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ABSTRACT
Magnetoencephalographic recordings, external picoTesla Transcranial Magnetic Stimulation (pT-TMS) 

and a double blind experimental design were used for the evaluation of 10 epilepsy patients (three males, 
seven females). Their ages ranged from 23 to 48 years. Our results showed an enhancement in the 2-7 Hz 
frequency range in five out of nine patients who had a statistically significant difference (55%). The 
pT-TMS could be a significant means for the treatment of epilepsy. Further research should be done prior 
to have final conclusions. 
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INTRODUCTION

The cerebral cortex produces magnetic 
fields that can be measured by 
magnetoencephalography (MEG), a 
non-invasive technique that records the 
action of cortical pyramidal cells 

oriented pa rallel to the surface of the brain. The 
magnetic fields created by epileptic foci is about 
1 picoTesla (pT) (1 pT=10-12 T).

The pT external transcranial magnetic 
stimulation (pT-TMS), invented by Anninos and 
Tsagas (1), has some scientific benefits to patients, 
as already reported in the literature (2-11). 
Specifically, using the electronic device (1), pa-
tients were able to enhance the irregular (2-7 Hz) 

frequencies of brain action (2-11). The “Neural 
Net Model” (11) proposes that pT-TMS causes a 
temporal modulated neuronal inhibition in regions 
displaying irregular action in the variety of 2-7 Hz. 

By using a double blind experiment is that we 
have not studied the effects of pT-TMS on epilepsy 
patients, and our investigation is aiming to notice 
changes in the subjects’ brain in this status. q

MATERIALS AND METHODS

The whole-head 122-channel MEG device has 
already been described in our previous publi-

cations (2-6). There were nine epilepsy 
participants (three males and six females) aged 
23–48, with a mean age of 33.5 years. Patients 
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were referred to our laboratory by practicing 
neurologists. Participants gave their informed 
consent for the method and purpose of this 
research. Troebinger et al (10) used our pT-TMS 
tool on healthy volunteers with a double blind 
experimental design (1). We took two-minute 
MEG to ensure attentiveness for every participant. 
Our study protocol included two sessions. 

In session 1, a two-minute MEG resting state 
was used for calibration of the pT-TMS tool. 

In session 2, a third party set the pT-TMS tool 
to real or sham stimulation where neither the re-
searcher nor the patient knew anything about its 
state. 

Initially, a two-minute MEG was recorded 
(run1). Then, a two-minute of real or sham 
pT-TMS was administered, with participant sitting 
outside the scanner room. Afterwards, other 
two-minute MEG resting state data were obtained 
(run2). Then, pT-TMS stimulation was applied for 
two minutes. A third party switched the device 
from sham to real or vice versa. Afterwards, 
two-minute MEG scan data were recorded (run3).

The software program that detects the ampli-
tude of the primary dominant frequency (MPFD) 
of MEG power spectra after pT-TMS and applica-
tion of Fast Fourier Transform (FFT) and the ana-
lysis and prediction of sham and real stimulus 

FIGURE 1. The MEG record of nine seconds obtained from an  
epilepsy patient (No 1). The primary dominant frequency is 2.7 Hz.

TABLE 1. The highly statistically significant possibility to correctly select 
eight or more events, each with a probability of 0.5, from nine patients
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runs have been described in detail in our previ-
ous publications (2-5). q

RESULTS

Figure 1 illustrates the MEG records obtained 
from an epilepsy patient (reference number 1). 

We observe that the MPFD is 2.7 Hz.
The symptoms in epilepsy patients after sham 

stimulation on the second day in our lab and one 
month after daily pT-TMS application have been 
already described in our previous report (6). We 

noticed that pT-TMS was partially effective in 
one patient but had no effect in three patients.

Table 1 shows that the prospect for properly 
selecting eight or more events with a probability 
of 0.5 from nine patients is highly statistically sig-
nificant. In Patient 5, MPFD was not clear and 
after unblinding, the prediction was 90%. 

Table 2 shows MPFD from real (run2 in Δf(2)) 
to sham (run3 in Δf(3)) and real (run3 in Δf(3)) to 
sham (run2 in Δf(2)) stimulation in the same way, 
for each brain region according to Table 1. 

TABLE 2. Effect of the maximum primary dominant frequency in real and sham stimulations for each patient, according to the 
order of stimulation (run2 sham or run3 sham) of Table 1

TABLE 3. Statistical analysis for the nine patients with the values summarised in Table 2. The results are statistically significant 
at the level of 0.05 (marked bold)
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Table 3 summarizes the statistical analysis for 
the nine participants, with statistical significance 
for five out of nine (55%).

The corresponding channels to each brain 
region have been reported in detail in our 
previous publications (2-6). q

DISCUSSION

Given that epileptic foci emit coherent 
magnetic activity, we attempted to influence 

the foci with the use of pT-TMS device. The 
application of pT-TMS to each functional point of 
seizure activity resulted in a reduction of emitted 
power from this area and attenuation of epileptic 
activity. 

In our research, we used the schedule 
described below.

Day 1 – MEG recordings in our lab (run1). 
We applied sham stimulation, followed by MEG 
recordings (run3). There were no significant 
differences between patients’ MEG.

Day 2 – After sham stimulation there was an 
interview conducted by clinicians. After applying 
real stimulation, MEG recordings were made 
(run2). We observed that the patients’ MEG was 
approximately regular in the best part of them, 
the majority of irregular frequencies being absent.

Day 3 – After real stimulation, clinicians 
interviewed patients and confirmed the MEG 
fin dings.

Day 10 – Patients underwent MEG and were 
then evaluated by clinicians. As most of the 
patients reported a worsening of their 
pretreatment status, we advised their relatives to 
use pT-TMS at home every night (23:00 pm). 
After one month of pT-TMS application, every 
epilepsy patient was re-evaluated by MEG and 
then interviewed by clinicians, who found a 
benefit from this treatment. 

Magnetic fields are effective on seizure acti-
vity due to their transport characteristics and 
alterations they produce in the biological 
membrane properties and stability (9). Given the 
complex cellular systemic and neuroendocrine 
effects of magnetic fields on organic systems, we 
can accept alternative explanations responsible 
for such effects.

CONCLUSION

Based on the 55% effect of pT-TMS, we 
conclude that this method may be a significant 

tool for the treatment of epilepsy patients. 
Further studies are needed before reaching a 
final conclusion. q
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