (Bell et al., 1991, 1992). In vivo animal and
in vitro experiments have suggested some possible mechan-
isms for electromagnetic field (EMF) effects. It is known that
the EMF emitted by commercial mobile phones affects rCBF in
humans (Huber et al., 2002; Aalto et al., 2006). This study
suggests that EMF can induce rCBF changes, which might be
associated with magnetic field effects.

To confirm the effect of static magnetic field on rCBF
patterns, animal studies using rats or cats are needed. We
believe that this effect could be reproduced in rats or other
animals. However, we should take into account for the degree



Fig. 5 – The illustrative location of the static magnet/sham
magnet on the head of the subject (i.e. the right frontotem-
poral area).

216 B R A I N R E S E A R C H 1 3 1 7 ( 2 0 1 0 ) 2 1 1 – 2 1 7
of localization of the static magnet. Although static magnet
has various sizes from several millimeters of the radius to
several meters, some of the smallest magnets is still too large
for small brains of rats to focus on the target regions of rats
which are possibly implicated as human brains.

One of the limitations we should take into account in this
study is a small sample size (n= 14). Although we could
observe changes in one targeted region with small number of
subjects, future longitudinal investigations should be per-
formed to understand the effects of the duration of the
magnetic fields in varying strengths, polarities of the magnet
and the sham condition. Multiple locations should also be
tested for their associated rCBF perfusion status. In addition,
static gradient magnetic field with different intensities can be
used to correlate with the rCBF changes. To assess the
complex and dynamic effects of magnetic fields, both static
and alternating, it will be necessary to test for both uniform
and gradient magnetic fields in multiple areas in the brain
with different intensities in a series of carefully devised
experiments.
4. Experimental procedures

4.1. Subjects

Fourteen healthy volunteers (M:F=7:7, age=31.6±5.5 years
with range of 24–41 years) were recruited by an advertisement
of the local community and participated in this study. All
subjects were right-handed and had normal or corrected-to-
normal vision. In the self-reported questionnaire, none
responded as having a history of neurological or psychiatric
disorder or having previously used any magnetic therapy or
being taking any antidepressant medications (e.g. fluoxetine,
nortriptyline, amitriptyline) that might hinder with the brain
perfusion status. They signed the informed consent forms
approved by IRB in the Catholic University of Korea after
careful explanations. Institutional review boards (IRB) of the
Catholic University of Korea approved all experimental
procedures.

4.2. Magnets

The magnets used in this study were commercially available,
ceramic magnets (3000 gauss, unipolar). Each was a disk
shaped magnet that weighed 85 g and had a surface field of
0.3 T, 4 cm diameter and 1 cm thick. The north side of the
magnet was placed on the right frontotemporal regions for the
magnetic stimulus as shown in Fig. 5 because the right
frontotemporal region is the locationwhere the rTMS stimulus
is usually applied in therapeutic treatments.

4.3. Paradigms and data acquisitions

The experiment was double blind and counterbalanced. The
SPECT was taken under three experimental conditions:
control (n=14), magnetic (n=12) and sham (n=6). Three
conditions were randomly mixed, and SPECT images of
magnetic stimulation, sham and control conditions were
taken 3 days apart. All SPECTs were performed with the
subject supine on a bed in an isolated, dark, quiet room. The
0.3-T magnet was placed on the right frontotemporal region
for 20 min. SPECT images were obtained after 20 min from the
intravenous injection of approximately 740–925 MBq of Tc-
99m ECD using amulti-detector scanner (ECAM plus; Siemens,
Eriangen, Germany) equipped with a low-energy and fan-
beam collimator. Tc-99m ECD SPECT images were corrected
for tissue attenuation using a standard commercial correction
routine, which assumes a uniform attenuation with the
circular shape of the head. During tracer uptake, we let the
subjects lie down on the bed at rest without any cognitive
tasks or loads in the dark, silent room to protect them exposed
to other stimuli except static magnet fields. Magnets were
held in position with a headband and the experimenters hold
the magnet in place so that the weight of the magnet did not
affect possible rCBF changes. For the shamexposure, imitation
magnet (steel) of identical weight and size was placed on the
same region for 6 subjects among 14 control subjects for
20 min.

4.4. Data processing using statistical parametric mapping
(SPM)

The software for image manipulation included the Matlab
(version 5.3, Mathworks, Natick, MA) and SPM2 (Wellcome
Department of Imaging Neuroscience, University College of
London, UK) softwares. The reconstructed SPECT data with
attenuations and scatter correction were reformatted into the
analyzer (Mayo Foundation, Baltimore, MD, USA) header
format. The header format of the SPECT data included 348
bytes of header, 3.9 mm of x and y pixel size and a 3.9-mm
thick slice. Image analyses were performed on an IBM PC with
a Windows XP operating system. The SPECT data with
attenuation and scatter correction were converted into
ANALYZE format. The mean pixel intensity across all slices
of the imaging volume was calculated. Each pixel was then
thresholded at 80% of this value to eliminate background
noise and the brain-edge halo effect caused by partial-volume
error, without losing any imaging data specific to the brain.
Each SPECT scan was then spatially normalized by 12-
parameter affine warping and sinc-linear interpolation to
the SPECT template brain from the Montreal Neurological
Institute and reformatted to a 16-bit image of 79×95×68
voxels, each 2×2×2 mm in size. Data were normalized to a
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SPECT template for a better resolution (Montreal Neurological
Institution Template) and smoothed with 16 mm full-width at
half-maximum (FWHM) prior to SPM statistical analysis. The
normalized SPECT data of the 7 magnetic subjects were
compared to their corresponding normal states. Group con-
trasts in rCBF were estimated at each voxel using the general
linear model of SPM99 (Ashburner and Friston, 1999).

A paired t-test model was fitted and a t-statistic image
(SPM[t]) was constructed. The t-statistic image was threshold
at t>2.54, corresponding to an uncorrected p-value <0.01, in
conjunction with a cluster filter of 50 voxels. And for sham
comparison, a two-sample t-test model was fitted and a t-
statistic image (SPM[t]) was constructed. The t-statistic image
was thresholded at t>1.73, corresponding to an uncorrected p-
value <0.05 in conjunction with a cluster filter of 50 voxels.
Combined application of a statistical threshold and cluster
filter has previously been shown to substantially reduce the
false-positive identification of activated pixels at any given
threshold. For the purposes of visualization and anatomic
localization, the t-score clusters were projected onto standard
high-resolution T1-weighted MRI templates.
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