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How many types of pain do I know?

 Neuropathic pain
Pain caused by a lesion or disease of the somatosensory nervous system.

 Nociceptive pain
Pain that arises from actual or threatened damage to non-neural tissue and is due to the 

activation of nociceptors with a normally functioning somatosensory nervous system

Mixed pain

the same disease causes different pains through different pathophysiological mechanisms 

that are often difficult to separate and quantify

 Nociplastic pain
Pain that arises from altered nociception despite no clear evidence of actual or threatened 

tissue damage causing the activation of peripheral nociceptors or evidence for disease or 

lesion of the somatosensory system causing the pain. Patients can have a combination of 

nociceptive and nociplastic pain



The nociceptive system
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Le informazioni nocicettive sono condotte lungo 

il fascio spino-talamico laterale e modulate perifericamente da fibre meccanocettive 

(gate-control) e centralmente  da strutture del troncoencefalo a  funzione inibente e dalla corteccia 

nocicettiva  con funzione facilitante





The salience matrix or the pain matrix??



The pivotal role of anterior cingulate in directed
attention, arousal and stimulus novelty



With respect to an input stimulus, the 
"uncertainty" network encodes the error of 
prediction, the waiting and the arousal and 

activates the motor and reflex behavioral reaction 
Exciting circuits in red Inhibitors in blue



THE ARTIFACT OF FUNCTIONAL NEUROIMMAGING
NOT ALL IS COLORED BY PAIN……IS ONLY PAIN





Neuropathic pain

Peripheral sensitization

Central or peripheral 

generation of ectopic 

disharges

defctive inhibitory descending controltion

Central sensitization

Peripheral or central 

deafferentation



Anatomy

1. Peripheral tissues

2. Spinal cord

3. Brain

4. Descending modulation

Putative or nociplastic  

pain



Tonic pain causes itself 
disruption in default 
mode network







Fibromyalgia

Reduced habituation of cortical  
responses to laser stimuli in FM 
patients suggests alterations in 
the pattern of cortical excitability

De Tommaso et al, 2011

Central sensitization syndromes share a 

common etiologic mechanism and 

frequently present with overlapping 

epidemiologic, clinical and psychological 

features



fMR studies revealed 
augmented responses in 
sensory integration 
(insula/operculum) and 
selfreferential (eg, medial 
prefrontal) regions in FM 
and reduced responses in 
the lateral frontal cortex 
after painful stimulation



Increased amplitude and reduced habituation of nociceptive evoked responses 
for an altered activation of pain/salience network in nociplastic/putative pain



The example of Fibromyalgia: coexistence of peripheral damage and abnormal 
central pain processing



Non lenght dependent small fibers neuropathy in FM: how the central processing of pain 
could change clinical features of neuropathic pain



Dysfunction in the 
nociceptive system 
at both the central 
and peripheral 
levels may concur 
to explain 
phenotypical 
eterogeneity and 
clinical symptom 
complexity in 
fibromyalgia

LEPs:  amplitude variability; reduced habituation
Skin biopsy (32 patients: not lenght dependent

small fiber neuropathy)



Small fibers denervation in FM



Recent Results: 82 patients 
Impaired

%

LEP (N2P2

amplitude)

Hand 14.7

Knee 26.7

Foot 44.5.

SSR

Hand 17.2

Foot 59.5

Biopsy

PTH 85.2

DL 14.8
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THE MOST OF PATIENTS PRESENTED WITH  
PROXIMAL EFN REDUCTION

ALL PATIENTS HAD REDUCED LEPs
HABITUATION

Vecchio et al, in preparation



NO CORRELATION BETWEEN ASSOCIATE SYMPTOMS SEVERITY AND EFNd



INVERSE CORRELATION BETWEEN EFNd AND HABITUATION INDEX



EFN density
22-12 (n°14)

EFN density
3-7 (n°18)

The amplification of peripheral signal by pain/salience matrix via reduced habituation mechanism cause a recover
of cortical response amplitude



LEPs  findings :

• Peripheral afferent dysfunction could influence the central processing 
of pain --_Reduced habituation  to contrast reduced small fibers 

input_



Questions:

• Well, what we face here is the question of which comes first, the 
chicken or the egg.

Genetic factors? Acquired factors?

Genetic factors-migraine, psychiatric
Acquired factors: psychiatric

1

2

3



3 ??????

• the peripheral involvement of the small fibers may be the 
consequence of the central alteration of pain processing



Clinical picture of chronic pain is influenced by the mutual inference between peripheral and 
central nervous system: reduced habituation within the pain-salience network could change 
the features of neuropathic pain



..abnormal functional connectivity in the salience/pain matrix 
is the counterpart of reduced habituation





Any type of chronic pain- nociceptive, 
putative and neuropathic- cannot be 
explained without considering the status of 
salience/pain matrix

Pain is never segregated in the periphery



The  relationships between 
pain-salience and motor 
cortical networks

• Possible mutual relationship between motor 
function and pain control.

• Motor cortex activation seems to reduce the 
pain perception and the amplitude of 
nociceptive evoked responses.



Pain and motor functions

• Motor activity is indicated for the treatment of 

chronic pain.

• Pain reduces motor activity, inhibiting motor cortex 

in a self-sustained mechanism of chronic symptoms 

maintenance.

Pain

Motor 
activity 



How to study the salient-pain and motor networks mutual
interference: the co-recording of EEG/fNIRS activity
Functional Near-Infrared Spectroscopy

• Functional Near-Infrared Spectroscopy (fNIRS) is 
a non-invasive technique that allows a real time 
detection of blood flow and metabolism changes 
in the cerebral cortical tissue.

• Thanks to its portability and movement
tolerance, the fNIRS is a useful tool in
experimental neuroimaging studies on motor
functions (Morais et al., 2018).



The fNIRS

• The Near-infrared light can penetrate
cerebral tissue without significant
degradation of the optical signals (Tam et
Zouridakis, 2013).

• The skin, skull and tissues are trasparent
to NIR wavelenghts, while O2Hb and HHb
absorb these spectra.

• By this method we can see the brain
activation and the oxygen consumption
during a motor task.



Hemodynamic activity

Calculation of HbO and HbR
variations: the most widely 

used method is the modified 
Beer-Lambert law.



The multimodal EEG/fNIRS to study the co-
activation of salience and motor networks



Method

• The participants in this study are 21 healthy 
subjects (aged from 19 to 60) and 38 patients with 
fibromyalgia (aged from 19 to 60). 



Experimental study design

• 1 minute resting stateRESTING STATE

• 1 minute resting stateLASER STIMULATION 
ON THE RIGHT HAND

• 1 minute resting state
LASER STIMULATION 
ON THE LEFT  HAND

• 1 minute resting state
SLOW FINGER 

TAPPING TASK (SFT)

• 1 minute resting state
SFT  + LASER ON THE 

RIGH HAND

• 1 minute resting stateSFT + LASER ON THE 
LEFT HAND

• 1 minute resting stateFAST FIGER TAPPING 
(FFT) TASK 

• 1 minute resting stateFFT +  LASER ON THE 
RIGHT HAND

FFT + LASER ON THE 
LEFT HAND



SIGNIFICANT REDUCTION 
OF FINGER TAPPING 
SPEED IN PATIENTS , 

INDEPENDENT FROM 
LASER STIMULATION

Finger tapping 
performance



• Reduced tone of motor cortex in resting state in chronic pain patients

• Reduced activation of motor cortex during fast movement in chronic patients

• The concomitant painful stimulation, reduced the motor activation in controls, abolishing any difference between 
groups  

• The slow movement did not change the activation of motor cortex either in patients or in controls

FNIRS
RESULTS  



F-statistic values of ΔHbO2: FM and Control groups activation maps using canonical HRF model. 

Statistical significant difference Group*condition at channels: 4, 6, 10.

FFT

PATIENTS: 
REDUCED 

MODULATION 
OF MOTOR 

CORTEX.

FNIRS
RESULTS  

During fast finger tapping, chronic pain patients showed reduced tone of 
motor cortex activation The concomitant painful sti,ulation caused the 

difference between patients aand controls to go lost



LEPs results

• Finger Tapping task did
not reduce the cortical
response to laser 
stimulation in patients
and controls

RIGHT and LEFT 
HAND



in chronic pain patients, motor cortex appears inhibited with low ativation during finger 
tapping
concurrent painful stimulation, reduced motor cortex activation in controls

acute pain could reduce the tone of motor cortical
activation
in chronic pain patients, motor cortex is basically
inhibited Pain

Motor 
Activity

?



In FM patients and controls
, there

no siginficant inhibition of Leps
during finger tapping task.

Pain

Motor 
Activity

?

The simple and repetitive movement did not
reduce pain-related cortical responses



• Probably the finger tapping task 
dose not produces an efficacious 
inhibitory effect on phasic pain 
both in patients and controls. 

Could a more complex motor 
task, such as a finalized action, 

have a modulatory effect on 
pain?



Background
Motor Resonance-
experimental protocol

• When we observe the actions of other 
people, we activate the same neural circuit
responsible for the planning and execution 
of our actions (Gallese et al., 1996; 
Rizzolatti et al., 1996). 

• The observation of an action is an effective
way to learn or improve the performance of 
a specific motor skill (Rizzolatti and 
Craighero, 2004).   

Work in progress



Experimental design

• Resting state 

• Action observation: video with movement task and 
concomitant laser stimulation

• Observation: a still frame with an object to grab 
during concomitant laser stimulation.

• Motor Execution: subjects will press a spacebar when
the hand in the video reaches and touches the object

Work in progress



Work in progress



Empty screen
Moving hand-

finalized
Firm Hand

LEPs

fNIRS

EXPECTED RESULTS…
TO BE CONFIRMED


