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Epidural stimulation

Mode: Invasive, neurosurgical
Target: motor cortex

Stim: 1-4V, 30-80Hz, ~150 us,
cyclic mode

Complications: 1-5%, mainly
transient (infection, seizures)
Efficacy: Definite in 40-60%
cases.

Long-lasting efficacy (years)

Transcranial magnetic
stimulation (rTMS)

Mode: Non invasive

Target: motor cortex

Stim: 80-90% SMT, 10-20Hz,
1000-2000 pulses
Contraindication: epilepsy
Efficacy: Probable for motor
cortexstimin NP.
Short-lasting efficacy, need
repetition of sessions

Transcranial direct current
stimulation (tDCS)

Mode: Non invasive

Target : Motor cortex

Stim: DC, 1-2 mA, 20 min
Safety issues: very rare
Contraind.: scalp skin disease
Efficacy: Possible, but
inconsistent evidence (2021)
Home-stim available to
enhance efficacy?
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Repetitive transcranial magnetic stimulation (r'TMS)
of the dorsolateral prefrontal cortex (DLPFC) during
capsaicin-induced pain: modulatory effects on motor

cortex excitability

Brigida Fierro - Marina De Tommaso -
Francesca Giglia + Giuseppe Giglia
Antonio Palermo - Filippo Brighina

34

Capsalon  — — - Capsaidn+ rThA5

#j_,l__LhJ;_jhhj

160 1

120- J_,

100 A
&0 -
E0

:

40 4

% of baseline MEP (mean +/ 5E)-

20 4

0 T T T r T T T T 1
0 10 20 30 40 =0 60 70 20

Time {min.)

Fig. 1 Changes in MEP values, expressed as percentage of baseline
(before capsaicin) MEP, during and after capsaicin application, with
and without left DLPFC rTMS, delivered 10 min after capsaicin
application
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Effects of high-frequency repetitive transcranial magnetic
stimulation of primary motor cortex on laser-evoked potentials
in migraine

Marina de Tommaso * Filippo Brighina + Brigida Fierro * Vito Devito Francesco *
Roberto Santostasi - Vittorio Sciruicchio - Eleonora Vecchio - Claudia Serpino -
Paolo Lamberti - Paolo Livrea
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1\) FIBROMYALGIA

O

Pain reduces motor activity, inhibiting motor cortex in a
self-sustained mechanism of chronic symptoms

maintenance.
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Brain surface data detected
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HOW DOES THE NIRS WORK?

Source 1

Detector 1
f

J  Detector2

* The skin, s

wavelenghts, while O2Hk

* JAbsorption of NIR photon is mainly due to hemoglobin.
hen there is a brain activation we can see the changes in
emoglobin concentration.

%



arbor Porpoise -
Phocoena phocoena)

T Scan (bone window)
slice thickness = 3'mm

FIGURE 1 | Monte Carlo photon propagation simulation using a point LED source incident at an angle normal 1o the scalp. Anatomy modeled on the harbor
porpoise.
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MNeuroscience and Biobehawvioral Reviews 120 (2021) 335-353

Contents lists available at SciencelDirect

MNeuroscience and Biobehavioral Reviews

jJowrnal homepage: www.elsewvier.comuilocate/ mneubiores

NIRS measures in pain and analgesia: Fundamentals, features, and function | Tmsi

Keerthana Deepti Karunakaran 7', Ke Peng - B Delany Berry 7, Stephen Greemn ~,
Robert Labadie ", Ba Kussman °, Dawvid Borsook & 1-*

K.D. Karunakaran et al Neurosclence and Biobehavioral Reviews 120 (2021) 335-353

Cortical Regions of Interest
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Fig. 2. Framework for Pain Detection and Classification using Cortical Functional Connectivity Metrics of NIRS. Cortical regions of interest may be defined
for whole brain or specific anatomic/functional networks. The underlying total or oxyhemoglobin concentration change (time series) can be extracted to perform a
connectivity analysis and/or a graph theoretical analysis. Connectivity analysis is performed by correlating the time series of an ROI with the remaining ROIs to form
a connectivity matrix per subject or condition. Using these connectivity measures (correlation or covariance matrix), where ROIs are nodes and the connections are
edges, the different grapth theoretical metrics are calculated. Differences in network properties may be compared using univariate or multivariate analyses to identify
and differentiate pain vs. non-pain states and, similarly, disease and healthy conditions. (DMN, Default mode network; SAL, Salient network; SMN, Sensorimotor
Network; FP, Fronto-parietal Network; DAN, Dorsal Attention Network; VIS, Visual Network).
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Motor function and pain Motor execution and motor observation Conclusions
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Emotional and
motivational aspects of
pain

Motor function and pain Motor execution and motor observation Conclusions
®




- 21 healthy subjects (aged from 19
to 60)

\l\\; PARTICIPANTS |

- 38 patients with fibromyalgia

EXPERIMENTAL CONDITIONS RANDOMIZED

2 min Laser Laser Slow finger Fast finger SFT + Laser SFT + Laser FFT + Laser FFT + Laser
Resting stimulation stimulation tapping task tapping task on the right on the left on the right on the left
state on the right on the left (SFT) (FFT) hand hand hand hand
hand hand



Channel 4 - AHbO2 mmoliL

FFT + RIGHT HAND FFT + LEFT HAND
CONDITION

95% CI Condition

Fig 3. Mean values of finger tapping speed in motor task conditions in patients (green) and controls (blue). Statistical
comparison is reported in Table 2. 95% ClI

Finger tapping speed<in FM Oxyhemoglobin levels< in FM
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RESEARCH ARTICLE

Mutual interaction between motor cortex

activation and pain in fibromyalgia: EEG-fNIRS
study

Eleonora Gentile'#, Antonio Brunetti?2, Katia Ricci', Marianna Delussi’,
Vitoantonio Bevilacqua(»?, Marina de Tommaso'




Oxyhemoglobin levels< in FM

PATIENT CONTROL
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Article

A Simple Pattern of Movement Is Not Able to Inhibit
Experimental Pain in FM Patients and Controls:
An sLORETA Study

Eleonora Gentile I*{", Katia Ricci ', Eleonora Vecchio !, Giuseppe Libro !, Marianna Delussi ,

Antonio Casas-Barragan 2" and Marina de Tommaso !
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Figure 2. The grand average of the laser-evoked potentials on the right hand stimulation. The control
group’s basal condition (1,1), slow finger tapping (1,2) and fast finger tapping (1,3); the fibromyalgia
(FM) group’s basal condition (2,1), slow finger tapping (2,2) and fast finger tapping (2,3) (see also
Figure 1).
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Figure 6. The sSLORETA voxels expressing statistical analysis results in the control group between LEPs
in the basal condition and during fast finger tapping. The maps express the maximal difference in light
blue, corresponding to frontal and limbic regions. For details of the analysis, see Table S1.

3329 -24% 1654 083 0.000 o832 16654 2456 3329

Figure 7. The sLORETA voxels expressing statistical analysis results of the comparison of changes of
laser evoked potential (LEP) sources in the basal condition and during fast finger tapping between the
controls and the fibromyalgia (FM) patients. The maps express the maximal difference in light blue,
corresponding to frontal and limbic regions. For details of the analysis, see Table S2.




monkey
does action

®
When we observe the actions of other people, we activate the sc

neural circuit responsible for the planning and execution of our ¢
(Rizzolatti et al., 1996).

monkey
sees action
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scientific reports

[ e g
OPEN Movement observation activates
motor cortex in fibromyalgia
patients: a fNIRS study

Eleonora Gentile'™ ", Amonio Brunetti’, Katia Ricci, Vitoantonio Bevilacqua®,
Laila Craighere® & Marina de Tommaso*

In summary, we expected the control subjects to show faster respanses during graspable bject videos as
compared o ungraspable obfect videos (Le., mator (acilltation, an Index of mator resonance), confirming previ-
0us results™*. A similar pattern in the responses of FM patients would indicate the presence of  normal motor
resonance. Regarding the INIRS data, we expected to find & difference In the hemodynamic activity between
{rials showing graspable and ungraspzhle abject videos but only In those experimental conditions in which the
modulztion of the detection times Indicated the presence of motor resonance. Finally, we decided to subject the
participznts to zn observation session to test the influences an cortical metabollsm af 2 stuation & stmilar 2
passible to that of AC'T. Furthermre, given that previous observation showed reduced metabolism of the motor
cortical network diring active movement™, we were interested in whether motor activatlon was greater when the
maotor response was required or when It was not, 2 valugble Information for planning 2 rehabilftation treatment.




Publication details, including instructions for authors

and subscription information:

Same kinematics but different
objects during action

observation
and motor evoked potentials

hittp:/ /www. tandfonline.com/loi/ pvis20

Visual Cognition

Detection times

?, Valentina Zorzi®, Rosario Canto® &
ab

Laila Craighero

Michele Franca




e OXYHEMOGLOBIN LEVELS WENT UP IN FM PATIENTS
URING CONGRUENT MOVEMENT OBSERVATION IN

ESPECT TO CONTROLS

CONDITION

GRASPING FLAT OBJE
GRASPING SHARP-TIP
OBJECT

Tl RESTING STATE

Channel 12 AHbO2

® & ?.0\3?

Figure 4. Oxyhemoglobin levels on an exemplificative channel (channel 12). Sess session, O obser
session, E time-to-contact detection session, P FM patients, C controls.
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Figure 6. Topographic maps of F-statistic in the comparison among session (Time-to-contact detection vs
Observation-only) and groups (FM patients vs controls). Blue areas represent channels with no significant

change in hemoglobin levels, red areas represent channels where the variations in hemoglobin levels were
significant.

SPMF Imape: F-statistic map for Hbowy SPMF Image: F-statistic map for Hbowy SPMF mage’ F-siafistic map for Hboxy
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Figure 7. Topographic maps of F-statistic in the comparison among groups (FM patients vs controls) and
conditions (Resting State vs Grasping Flat vs Grasping Sharp-tip object). Blue areas represent channels with no

significant change in hemoglobin levels, red areas represent channels where the variations in hemoglobin levels
were significant.
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Figure 1.
Top and bottom panels: Statistical maps of connectivity between the amygdala and the rest
of the brain (p=0.005, uncorrected). in MWA, MWoA. TGN and CTS. Although MWA

exhibit the strot e v between the amygdala and the insula, MWoA also present
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Figure 1: Ranking of age-standardised DALY rates for all neurological disorders by region, 2016

disability-adjusted life-year.

DALY



Neurological Disruption

Activation via hypothalamus?

'/ Trigeminal afferent
C-fiber

@ CGRP CGRP Receptor
@ NO )

O H/K ?f lon channel

Evolution of Migraine from Attacks to Disease

|

Chronic Migraine

Tension and Migraine
Prodrome.
aloriil

Migraine
Migraine Transformation Migraine

Initiation of spreading depression by
synaptic and network hyperactivity:
Insights into trigger mechanisms of
migraine aura

Lyudmila ¥ Vinogradova
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Pain-Related Brain Connectivity Changes in Migraine:

A Narrative Review and Proof of Concept about Possible ] o, S ,

Treatments Interference B e Y r=0.5, p<0.001

Marina de Tommaso !-*(, Eleonora Vecchio !, Silvia Giovanna Quitadamo !, Gianluca Coppela 2, A NG R AV g i\ 20 30 40
Antonio Di Renzo 3, Vincenzo Parisi , Marcello Silvestro *, Antonio Russo * and Gioacchino Tedeschi * L\ . A A . Disease Duration

-+ Rnorm(K) == R{k) - Rrandom(k)

MIGRAINE IS AN “OSCILLOPATHY”
one da Flash ed EEG nell' EM w:v,.w'\‘a

Group 40 012345678 910111213141516

(b) Rich-Club Level (Degree k>x)

Figure 4.

Using the interconnected component of the difference network are indicated with a black line, and corresponding paramet

between the last patient group (Group 40) and HC as a refer- for a random graph Rrndom(k) with the same number of no

AbRGIaal ence, the mean dysfunctional connectivity strength was positively and edges are shown in dark gray. The normalized rich-c
synchronization of Ex&‘::{‘;«:rﬁ?%,_ z associated with the disease duration across patients in this coefficient Ryorm(k) is shown by the blue line. [Color figure
s group (a). (b) shows the rich-club coefficient curves in the be viewed in the online issue, which is available at wileyonli
between-group difference network. Rich-club coefficients R(k) brary.com.]

alpha rhythm during
intermittent light
stimulation.
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Article

Dynamic Causal Modelling of the Reduced
Habituation to Painful Stimuli in Migraine:
An EEG Study

Iege Bassez 1*[), Frederik Van de Steen !, Katia Ricci 2, Eleonora Vecchio 2, Eleonora Gentile 2,
1

Daniele Marinazzo and Marina de Tommaso 2%

* Increase in migraine

— Stronger in migraine -+ Decrease in migraine

-+ Weaker in migraine

=150

=200

100 =30

habituation index

Figure 2. Habituation indices for migraine patients and healthy controls.

Figure 3. Parametric empirical Bayes results on the connectivity strengths in the first block as estimated
with dynamic causal modelling. Only parameters with a posterior probability of being different from
zero >0.99 are visualized. Red arrows (solid arrows) indicate that the connectivity strength is stronger
in the migraine group, while blue arrows (dashed arrows) indicate that the connectivity strength is
weaker in the migraine group. For precise differences between groups, see main text.
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Abnormal visual processing in migraine with aura: A study of steady-state
visual evoked potentials
Koichi Shibata **, Kiyomi Yamane ", Kuniaki Otuka ®, Makoto Iwata ©

K. Shibatn et al. J Joswrnel of the Newologienl Sciences 271 (2008) 110-126
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Occipital cortex in migraine
Increased amplitude of steady state visual evoked potentials,

increased metabolic response and altered connectivity of

occipital cortex

Increased activity of occipltal cortex in migraine
with aura could be explainedin terms of
segregated pattern of connections induced by
visual stimuli
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Clinical correlates of mathematical modeling of cortical

spreading depression: Single-cases study

Julia M. Kroos' | Marina de Tommaso®® | Sebastiano Stramaglia®* |
Eleonora Vecchio? | Nicola Burdi® | Luca Gerardo-Giorda®
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Patient 1

Hypothesis: the inhibition of cortical regions devoted to pain
processing, could exert a general modulation of cortical excitability
and connectivity, and an interference on CSD progression



- -
g Arccie Cephalalgia &5 s,
<
Effect of single dose Erenumab on © tnternationsl Headache Society 2021
- Article reuse guidelines:
cortical responses evoked by sagepub comjournals permissions

DOL: 10,1 177/0333102421996345

cutaneous a-delta fibers: A pilot journals sagepub.com/homelcep
- - - - (S)SAGE
study in migraine patients

Marina de Tommaso @, Marianna Delussi, Eleonora Gentile @,
Katia Ricci, Silvia Giovanna Quitadamo and Giuseppe Libro

de Tommaso et al. 3

Table I. Demographic and clinical data of migraine subjects under monthly erenumab treatment at Month 0 (M0) and Monch 3 (M3).

Age of
Age lliness HF VAS  VAS Al
(years)  (years) ™o MO M3 MO

44 30 30 10
42 25 8

2] 30 30 10
22 3 20 ]
35 20 9 ]
48 30 20 ]
21 4 18 9
38 26 20 10
51 43 15 8
42 30 7 8
18 4 30 ]
29 10 [ 8
60 30 13 ]
37 20 16 7
a5 15 20 10 8
51 35 20 10 5
23 10 0 20 ]
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All: Allodynia; Am: Amitriptyline; Bontd: Botulin Toxin A; CM: chronic migraine; Flu: Alunarizine; Hi: headache frequency — days with headachefmonth
in the previows 3 months; MA: migraine with aura: MO: migraine without aura Prop: Propanalel; Sym: average number of symptomatic drugs assurmed in
a manth; Top: Topiramate: VAS: headache intensity caleulated on 0—|00 numerical scale *Erenumab |40 mg.

**Resules of Student's t test for paired data p< 0.001.

How they act on central processing of pain?
de Tommaso M, Delussi M, Gentile E, Ricci K, Quitadamo SG, Libro G. Cephalalgia. 2021
Aug41(9):1004-1014.
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de Tommaso et al.

0.05

Univariate ANOVA: condition as factor

05 0.1

Figure 3. Startistical probability maps (SPMs) reporting p-values obtained from the repeated measures ANOVA between T0, T1 and
T2 conditions for the NI and N2 amplitudes in |17 migraine patients. Black expresses the topographical distribution of statistically
significant comparison among the three conditions.

How they act on central processing of pain?
de Tommaso M, Delussi M, Gentile E, Ricci K, Quitadamo SG, Libro G. Cephalalgia. 2021
Aug41(9):1004-1014.
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Central effects of galcanezumab in migraine: ==

a pilot study on Steady State Visual Evoked
Potentials and occipital hemodynamic response
in migraine patients

Marina o8 Tomimaso' , Marlanna La Rooa
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T2vsTO T2vsT1

The paired Student’s t test showed a general reduction of the oxyhemoglobin concentration at T2 compared with TO gnd T1/, with

significance (p<0.05) on left occipital channels and a general increase in deoxyhemoglobin at T2, with significance on left/ and
right occipital channels for T2 vs TO, and on left occipital channels for T2 vs T1.




PAIN IS A PRIMARY FUNCTION. THE CORTICAL \

ZONES DEVOTED TO PAIN PROCESSING ARE

STRICTLY INTEGRATED TO MOTOR AND MULTIMODAL i
SENSORY AREAS. ‘

RESOLVING PAIN IN CHRONIC PATIENTS, LEAD TO A
GENERAL RESET OF ABNORMAL NEURONAL
EXCITABILITY AND CONNECTIVITY CAUSING THE
DISEASE ITSELF
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