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Summary: Repetitive transcranial magnetic stimulation (rTMS) is a powerful, non-
invasive tool for investigating cortical physiologic functions in the brain. However,
EEG spectral analysis has not been investigated extensively in rTMS study. The
authors investigated the influence of rTMS on the EEG power spectrum by stimulating
the left frontal cortex in 32 healthy subjects. Stimulation parameters were a 10-Hz
frequency, a 3-second duration, and a 100% motor threshold. The data showed that
ITMS increased the peak frequency of EEG across the scalp within 2 minutes after
stimulation, whereas the value decreased at 3 to 4 minutes. The mean absolute powers
within 3 minutes after rTMS did not differ from those estimated before rTMS, but
increased uniformly at 4 to 5 minutes. The spectra did not change after sham
stimulation. These results indicate that rTMS can influence cortical activities signifi-
cantly by increasing the frequency and amplitude of EEG, and is a useful tool for
helping us understand brain functioi®y Words: EEG—Frequency components—
Power spectrum—Magnetic stimulation.

Transcranial magnetic stimulation (TMS) allows non- indicating that the neuronal networks revealed by EEG
invasive stimulation of the human brain. A large number signals are affected by magnetic pulses. After improving
of studies revealed that repetitive TMS (rTMS) can their EEG recording technology by blocking signal input
influence cortical functions, and the effect depends on for 150 msec after TMS, Izumi et al. (1997) depicted a
the stimulation parameters (Classen et al., 1995; Kujirai markedly slow wave, which occurred in 25% to 80% of
et al., 1993; Wassermann et al., 1993). The relationship records, with a duration ranging from 200 to 600 msec.
between rTMS and EEG activity has been addressed by Recently, interest has focused on the delivery of re-
others (Izumi et al., 1997; Jennum et al., 1994); however, petitive magnetic stimulation. One of the reasons is that
whether rTMS is capable of changing EEG activity and rTMS can disrupt brain functions for a relatively longer
how rTMS affects the activity remain unclear. Bridgers time than a single pulse, thus facilitating the detecting
(1991) declared that exposure to TMS may not have alteration of physiologic processes in the brain (Jahan-
persistent effects on EEG, but transient effects may shahietal., 1997). Jahanshahi et al. (1997) delivered 100
occur. In an investigation of TMS over the right motor trains of rTMS at 20 Hz in six healthy subjects over the
cortex with an intensity of 5% to 10% above the motor left motor cortex, and no abnormalities were found on
threshold, Rossini et al. (1991) demonstrated that EEG EEG after stimulation. However, several studies indicate
from the left central and occipital areas showed an that rTMS can induce epileptic seizures in healthy sub-
increase in peak frequency by approximately 1 Hz, jects (Pascual-Leone et al., 1993; Wassermann et al.,

1996). Classen et al. (1995) reported a case of epileptic
. _ seizure induced by magnetic stimulation. First they de-

Address correspondence and reprint requests to Prof. M. Takigawa, ,. . .

Department of Neuropsychiatry, Faculty of Medicine, Kagoshima Uni- livered 30 stimuli at a 150% motor threshold over the
versity, 8-35-1 Sakuragaoka, Kagoshima City 890-8520, Japan. motor cortex, and then continued with two stimuli at a
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EEG MODIFICATION AFTER rTMS 319

90% motor threshold. An epileptic seizure occurred im- 5 cm to the left of and 5 cm anterior to the vertex, and it
mediately after the transfer of the second stimulus. There was directly beneath the intersection of the two loops of
was no EEG record during the study; hence, it is difficult the coil where the strongest magnetic field was induced.
to determine when the EEG abnormality started. In  The sham stimulation was designed carefully accord-
another study, Bridgers (1991) summarized that rTMS is ing to the study of Klein et al. (1999). First, all subjects
generally safe, but not entirely free from unwanted ef- were naive to rTMS treatment. None of them had re-
fects, and further study to define those effects is needed.ceived the stimulation before. They were blind to how
Therefore, we assumed that rTMS could influence we handled the coil and how we delivered the stimuli.
EEG activities and that such effects varied during differ- They did not know whether the coil should touch their
ent periods after the stimulation. To test this hypothesis, scalp, and did not know the sensation of rTMS before the
we calculated the power spectra of EEG signals and experiment. Also, they did not know whether they would
compared the spectra before and after rTMS. We were receive sham or real stimulation. Second, only one sub-
more interested in investigating how the spectra changedject was stimulated at each time. This prevented the
during the different periods. For this purpose, the left subjects from exchanging their feel of rTMS pulses.
frontal cortex of healthy subjects was stimulated. A total Accordingly, the subjects could not differentiate the
of 5 minutes of EEG was collected after each train. The sham and real rTMS. The coil was placed perpendicular
power spectra were estimated for each minute. Frequen-to the scalp on the left frontal area without direct contact
cies and amplitudes were compared statistically with to minimize the energy flow into the skull. Thus, only the
those obtained before rTMS. sound artifact was elicited. The stimulation parameters
were the same as the real rTMS stimulation.

METHODS AND MATERIALS
EEG Data
Subjects
The subjects were seated comfortably in a semireclin-

Thirty-two healthy men were selected and screened ing armchair in a quiet room. To eliminate the influences
carefully before the study to rule out neurologic or on EEG, the subjects were asked to remain in a relaxed
psychological disorders. They were divided randomly state, avoiding any movement or muscular contraction.
into two groups: the rTMS group and the sham group. They were instructed to close their eyes and avoid mental
Twenty subjects were included in the rTMS group (mean gctivities.
age, 27 years; age range, 22-38 years), and 12 in the Fourteen electrodes were placed on the scalp accord-
sham group (mean age, 27 years; age range, 24-4QGng to the International 10-20 System(fF,, Cs, C,, Ps,
years). All subjects were naive to the purposes and p, T, T, T Te F,, C,, P,, and Q). The linked ear
hypothesis of this study. This study was approved by the electrodes were used as a common reference. Approxi-
local ethics committee, and all subjects gave written mately 5 minutes of EEG signals were recorded before
informed consent. There were no side effects reported the stimulation and after each train. EEG signals were
after the study. amplified by a Neurofax 4421 (Nihon-Kohden Com-
pany, Tokyo, Japan) with a passband filter of 0.1 to 30
Hz. The signals were recorded on paper and stored
simultaneously on high-fidelity magnetic tapes. Off-line,

For TMS, a high-frequency magnetic stimulator (Mag- the signals were sampled from tapes at a sampling rate of
stim Company Limited, Wales, UK) and a figure-of- 500 Hz in 16-bit resolution.
eight-shaped coil were used in the current study. The EEG signals were analyzed continuously with a time
stimuli were biphasic sine wave pulses, with a rise time window of 4 seconds. In fact, the length of the window
of 60 wsec and a duration of 25@sec for each pulse. was 2,048 points. Therefore, every two consecutive seg-
The peak magnetic field was 2 T. The stimulus param- ments contained 48 overlapping points. According to the
eters followed the safety guidelines set out by Wasser- stimulation, the segments were grouped into six periods:
mann (1998). In each subject, two trains (10 Hz; 3 (1) before rTMS, (2) within 1 minute after rTMS, (3) 1
seconds per train; interval, 300 seconds) were deliveredto 2 minutes after rTMS, (4) 2 to 3 minutes after rTMS,
over the left prefrontal area at an intensity of 100% of the (5) 3 to 4 minutes after rTMS, and (6) 4 to 5 minugdter
motor threshold of the right abductor pollicis brevis rTMS. EEG segments contaminated by artifacts were ex-
muscle. The coil was in a flat position and the handle was cluded from analysis. Approximately 10 segments were
pointed toward the occiput. The stimulated position was calculated in each period for each rTMS train.

Stimulation

J Clin Neurophysiol, Vol. 18, No. 4, 2001


ctram
Highlight

ctram
Highlight


320 H. OKAMURA ET AL.

TABLE 1. The effects of factors on the power spectra among different frequency bands

Estimated parameter Effects ) 0 « B y
Peak frequency F 5.05' 0.39 9.74 1.85* 6.64
F, 3.93 9.11" 57.9 2.49* 7.41
F, X Fy 0.56 0.23 0.87 0.34 0.72
Maximal absolute power F 15.6' 11.2" 26.0° 5.73 5.79
F, 4.03 14.9' 9.28 1.73 9.08
F, X F,y 0.23 0.24 0.31 0.38 0.94
Mean absolute power JF 16.7" 17.8" 27.9 3.65 8.78
F, 4.66" 13.3" 6.35' 2.33* 12.8
F, X Fy 0.26 0.18 0.11 0.59 0.92
Mean relative power F 6.94 10.2" 20.2 14.2" 36.6'
F, 6.96' 25.3" 13.8 1.25 15.0
F, X F,y 0.34 0.12 0.30 0.53 0.63

The data ard- values of analysis of variance.

*0.01 < P < 0.05.

TP <0.01.

F,, the effect of factor “channel”; J; the effect of factor “period”; F X F,, the interaction effect of factors “channel” and “period.”

Evaluated Parameters RESULTS

EEG spectral analysis was performed with a conven- The Kolmogorov—Smirov test showed normal distri-
tional fast Fourier transformation algorithm. To observe the butions on the estimated parameté?s> 0.05). For the
effects of stimulation, the spectrum was separated into five sham stimulation, there were no significant differences
frequency bands3 (0.5-4 Hz),0 (4—8 Hz),«a (8—13 Hz), detected by analysis of variance on the peak frequency,
B (13-30 Hz), andy (30—40 Hz). Four parameters were maximal absolute power, mean absolute power, and
estimated on the spectra: peak frequency, maximal absoluterelative power in the six periods?(> 0.05). For the
power, mean absolute power, and relative power. rTMS group, analysis of variance showed a strong effect

The maximal absolute power was defined as the max- for the period factor. The descriptive parameter of Ehe
imal value of power calculated by fast Fourier transfor- value in analysis of variance is summarized in Table 1.
mation. The value was estimated for each frequency Interactions between the period and channel factors were
band as well as for the whole frequency range (i.e., not significant P > 0.05), indicating that the effect of
EEG). The peak frequency corresponded to the maximal the period factor was not modified by electrode site (i.e.,
absolute power. The mean absolute power was computedeEEG signals from different electrode sites had similar
for each frequency band using the following formula: changes).

(the total power of investigated band)/(the data number Table 2 shows the peak frequency before and after
within the band after fast Fourier transformation). There- rTMS. Comparing the values before rTMS, the peak
fore, it stood for a mean value of the absolute power and frequency became faster in all channels within the first 2
was always smaller than its corresponding maximal ab- minutes after the trains. The shift was significant in the
solute power. The relative power was expressed as afrontal area, where the peak frequency was increased by
percentage, representing how many percent of the EEG1.92 Hz at K (P < 0.01), 1.58 Hz at (P < 0.01), and
power belonged to the investigated frequency band: (the 1.72 Hz at i (P < 0.01). Signals recorded around the
total power of investigated band)/(the total power of stimulated site showed similar results. For electrode C
EEG) X 100%. In this study, we were more interested in the peak frequency increased by 1.34 Rz 0.05); for
comparing the results among the periods after rTMS. T, by 1.585 Hz P < 0.01); and for G, by 1.32 Hz P

The Kolmogorov—Smirov test was applied to examine < 0.05). Signals from electrodes far from the stimulated
the normal distribution. Visual examinations using his- site also turned fast, but did not reach significance
tograms were also performed on each dataset. Descrip-(except T,). The values obtained at 2 to 3 minutes, 3 to
tive parameters (means and standard deviations) were4 minutes, and 4 to 5 minutes after rTMS did not differ
calculated. Analysis of variance was performed on each from those before rTMSR > 0.05), indicating that the
frequency band in relation to two factors: “chann&d” effect of ITMS weakened 2 minutes after the end of
“period.” Duncan’s multiple range test was used for post stimulation.
hoc comparisons of individual variables. Significance  The mean absolute power of theband among the
was set aP < 0.05. electrodes was plotted in Fig. 1. The values estimated at

J Clin Neurophysiol, Vol. 18, No. 4, 2001


ctram
Highlight

ctram
Highlight

ctram
Highlight

ctram
Highlight
Skilled in the art

ctram
Highlight

ctram
Highlight

ctram
Highlight

ctram
Highlight

ctram
Highlight


EEG MODIFICATION AFTER rTMS

321

TABLE 2. Peak frequency of EEG recorded at different electrode sites and during different periods

0-1 min after

1-2 min after

2-3 min after

3-4 min after

4-5 min after

Channel Before rTMS rTMS ITMS rTMS ITMS ITMS
F3 8.413+ 1.384 10.33+ 0.419 10.26+ 0.355 8.900=* 0.838 8.109+ 1.722 8.784+ 1.063
F4 8.570+ 1.479 10.15*+ 0.565 10.15+ 0.488 9.031+ 0.837 8.589+ 1.534 8.961+ 0.904
C3 8.878+ 1.336 10.22+ 0.512* 10.18* 0.402* 9.243+ 1.016 8.651*+ 1.598 9.105+ 0.939
C4 9.228+ 1.298 10.13+ 0.598 10.14* 0.496 9.264+ 0.911 8.721+ 1.602 9.161+ 1.094
P3 9.458+ 1.434 10.22+ 0.767 10.34= 0.375 9.653+ 0.990 9.196+ 1.790 9.658+ 0.888
P4 9.549+ 1.432 10.26+ 0.817 10.25* 0.756 9.518+ 0.892 9.220+ 1.827 9.787+ 0.856
T3 9.095+ 1.169 10.68+ 1.302 10.60+ 1.242 9.534* 0.939 9.082+ 1.741 9.239+ 0.882
T4 9.369=+ 1.296 10.78+ 1.774 10.78= 2.091 9.450+ 0.787 8.930+ 1.625 9.470+ 0.482
T5 9.457+ 1.599 10.32+ 0.607 10.21* 0.440 9.760+ 0.984 9.314+ 1.539 9.721*+ 0.543
T6 9.443+ 1.189 10.37£ 0.518 10.38+ 0.708 10.06 + 1.931 9.447+ 1.963 9.573+ 0.738
Fz 8.509+ 1.445 10.23+ 0.475 10.20+ 0.442 8.999+ 0.864 8.514+ 1.519 8.736+ 1.203
Cz 8.834+ 1.256 10.15+ 0.589* 10.20=* 0.444* 9.176+ 1.001 8.548+ 1.591 8.847+ 1.078
Pz 9.418+ 1.402 10.16= 0.675 10.25*+ 0.366 9.622+ 1.072 9.017+ 1.723 9.577+ 0.908
Oz 9.701+ 1.455 10.50+ 0.428 10.39* 0.456 9.937+ 0.901 9.749+ 1.498 9.971+ 0.636
Data are shown as mean standard deviation.
*0.01 < P < 0.05.
TP < 0.01 (compare with the results calculated before rTMS).
rTMS, repetitive transcranial magnetic stimulation.

3 to 4 minutes after rTMS were uniformly lower than DISCUSSION

those estimated in other periods, whereas the estimates at
4 to 5 minutes were the highest among all channels. The
powers calculated before and within 3 minutes after )
rTMS could not be distinguished. The cu'rr'e'nt stgdy .revealed' that rTMS can influence
An EEG example obtained from a subject (age, 24 EEG activities significantly, increasing the peak fre-
years old) is demonstrated in Fig. 2. Although 14 chan- quency and powers. The effect was similar over the
nels of EEG were recorded, only four channels were scalp, and decreased from the second minute after
demonstrated. Power spectra are displayed at two elec-stimulation.
trode sites. The peak frequency increased after rTMS, Previous studies showed that the changes in the EEG
which was most obvious during the first 2 minutes. frequency and power might reflect functional alteration
Topograms of mean absolute power and relative power of brain activities (Siegel et al., 1982nd signals from
of the @ band were seen on all channels. normal subjects had some characteristics of nonlinear

Effect of rTMS

Plot of Mean Power in the Alpha Band

1.4
13 v .....
: "
FIG. 1. Mean absolute power of the band t2p '
before and after repetitive transcranial mag-
netic stimulation (rTMS). The values ob- < 1.1
tained at 4 to 5 minutes after rTMS were 2
uniformly higher than those calculated dur- & 10[
ing other periods, whereas the minimal mean £ '
powers were yielded at 3 to 4 minutes. The @ 0.9~
values calculated before rTMS and within 3 &
minutes after rTMS could not be distin- £ 0.8
guished. The data were averaged for all —o— before
subjects. 07 w01 min,
06 b S ] m?n.
--A-- 2-3 min.
05 : -~ 3-4 min.
F3 F4 C3 C4 P3 P4 T3 T4 T5 T6 Fz Cz Pz Oz ~® 45min

Channel
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(A) Before rTMS
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(B) Within1 min. after rTMS
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(C) 1~2 min. after rTMS
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FIG. 2. EEG waves and power spectra
F4 WA MR A MANMA A WA calculated in a healthy subject. Four-
P3 WM A e~ teen channels of EEG signals were re-

corded and digitized, but only those
recorded at the frontal and parietal ar-
eas are demonstrated. The power spec-
tra displayed were estimated on the

P4\NWWVWVW’VNWW\MMWM 00 10 20 0 10 20Hz
(D) 2~3 min. after rTMS

F3 s b, S0V ] F3 F4 EEG obtained from the frontal area.

The mean absolute power and relative
A A A A A A AR, R

F4 power of all channels are shown in

P3 s A M A A MMAAVMAAN topograms. It should be noted that the
values demonstrated in the topograms

P4 Avmarmsaema iV s AAAR el e I(3|ef'[) are th;a rr?ean power ofI trulab_and. .

e . ecause of the average calculation, the

(E) 3~4 min. after rTMS B values are lower than their correspond-

F3 A ANANM A st M A p A F3 F4 ing maximal power.
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(F) 4~5 min. after rTMS
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P4 AWMV o) ]

i 95 20 0 95 20Hz
u

1000 ms

0 95 200 95 20Hz

0 o5 iwv 10 30 50%

EEG Power Spectrum Mean Power Relative Power
(Alpha Band) (Alpha Band)

dynamics (Jing and Takigawa, 2000b; Meyer—Linden- utes, but during this period, the changes in mean absolute
berg et al., 1998). Because the frequency of a nonlinear power were not apparent. Second, at 2 to 5 minutes after
dynamic system can be altered by external influences, it rTMS, the peak frequency recovered to a level similar to
is reasonable to consider that neuronal activities that that before rTMS. However, the mean absolute power
show nonlinear properties may be affected by TMS obviously decreased at 3 to 4 minutes and increased at 4
pulses. to 5 minutes. These two observations suggest that EEG
It is interesting that the changes in frequency and activity should receive attention during two periods:
power were not simultaneous. First, the peak frequency immediately after and 4 to 5 minutes after the stimula-
increased immediately after rTMS and lasted for 2 min- tion. These findings were supported by the observations

J Clin Neurophysiol, Vol. 18, No. 4, 2001
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EEG MODIFICATION AFTER rTMS 323

of Mottaghy et al. (1998), who indicated that the influ- spheric signal transmission (Hamada and Wada, 1998),
ence of rTMS lasted less than 2 minutes after they and the brainstem also contributes to the spread of
delivered a 20-Hz rTMS train over Wernicke’s cortex in  signals (Kievit and Kuypers, 1975; Mcintyre and God-
healthy subjects. dard, 1973).The effect of rTMS on EEG frequency may

Our results showed an increase in EEG rhythm at all be the result of a direct cortical effect. One mechanism is
electrode sites. The variation at the left central area wasthe neuronal interactions described by Pascual-Leone et
more obvious than that at the right central area, indicat- al. (1993). The excitatory intracortical axons are collat-
ing that the influence of rTMS was stronger for the eral to pyramidal cells and inhibitory interneurons. The
stimulated site and its surrounding areas. The influence latter forms a feedback and projects to the pyramidal
becomes weaker in the distant cortical areas. Recently,cells. Under normal circumstances, excitation and inhi-
Izumi et al. (1997) demonstrated a slow activity of EEG bition balance each other. rTMS upsets the balance by
signals at approximately 500 msec after TMS. Our data accumulating excitatory postsynaptic potentials tempo-
did not contradict theirs for several reasons: rarily, without compensation by inhibitory postsynaptic
potentials because of the differences in the number of
synapses and differences in the conduction along the
myelinated monosynaptic excitatory collaterals (Pas-
cual-Leone et al., 1993). This results in the spread of
excitation and may even induce epileptic seizures (Clas-
sen et al., 1995). This mechanism explains the functional
changes that occur during or immediately after the stim-
ulation. However, our data revealed that the EEG fre-
quency changes approximately tens of seconds after the
rTMS and lasts for approximately 2 minutes, indicating
that some other mechanisms occur in the brain. It is

As they explained, the slow activity was ascribed to worth noting that similar observations have been re-
the sum of cutaneous sensory and auditory evoked po-ported by others (Fauth et al., 1992; Homberg and Netz,
tentials (Izumi et al., 1997). Our observations are con- 1989; Jing and Takigawa, 2000a; Kandler, 1990; Saka-
sistent with the investigation by Rossini et al. (1991), moto et al., 1993). We considered that the delayed
who compared power spectra of theand 8 bands after reaction may involve some complex metabolic processes
the stimulation of the motor cortex.The mechanisms of or may be secondary to activation of some cerebral
effects of rTMS on EEG activities remain unclear. In a structures. For example, evidence from positron emis-
similar experiment, using the same parameters, we foundsion tomographic studies suggests that higher frequency
that directed coherences between cerebral sites changedtimulation (20 Hz) may increase brain glucose metab-
significantly after rTMS (Jing and Takigawa, 2000a). In olism in a transsynaptic fashion, whereas lower fre-
that study, we focused on two periods: 1 to 3 minutes and quency stimulation (1 Hz) may decrease it (Post et al.,
3 to 5 minutes after the stimulation. The directed coher- 1999; Siebner et al., 1999b), and such influence was
ence from the frontal area to the parietal area was correlated to the number of stimuli (Paus et al., 1997).
increased significantly in both hemispheres, especially Marked increase in the expression of c-fos in the differ-
during the first period. Additionally, the effect was much ent layers of the parietal cortex and hippocampus was
stronger for thex band, with the mean directed coher- reported recently in a chronic rTMS study (Hausmann et
ence from the stimulated site to other sites increased byal., 2000), and a direct and fast connection between the
32%. It was interesting that the crossed interhemispheric cortex and brainstem was demonstrated by Meyer et al.
frontoparietal coherence (i.e., fromy o P,, from F, to (1997). Additionally, involvement of a multisynaptic
P;) also increased, although only the left frontal area was subcortical network cannot be excluded (Siebner et al.,
stimulated. A similar phenomenon was observed in the 1999a). However, to explain the mechanism of EEG
current study. The EEG power spectra changed not only modification, one needs to perform detailed studies in the
at the left frontal area, but also at other cortical areas future.The limitation of our study was that only 5 min-
(e.g., R). This finding confirms the conclusion that the utes of EEG was recorded after each train, but our results
brain areas are not isolated from each other, regardless olshowed that the power increased during 4 to 5 minutes,
whether the connections are direct (Jing and Takigawa, although the frequency recovered at that moment. We
2000a). For example, the nonspecific thalamic system recognize this problem and suggest recording EEG sig-
and corpus callosum play important roles in transhemi- nals for a much longer time in future studies.

1. We applied 10-Hz rTMS with an approximate
1.4-T intensity, in contrast to their single TMS with
only a 0.44-T intensity.

2. We were interested in observing the EEG changes
for 5 minutes after rTMS, in contrast to only a
2-second duration in their study.

3. In the EEG segments demonstrated in their report,
there was no slow activity observed from 1 second
after the stimulus; the mechanisms of rhythmic
changes are different.

J Clin Neurophysiol, Vol. 18, No. 4, 2001
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Stimulation Parameters and magnetic brain stimulation after stroke. [lett&dncet1992;
339:362.

The rTMS parameters used in the current study should Hamada K, Wada JA. Amygdaloid kindling in brainstem bisected cats.
. . . Epilepsy Red998;29:87-95.
be considered when extending the current results. Previ-pa smann A, Weis C, Marksteiner J, Hinterhuber H, Humpel C.

ous studies revealed that effects of rTMS depend on Chronic repetitive transcranial magnetic stimulation enhances c-
several factors: (1) intensity of stimulus, (2) frequency of fos in the parietal cortex and hippocampBsain Res Mol Brain

. : : - — Res2000;76:355—-62.
stimulus, (3) duration of train, and (4) intertrain interval. Homberg V, Netz J. Generalized seizures induced by transcranial

These four factors are not completely independent from magnetic stimulation of motor cortex [lettetlancet1989;2:1223.
each other. Combinations of different values form a lzumi S, Takase M, Arita M, Masakado Y, Kimura A, Chino N.

- . . Transcranial magnetic stimulation-induced changes in EEG and
complex pattern. Many studies have investigated the responses recorded from the scalp of healthy huntaestroen-

effect of rTMS with different parameters on the func- cephalogr Clin Neurophysidl997;103:319-22.
tions of cerebral cortex (Chen et al., 1997; Pascual— Jahanshahi M, Ridding MC, Limousin P, et al. Rapid rate transcranial

. magnetic stimulation—a safety studfglectroencephalogr Clin
Leone et al., 1993; Wassermann, 1998). Based on that Neurophysioll997:105:422-9.

research, it is concluded that stimulation at high intensity jennum P, Winkel H, Fuglsang—Frederiksen A, Dam M. EEG changes
may cause the spread of excitation, and short intertrain following repetitive transcranial magnetic stimulation in patients

; ; " with temporal lobe epilepsyEpilepsy Re4994;18:167-73.
interval rTMS may carry the risk of exciting the cortex, Jing H, Takigawa M. Observation of EEG coherence after repetitive

even resulting in epileptic seizures. transcranial magnetic stimulatioflin Neurophysiol2000s;111:
Other parameters that may influence the results are (1) ~ 1620-31.

direction of induced current flow in the brain (i.e., Jing H,Te_lkigawa M. Comparison of hgman ictal, intgrictal an.d nqrmal
lockwi terclockwi T tto et al.. 1999 non-linear component analyse€lin Neurophysiol2000;111:
clockwise or counterclockwise) (Trompetto et al., )8 1282-92.

(2) orientation of the coil's handle (e.g., lateromedial Kandler R. Safety of transcranial magnetic stimulatibancet1990;
direction and posteroanterior direction) (Di-Lazzaro et 835:469-70. o . )
| 1998 K K | 1996 d (3) th h fth Kaneko K, Kawai S, Fuchigami Y, Morita H, Ofuji A. The effect of
a 1 ; Kaneko et al., )' an ( ) the shape or the current direction induced by transcranial magnetic stimulation on
coil (Classen et al., 1995). the corticospinal excitability in human braiBlectroencephalogr
Considering that a number of factors may influence _ Clin Neurophysioll996;101:478—82. _ ,
the effects of rTMS. it is necessary to reiterate that the Kievit J, Kuypers HG. Basal forebrain and hypothalamic connection to
- - ! o Yy ; frontal and parietal cortex in the rhesus monkeysiencel975;
modifications of EEG activities observed in the current 187:660-2.
study are based on rTMS at a frequency of 10 Hz, with Klein E, Kreinin I, Chistyakov A, et al. Therapeutic efficacy of right
) - 0 prefrontal slow repetitive transcranial magnetic stimulation in
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