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Abstract

Background: Magnetoencephalography (MEG) is a well-established noninvasive method for investigating human brain activity.
Objectives: The present study aimed at identifying any change in the brain state after pico- Tesla Transcranial Magnetic Stimulation
(pT-TMS) on patients with multiple sclerosis (MS).
Methods: A whole-head 122 - channel MEG system in a magnetically shielded room with low magnetic noise was used. The study
population comprised of 2 male and 8 female volunteers with MS, with a mean age of 41.3 ± 9.5 years. External magnetic field of
pT-TMS was applied on the above patients with proper field characteristics (magnetic field amplitude: 1 - 7.5 pT, frequency: the alpha
rhythm of the patient 8 - 13 Hz), obtained prior to the application of pT-TMS.
Results: A significant effect was observed with an increase of frequencies in the range of 2 - 7 Hz among the participants. The results
were statistically significant in 7 out of 10 patients (70%).
Conclusions: The pT-TMS has the prospective to be a significant noninvasive secure and effective means in managing MS symptoms.
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1. Background

We tried to manage the symptoms of MS patients ap-
plying pico-Tesla transcranial magnetic stimulation (pT-
TMS). After pT-TMS, an increase in the frequencies of the
participants’ brain activity in the range of 2 - 7 Hz was
noted. Most of the MS patients reported a benefit from the
pT-TMS treatment.

Transcranial magnetic stimulation (TMS) is a nonin-
vasive and well-tolerated method without any direct con-
tact with the underlying skin and has been used to investi-
gate a variety of clinical conditions (1). TMS have been ap-
plied in the study of a variety of neurological diseases in-
cluding MS (2). Magnetoencephalography (MEG) is a well-
established noninvasive method for investigating human
brain activity with whole head neurophysiological mea-
surements. MEG measures weak magnetic fields generated
at the scalp surface by the underlying electrical activity in
the brain and it is very important for diagnostic purposes.

Anninos and Tsagas (3), using a pico- Tesla (pT) TMS elec-
tronic device, increased the abnormal (2 - 7 Hz) frequen-
cies of the brain activity towards frequencies of less than
or equal to those frequencies of the alpha frequency range
(8 - 13 Hz) of each participant (4-16). The pT-TMS electronic
device is a modified helmet containing up to 122 coils ar-
ranged in 5 array groups to cover the main 5 brain regions
(frontal, vertex, right and left temporal, and occipital re-
gions). It is designed to create pT-TMS range modulations

of magnetic flux in the alpha frequency range (8 - 13 Hz) of
each patient. The pT-TMS device was configured for each in-
dividual to generate a square wave to resemble the firing
activity of neurons in the brain.

The present study aimed at identifying any change in
the brain state after pT-TMS application on MS patients.

2. Methods

Biomagnetic measurements were performed using
a whole-head 122-channel SQUID gradiometer device
(Neuromag-122, Neuromag Ltd. Helsinki, Finland) in an
electromagnetically shielding room. The spontaneous
MEG recordings were taken with a sampling frequency
rate of 256 Hz, with associated Nyquist frequency of 128
Hz. The MEG signal was filtered with cutoff frequencies
at 0.3 and 40 Hz. The participants were 10 volunteers (2
males and 8 females) with the mean age of 41.3± 9.5 years.
Informed consent was obtained from all participants.
The research committee of the Democritus University of
Thrace approved the research (code: 80347). All patients
were referred to our Lab by practicing neurologists. They
were asked not to take their medication for 24 hours
during their participation in the study. In this study, we
did not include healthy participants as controls because
this research was published by Troebinger et al. (17), with
our pico-Tesla electronic device (3) to determine an effect
of pT-TMS in healthy participants. The time taken for
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each recording was 2 minutes to ensure alertness for each
participant. A software program was developed in our lab-
oratory to detect the amplitude of the primary dominant
frequency of the power spectra of the MEG recordings
obtained from each migraine patient and channel after
the application of Fast Fourier Transform (FFT).

3. Results

Table 1 displays the brain regions and the correspond-
ing channels in each brain region. Table 2 demonstrates
the symptoms in each of the 10 MS patients before and af-
ter the application of the pT-TMS as evaluated by clinicians
through interviews. Table 3 shows the maximum effect be-
fore pT-TMS (1st day in our lab) and after pT-TMS (2nd day
in our lab) for each of the 10 MS patients. P is for the pa-
tient number, RT for the right temporal brain region, LT for
the left temporal brain region, RP for the right parietal re-
gion, LP for the left parietal region, F for the frontal region,
V for the vertex region, and O for the occipital brain region.
Table 4 demonstrates the statistical analysis of the results
using t test, being statistically significant in 7 out of 10 pa-
tients (70%). Figure 1A displays the 122-channel MEG system,
Figure 1B exhibits the pT-TMS electronic device, whereas
Figure 1C shows a MEG record obtained from Patient 1 from
whom the primary dominant frequency was 3.2 Hz.

Table 1. This Shows Shows the Brain Regions and the Corresponding Channels in
Each Brain Region

Brain Regions Channels

Right Temporal 1 - 14, 111 - 120

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

Right Parietal 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

4. Discussion

In the present study, we did not include healthy con-
trols because this was investigated by Troebinger et al. (17),
who used an experimental design with our pT-TMS elec-
tronic device (3).

The time frame of our clinical investigations was as fol-
lows:

1st day: MEG measurements in our lab. Interview by
clinicians (Table 2).

2nd day: Application of pT-TMS. MEG measurements in
our lab. Interview by clinicians (Table 2).

10th day: MEG recordings and evaluation by the same
clinicians. Most of the the patients reported a progressive
deterioration of their pretreatment status.

The examination with the MEG in the 2nd day in our lab
and after pT-TMS shows that most of the highly abnormal
frequencies in the 2-7Hz frequency band were absent. All
the MS patients were evaluated clinically and once again
in the 10th day with the MEG. Most of the patients reported
that they progressively deteriorated to their pretreatment
status. To ascertain if the responses elicited in our lab were
reproducible, the patients were advised to apply the pT-
TMS treatment nightly at home at 11 PM with the electronic
device mentioned before. Then, all the MS patients were
evaluated again after a month and they all reported to have
benefited from this treatment.

The mechanisms by which the application of the pT-
TMS attenuated the MS syndrome are unknown. However,
one possible explanation is that these magnetic fields have
been shown to influence the activity of the pineal gland
(PG), which regulates the endogenous opioid functions (18)
and the dopaminergic modulator (19), GABA (20, 21).

In conclusion, this method of pT-TMS has some
prospective to be an important noninvasive, secure and
efficacious modality in managing MS. However, additional
investigations are necessary with more participants to
evaluate its possible beneficial contribution to manage
MS symptoms.
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Table 3. It Is Shown the Maximum Effect Before (BS) and After Real (AS) Stimulations for Each of the 10 Multiple Sclerosis Patients

P RT BS RT AS LT BS LT AS RP BS RP AS LP BS LP AS F BS F AS V BS V AS O BS O AS

1 2.75 5.63 1.75 5.63 2.50 4.88 2.63 5.75 1.13 5.50 2.63 3.38 0.63 5.75

2 0.94 0.59 2.00 0.97 2.09 0.88 2.0 1.5 4.03 3.75 1.63 3.00 -0.03 0.47

3 2.41 2.72 2.34 3.72 4.81 5.25 1.88 4.53 3.63 4.97 5.47 5.25 2.88 3.53

4 2.84 5.34 4.56 5.60 3.13 4.78 4.91 3.75 4.21 3.03 5.1 3.38 2.47 3.53

5 3.81 4.34 3.78 5.41 3.81 4.34 2.16 5.41 3.94 2.1 2.1 3.94 3.25 5.31

6 5.1 5.13 5.13 3.25 4.75 5.00 5.13 3.25 3.56 3.44 5.13 2.81 5.56 3.00

7 4.84 5.31 3.47 4.91 4.84 5.31 3.94 5.63 2.63 5.13 4.84 5.31 3.28 4.88

8 2.69 3.63 3.1 3.56 2.1 4.13 3.31 4.50 4.75 2.75 3.31 3.63 4.75 5.19

9 1.94 4.81 0.56 4.00 4.56 4.81 4.19 4.00 2.88 2.88 4.56 4.81 5.31 4.88

10 3.91 5.19 1.69 4.66 2.34 5.19 2.88 4.81 3.53 4.21 1.69 5.19 4.81 5.22

Abbreviations: F, frontal region; LP, left parietal region; LT, left temporal brain region; O, occipital brain region; P, patient number; RP, right parietal region; RT, right temporal brain region; V, vertex region.

Figure 1. A, The 122-Channel MEG System; B, the pT-TMS Electronic Device; C, a MEG Record of 9 seconds Obtained from Patient 1 from Which in B, after FFT Analysis the Primary
Dominant Frequency is 3.2 Hz

Table 4. Statistical Analysis of the Results (T-Test)a , b

Patient BS AS P Value

1 2.003 ± 0.85 5.22 ± 0.86 0.0001

2 1.81 ± 1.24 1.98 ± 1.28 0.75

3 3.33 ± 1.36 4.3 ± 1.00 0.05

4 4.17 ± 0.99 4.20 ± 1.02 0.58

5 3.26 ± 0.8 4.41 ± 1.2 0.05

6 3.7 ± 0.95 4.87 ± 0.65 0.019

7 3.98 ± 0.9 5.21 ± 0.26 0.0043

8 3.43 ± 0.9 3.92 ± 0.8 0.33

9 3.38 ± 1.7 4.4 ± 0.75 0.05

10 2.96 ± 1.17 4.93 ± 0.39 0.001

aValues are expressed as mean ± SD.
bThe results were statistical significant in 7 out of 10 patients (70%).

Authors’ Contribution: Study concept and design: Pho-
tios Anninos; acquisition of data: Photios Anninos; anal-
ysis and interpretation of data: Athanasia Kotini, Adam
Adamopoulos; drafting of the manuscript: Photios An-

ninos; critical revision of the manuscript for important
intellectual content: Nicolaos Tsagas; statistical analysis:
Athanasia Kotini; administrative, technical, and material
support: Adam Adamopoulos; study supervision: Photios
Anninos.

References

1. Barker AT, Jalinous R, Freeston IL. Non-invasive magnetic stimula-
tion of human motor cortex. Lancet. 1985;1(8437):1106–7. [PubMed:
2860322].

2. Simpson M, Macdonell R. The use of transcranial magnetic stim-
ulation in diagnosis, prognostication and treatment evaluation
in multiple sclerosis. Mult Scler Relat Disord. 2015;4(5):430–6. doi:
10.1016/j.msard.2015.06.014. [PubMed: 26346791].

3. Anninos P, Tsagas N. Electronic apparatus for treating epileptic indi-
viduals. United states patents US; 1995.

4. Anninos P, Adamopoulos A, Kotini A, Tsagas N. Combined MEG and pT-
TMS study in Parkinson’s disease. J Integr Neurosci. 2016;15(2):145–62.
doi: 10.1142/S0219635216500102. [PubMed: 27198581].

5. Anninos P, Adamopoulos A, Kotini A, Tsagas N. MEG evaluation of
pico-Tesla external TMS on multiple sclerosis patients. Mult Scler Re-
lat Disord. 2016;8:45–53. doi: 10.1016/j.msard.2016.04.008. [PubMed:
27456873].

6. Anninos P, Adamopoulos A, Kotini A, Tsagas N, Tamiolakis D, Pras-
sopoulos P. MEG evaluation of Parkinson’s diseased patients after

Avicenna J Neuro Psych Physio. 2016; 3(3):e43249. 3

http://www.ncbi.nlm.nih.gov/pubmed/2860322
http://dx.doi.org/10.1016/j.msard.2015.06.014
http://www.ncbi.nlm.nih.gov/pubmed/26346791
http://dx.doi.org/10.1142/S0219635216500102
http://www.ncbi.nlm.nih.gov/pubmed/27198581
http://dx.doi.org/10.1016/j.msard.2016.04.008
http://www.ncbi.nlm.nih.gov/pubmed/27456873
http://avicennajnpp.com/


Anninos P et al.

external magnetic stimulation. Acta Neurol Belg. 2007;107(1):5–10.
[PubMed: 17569226].

7. Anninos P, Kotini A, Tamiolakis D, Tsagas N. Transcranial magnetic
stimulation. A case report and review of the literature. Acta Neurol
Belg. 2006;106(1):26–30. [PubMed: 16776434].

8. Anninos P, Kotini A, Adamopoulos A, Tsagas N. Magnelic stimu-
lation can modulate seizures in epileptic patients. Brain Topogr.
2003;16(1):57–64. [PubMed: 14587969].

9. Anninos P, Kotini A, Anninou N, Adamopoulos A, Papastergiou A,
Tsagas N. Meg recordings of patients with CNS disorders before and
after external magnetic stimulation. J Integr Neurosci. 2008;7(1):17–27.
[PubMed: 18431816].

10. Anninos P, Kotini A, Tamiolakis D, Prassopoulos P. Evaluation of an in-
tracranial arachnoid cyst with MEG after magnetic stimulation. J In-
tegr Neurosci. 2007;6(2):227–32. [PubMed: 17622979].

11. Anninos PA, Adamopoulos AV, Kotini A, Tsagas N. Nonlinear analysis
of brain activity in magnetic influenced Parkinson patients. Brain To-
pogr. 2000;13(2):135–44. [PubMed: 11154103].

12. Anninos PA, Beek B, Csermely TJ, Harth EM, Pertile G. Dynamics of neu-
ral structures. J Theor Biol. 1970;26(1):121–48. [PubMed: 5411107].

13. Anninos PA, Tsagas N, Adamopoulos A. A brain model theory for
epilepsy and the mechanism for treatment with experimental verifi-
cation using SQUID measurements. In: Cotterill RM, editor. Models of
brain function. New York: Cambridge University Press; 1989. pp. 405–
21.

14. Anninos PA, Tsagas N, Jacobson JI, Kotini A. The biological effects

of magnetic stimulation in epileptic patients. Panminerva Med.
1999;41(3):207–15. [PubMed: 10568117].

15. Anninos PA, Tsagas N, Sandyk R, Derpapas K. Magnetic stimulation
in the treatment of partial seizures. Int J Neurosci. 1991;60(3-4):141–71.
[PubMed: 1787045].

16. Kotini A, Anninos P. Alpha, delta and theta rhythms in a neural net
model. Comparison with MEG data. J Theor Biol. 2016;388:11–4. doi:
10.1016/j.jtbi.2015.10.005. [PubMed: 26484893].

17. Troebinger L, Anninos P, Barnes G. Neuromagnetic effects of pico-
Tesla stimulation. Physiol Meas. 2015;36(9):1901–12. doi: 10.1088/0967-
3334/36/9/1901. [PubMed: 26246387].

18. Lissoni P, Esposti D, Esposti G, Mauri R, Resentini M, Morabito F, et al.
A clinical study on the relationship between the pineal gland and the
opioid system. J Neural Transm. 1986;65(1):63–73. [PubMed: 2937880].

19. Brandbury AJ, Kelly ME, Smith JA. Melatonin action in the mid-brain
can regulate dopamine function both behaviourally and biochem-
ically. In: Brown GM, Wainwright SD, editors. The Pineal gland, en-
docrine aspects. Oxford: Pergamon Press; 1985. pp. 327–32.

20. Anton-Tay F. Melatonin: effects on brain function. Adv Biochem Psy-
chopharmacol. 1974;11:315–24. [PubMed: 4367648].

21. Nitsche MA, Lampe C, Antal A, Liebetanz D, Lang N, Tergau F, et
al. Dopaminergic modulation of long-lasting direct current-induced
cortical excitability changes in the human motor cortex. Eur J
Neurosci. 2006;23(6):1651–7. doi: 10.1111/j.1460-9568.2006.04676.x.
[PubMed: 16553629].

4 Avicenna J Neuro Psych Physio. 2016; 3(3):e43249.

http://www.ncbi.nlm.nih.gov/pubmed/17569226
http://www.ncbi.nlm.nih.gov/pubmed/16776434
http://www.ncbi.nlm.nih.gov/pubmed/14587969
http://www.ncbi.nlm.nih.gov/pubmed/18431816
http://www.ncbi.nlm.nih.gov/pubmed/17622979
http://www.ncbi.nlm.nih.gov/pubmed/11154103
http://www.ncbi.nlm.nih.gov/pubmed/5411107
http://www.ncbi.nlm.nih.gov/pubmed/10568117
http://www.ncbi.nlm.nih.gov/pubmed/1787045
http://dx.doi.org/10.1016/j.jtbi.2015.10.005
http://www.ncbi.nlm.nih.gov/pubmed/26484893
http://dx.doi.org/10.1088/0967-3334/36/9/1901
http://dx.doi.org/10.1088/0967-3334/36/9/1901
http://www.ncbi.nlm.nih.gov/pubmed/26246387
http://www.ncbi.nlm.nih.gov/pubmed/2937880
http://www.ncbi.nlm.nih.gov/pubmed/4367648
http://dx.doi.org/10.1111/j.1460-9568.2006.04676.x
http://www.ncbi.nlm.nih.gov/pubmed/16553629
http://avicennajnpp.com/


Anninos P et al.

Table 2. The Symptoms of the 10 MS Patients Evaluated by Interview by Clinicians According to Expanded Disability Status Scale (EDSS), Before pT-TMS (1st Day in Our Lab) and
After pT-TMS (2nd Day in Our Lab)

Patients Sex Symptoms Before pT-TMS Symptoms After pT-TMS

1 F

Pyramidal Functions: 1. Abnormal
signs without disability.

Pyramidal functions: 0. normal

Cerebellar Functions: 3. Limb ataxia Cerebellar functions: 0. normal

Brain Stem Functions: 5. Inability to
shallow or to speak

Brain stem functions: 0. normal

Sensory Functions: 3. Moderate
decrease in touch

Sensory functions: 0. normal

Bowel and Bladder Functions:1. Mild
urinary hesitancy

Bowel and bladder functions: 0.
normal

Visual Functions: 3.moderate decrease
in fields

Visual functions: 0.normal

Cerebral Functions: Mild decrease in
mentation

Cerebral functions: 0.normal

2 F

Pyramidal Functions: 1. Abnormal
signs without disability.

Cerebellar functions: 3. moderated

Cerebellar Functions: 1. Abnormal
signs without disability

Brain stem functions: 5. inability to
speak

Brain Stem Functions: 5. Inability to
speak

Sensory functions: 3. moderate
decrease of pain

Sensory Functions: 3. Moderate
decrease in pain

Bowel and bladder functions: 1. mild
urinary hesitancy

Bowel and Bladder Functions: 1. Mild
urinary hesitancy

Visual functions: 0. Normal

Visual Functions: 0. Normal Cerebral functions: 1. mood alteration
only

Cerebral Functions: 1. Mood alteration
only

Pyramidal functions: 1. abnormal

3 M

Pyramidal Functions: 2. Minimal
disability

Pyramidal functions: 0. normal

Cerebellar Functions: 2. Mild ataxia Cerebellar Functions: 0. Normal

Brain stem functions: 5. inability to
speak

Brain stem functions: 0. normal

Sensory Functions: 3.Moderate
decrease in position

Sensory functions: 0. normal

Bowel and bladder functions: 1. mild
urinary hesitancy

Bowel and bladder functions: 0.
normal

Visual Functions: 0. Normal Visual functions: 0. normal

Cerebral Functions: 2. Mild decrease
in mentation

Cerebral functions: 0. normal

4 F

Pyramidal Functions: 2. Minimal
disability.

Pyramidal functions: 2. minimal
disability

Cerebellar functions: 2. mild ataxia Cerebellar functions: 2. mild ataxia

Brain Stem Functions: 5. Inability to
swallow

Brain stem functions: 5. inability to
shallow

Sensory Functions: 3. Moderate
decrease in pain

Sensory functions: 0. normal

Bowel and bladder functions: 1. mild
urinary hesitancy

Bowel and bladder functions: 0.
normal

Visual functions: 0. normal Visual functions: 0. normal
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Cerebral Functions: 1. mood alteration
only

Cerebral functions: 0. normal

5 F

Pyramidal functions: 2. minimal
disability.

Pyramidal functions: 0. normal

Cerebellar Functions: 2. Mild ataxia Cerebellar functions: 0. normal

Brain stem functions: 5. inability to
swallow

Brain stem functions: 0. normal

Sensory functions: 3. moderate
decrease in touch

Sensory functions: 0. normal

Bowel and bladder functions: mild
urinary hesitancy

Bowel and bladder functions: 0.
normal

Visual functions: 0. normal Visual functions: 0. normal

Cerebral functions: 1. mood alteration
only

Cerebral functions: 0. normal

6 F

Pyramidal functions: 1. abnormal
signs without disability.

Pyramidal functions: 0. normal

Cerebellar functions: 1. abnormal
signs without disability

Cerebellar functions: 0. normal

Brain stem functions: 5. inability to
swallow

Brain stem functions: 0. normal

Sensory Functions: 3. Moderate
decrease in position

Sensory functions: 0. normal

Bowel and bladder functions: mild
urinary retention

Bowel and bladder functions: 0.
normal

Visual functions: 0. normal Visual functions: 0. normal

Cerebral functions: 2. mild decrease in
mentation

Cerebral functions: 0. normal

7 F

Pyramidal functions: 2. minimal
disability.

Pyramidal functions: 0.normal

Cerebellar functions 2. mild ataxia Cerebellar functions: 0. normal

Brain Stem Functions: 5. Inability to
speak

Brain stem functions: 0. normal

Sensory functions: 3. moderate
decrease in position

Sensory functions: 0. normal

Bowel and bladder functions: 2. mild
urinary retention

Bowel and bladder functions: 0.
normal

Visual functions: 0. normal Visual functions: 0. normal

Cerebral functions: 2. mild decrease in
mentation

Cerebral functions: 0. normal

8 M

Pyramidal functions: 3. mild
paraparesis

Pyramidal functions: 3. mild
paraparesis

Cerebellar functions: 1. abnormal
signs without disability

Cerebellar functions: 1. abnormal
signs

Brain stem functions: 5. inability to
speak

Brain stem functions: 5. inability to
speak

Sensory Functions: 3. Moderate
decrease in position

Sensory functions: 0. normal

Bowel and bladder functions: 3. mild
urinary hesitancy

hesitancy bowel and bladder
functions: 3. mild urinary

Visual functions: 0. normal Visual functions: 0. normal

Cerebral functions: 1. mood alteration
only

Cerebral functions: 1. mood alteration
only
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9 F

Pyramidal functions: 1. abnormal
signs without disability.

Pyramidal functions: 0. normal

Cerebellar functions: 1. abnormal
signs without disability

Cerebellar functions: 0. normal

Brain stem functions: 5. inability to
speak

Brain stem functions: 0. normal

Sensory Functions: 3.Moderate
decrease in touch

Sensory functions: 0. normal

Bowel and Bladder Functions: 8. Mild
urinary urgency

Bowel and bladder functions: 0.
normal

Visual Functions: 0. Normal Visual functions: 0. normal

Cerebral functions: 1. mood alteration
only

Cerebral functions: 0. normal

10 F

Pyramidal functions: 2. minimal
disability.

Pyramidal functions: 0. normal

Cerebellar Functions: 2. Mild ataxia Cerebellar functions: 0. normal

Brain stem functions: 2. moderate
nystagmus

Brain stem functions: 0. normal

Sensory functions: 1. figure writing
decrease only

Sensory functions: 0. normal

Bowel and bladder functions: 9. mild
urinary urgency

Bowel and bladder functions: 0.
normal

Visual functions: 0. normal Visual functions: 0. normal

Cerebral functions: 1. mood alteration
only

Cerebral functions: 0. normal

Abbreviations: F, female; M, male.
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