
Published online: March 30, 2019
J

o
u

r
n

a
l

o
f

In
t

e
g

r
a

t
iv

e
N

e
u

r
o

s
c

ie
n

c
e

J. Integr. Neurosci. 2019 vol. 18(1): 17–21
©2019 Anninos et al. Published by IMR Press. All rights reserved.

Original Research

MEG recordings of patients with cerebral palsy before and
after the application of pico-Tesla weak magnetic fields
Photios Anninos1,∗, Athanasia Kotini1, Adam Adamopoulos1 and Nicolaos Tsagas2

1Laboratory of Medical Physics, Medical School, Democritus University of Thrace, University Campus, Alexandroupoli

68100, Greece
2Department of Electrical Engineer, Polytechnic School, Democritus University of Thrace, Alexandroupoli 68100, Greece

*Correspondence: anninos@med.duth.gr (Photios Anninos)

DOI: 10.31083/j.jin.2019.01.104

This is an open access article under the CC BY-NC 4.0 license (https://creativecommons.org/licenses/by-nc/4.0/)

MEG data for five cerebral palsy patients were taken us-
ing a whole-head 122-channel MEG system. An exper-
iment was designed to identify the possible effect of ex-
ternal pico-Tesla weak magnetic fields. The subjects were
five male volunteers 17-46 years of age. External stimula-
tion, field amplitude 1-7.5 pico-Tesla, was applied to each
subject at their alpha-rhythm frequency. Fast Fourier trans-
forms were applied to the data of all MEG channels and
the rhythms of the patients were evaluated before and after
pico–Tesla transcranial magnetic stimulation. The appli-
ance of pico-Tesla weak magnetic fields showed the brains
of the cerebral palsy patients had an enhance of the fre-
quencies of (2-7 Hz) for each patient. This was followed
by an improvement and normalization of their MEG. The
results had a statistical significance in four out of five sub-
jects (80%) and suggested the stimulation provided a pos-
itive contribution to the management of the symptoms of
cerebral palsy patients.

Keywords
MEG; cerebral palsy; pT-TMS; Fourier transform; alpha frequency

1. Introduction
The technique of transcranial magnetic stimulation (TMS) of

the brain provides promising results in neurologic and psychi-
atric disorders due to its investigational, diagnostic, and therapeu-
tic prospective (Hameed et al., 2017). Anninos and Tsagas (1995)
invented an electronic device that emits pico-Tesla (pT) TMS (1
pT = 10−12 Tesla) and increases the frequencies of (2-7 Hz) to-
ward the alpha frequency (8-13 Hz) of each patient (Anninos et
al., 2016a,b,c, 2008, 2007, 2003, 2000, 1986). One probable elec-
trophysiological explanation for the effectiveness of pT-TMS has
been provided by the “Neural Net Model” (Anninos et al., 1986).
This model suggests that magnetic stimulation induces a tempo-
rally modulated neuronal inhibition in regions that exhibit abnor-
mal activity in the frequency range of 2-7 Hz. This hypothesis is
agreement with information reported by other researchers (John ,
1967).

This paper aims to identify any change in the brain state of

cerebral palsy (CP) patients with the use of a pT helmet electronic
device (Hameed et al., 2017). Only Pihko et al (2014) have pre-
viously investigated and reported the reactivity of sensorimotor
oscillations in children with hemiplegic CP to the use of magne-
toencephalography (MEG) and TMS. Their results were in agree-
ment with extensive alterations found in information processing in
the sensorimotor system.

2. Methods
2.1 Data Acquisition

MEG recordings were filtered with cut off frequencies at 0.3
Hz and 40 Hz. The MEG sampling frequency was 256 Hz. The
research protocol were approved by the Research Committee of
our University.

A whole-head 122 channel MEG (Neuromag-122, Neuromag
Ltd, Helsinki, Finland) was employed for recording in a magneti-
cally shielded room. The study group was five male CP subjects
in the age 17-46 years.

2.2. Data analysis
We developed a software program to detect the amplitude of

the primary dominant frequency of the power spectra of the MEG
obtained from every CP subject and channel after the appliance of
fast Fourier transform (FFT). The alpha frequency (8-13 Hz) was
employed for calibration of the electronic device and the frequen-
cies 2-7 Hz were used in the analysis of the power spectra of the
MEG records obtained from each CP patient and channel after the
analysis by FFT.

The FFT algorithm was employed to obtain maps of the power
spectra of the MEG data. Different map colors represented differ-
ent dominant frequencies. The numbers in the map squares rep-
resent the 122 MEG channels studied in all areas of the brain ac-
cording to Table. 1.

Each CP subject was scanned in two sessions. The first one
consisted of a two minute resting state MEG scan and was used
to establish the subject’s alpha frequency (8-13 Hz) for calibration
of the pT-TMS device. In the second one the pT-TMS electronic
device was set to real stimulation and two minutes of pre-stimulus
baseline MEG data were recorded. Next, two minutes of real pT-



Figure 1. A) Nine secondMEG record obtained from a CP patient. B)
The application of FFT to the MEG record gives the primary dominant
frequency as 2.8 Hz.

Figure 2. Power spectra map for subject one. A) Before pT-TMS, and
B) After pT-TMS.

TMS stimulation were administered with the patient sitting com-
fortably just outside the scanner room. Following this stimulation,
a further two minutes of resting state MEG was acquired from the
subjects.

2.3. The pT-TMS electronic device
The pT-TMS electronic device is a modified helmet containing

up to 122 coils arranged in five groups of arrays to cover the frontal,
vertex, right and left temporal, right and left parietal, and occipital

Table 1. Brain regions and their corresponding channels

Brain Regions Channels

Right Temporal 1-14, 111-120

Left Temporal 43-50, 55-62, 67-74

Right Temporal 5-6, 11-16, 97-100, 109, 110, 115-122

Left Parietal 47-52, 59-64, 71-74, 79, 80, 87-90

Frontal 17-42

Occipital 75-86, 91-96, 101-110

Vertex 13-16, 49-54, 61-66, 73, 74,89, 90, 99, 100, 117-122

regions (Table. 1). The device is designed to create pT-TMS range
modulations of magnetic flux in the alpha frequency range (8-13
Hz) and it was configured to generate a square wave stimulus for
each individual (Anninos et al., 2016a,b,c, 2008, 2007, 2003, 2000,
1986, 1970).

3. Results
Fig. 1A shows aMEG record of nine seconds duration obtained

from a CP subject. The x-axis gives the time whereas the y-axis
gives MEG amplitude in femtoTesla (fT, 10−15 Tesla). The actual
signal length for analysis is two minutes but the FFT was applied
to only nine seconds because this temporal duration was sufficient
to identify the primary dominant frequency within the target 2-7

Figure 3. Power spectra map for subject two. A) Before pT-TMS, and
B) After pT-TMS.
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Table 2. Frequency before (BS) and after (AS) pT-TMS for each CP subject. (P: subject number, RT: right temporal, LT: left temporal,
RP: right parietal, LP: left parietal, F: frontal, V: vertex, O: occipital)

P
RT(f)

BS

RT(f)

AS

LT(f)

BS

LT(f)

AS

RP(f)

BS

RP(f)

AS

LP(f)

BS

LP(f)

AS

F(f)

BS

F(f)

AS

O(f)

BS

O(f)

AS

V(f)

BS

V(f)

AS

1 6 3 4 3 4 3 4 3 4 4 3 2 6 3

2 3 3 3 3 3 4 3 4 3 3 3 3 3 4

3 3 5 3 7 5 6 3 7 3 6 4 7 5 6

4 3 7 4 7 3 7 4 7 3 7 4 7 4 4

5 3 7 3 7 3 7 3 7 4 6 3 7 3 7

Figure 4. Power spectra for subject three. A) Before pT-TMS, and B)
After pT-TMS.

Hz frequency range. The application of FFT to the MEG record
that gives that the primary dominant frequency as 2.8 Hz, is shown
in Fig. 1B.

Fig. 2-Fig. 6 gives the maps of the application of FFT to MEG
data before and after the pT-TMS stimulus applied to each patient.
The numbers in the maps correspond to the 122 channels of the
MEG system according to Table. 1. Different colors represent dif-
ferent frequencies (red = 2 Hz, orange = 3 Hz, yellow = 4Hz, green
= 5 Hz, blue ≥ 6 Hz).

Fig. 2A and Fig. 2B: Map of the primary dominant frequencies
over the scalp for subject one. Fig. 2A: one channel 6 Hz and 4
channels 4 Hz (blue and yellow, respectively), remainder are 2 Hz
and 3 Hz (red and orange, respectively). Fig. 2B: Following pT-
TMS stimulation, one channel 4 Hz (yellow), remainder 2 Hz and
3 Hz (red and orange, respectively).

Figure 5. Power spectra map for subject four. A) Before pT-TMS, and
B) After pT-TMS.

Fig. 3A and Fig. 3B: Map of the primary dominant frequencies
over the scalp for subject two. Fig. 3A: All channels 2 Hz and 3 Hz
(red and orange respectively). Fig. 3B: Following pT-TMS stim-
ulation, two channels 4 Hz, remainder 2 Hz (yellow and orange
respectively).

Fig. 4A and Fig. 4B: Map of the primary dominant frequencies
over the scalp for subject three. Fig. 4A: One channel 5 Hz and two
channels 4 Hz (green and yellow, respectively), remainder 4 Hz
and 3 Hz (red and orange, respectively). Fig. 4B: After pT-TMS
stimulation 2-7 Hz channels indicated in different colors.

Fig. 5A and Fig. 5B: Map of the primary dominant frequen-
cies over the scalp for subject four. Fig. 5A: Two channels 4 Hz
(yellow), remainder 2 Hz and 3 Hz, (red and orange, respectively).
Fig. 5B: After pT-TMS stimulation 2-7 Hz channels indicated in
different colors.
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Fig. 6A and Fig. 6B: Map of the primary dominant frequencies
over the scalp for patient five. Fig. 6A: One channel 4 Hz (yel-
low), remainder are 2 Hz and 3 Hz (red and orange, respectively).
Fig. 6B: After pT-TMS stimulation 2-7 Hz channels indicated in
different colors.

Table 3. Statistical analysis of the five subjects (see Table. 2). p <
0.05 (bold)

Patients Mean f(BS) ±

SD

Mean f(AS) ±

SD

p values t-test

1 4.43 ± 1.13 3.00 ± 0.58 0.0117

2 3.00 ± 0.0 3.43 ± 0.53 0.0554

3 3.71 ± 0.95 6.33 ± 0.82 0.0003

4 3.57 ± 0.53 6.57 ± 1.13 0.0001

5 3.14 ± 0.38 6.86 ± 0.38 0.0001

In this study, preliminary effects of pT-TMS stimulation of CP
subjects included increased amplitudes across the 2-7 Hz range
and a substantial improvement and normalization of their MEG as
shown in Table. 2 and Table. 3, which show that in four out of five
patients. This result was statistically significant at the 0.05 level
(80%). Table. 1 shows the corresponding channels for each brain
region. Table. 2 shows the true effect of the pT-TMS. In this ta-
ble BS and AS represent the effect before and after stimulation,

Figure 6. Power spectra map for patient five. A) Before pT-TMS, and
B) After pT-TMS.

respectively, for each of the five CP subjects in each of the seven
brain regions indicated in Table. 1. Table. 3 shows the statisti-
cal analysis for the five CP subjects using an unpaired t-test. The
results were statistically significant for four out of five subjects
(80%). The mechanisms by which the pT-TMS stimulus resolved
the abnormal frequencies observed in the subjects are unknown.
One possible explanation is that the application of magnetic fields
has been shown to influence the activity of the pineal gland which
regulates endogenous opioid functions (Lissoni et al., 1986) and
dopaminergic modulation (Brandbury et al., 1985).

4. Conclusion
The treatment of CP patients with pT-TMS has the potential

to be an significant non-invasive, secure, and efficacious modal-
ity. Although the results were positive with only a small number
of patients, it encourages more studies using this method so as
to evaluate its beneficial contribution to the management of the
symptoms of CP patients.
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