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Navigated TMS

Error
(2-5 cm)



Depending on the combination of frequecy/intensity, the 
rTMS prodces long-lasting modification of synaptic efficacy
in the stimulated networks……..(LTP-LTD)

…….thereby restoring a more physiological operating
mode (……….as a drug)



La Neuromodulazione non è una 
terapia elettroconvulsivante (o 
Elettroshock)

- No anestesia
- No crisi comiziali
- No effetti avversi (memoria)



Level A (definite efficacy):

Level B (probable efficacy):

• Depression (DLPFC)
• Chronic neurophatic pain (M1)
• Post-stroke motor hand recovery (M1, acute phase)
• Obsessive-compulsive disorder (FDA-approved; target: SMA)

• Lower limbs spasticity in Multiple Sclerosis (M1)
• Depression (DLPFC) and motor symptoms (bilateral M1) in Park
• Quality of life (M1) and pain alleviation (DLPFC) in fibromyalgia
• Post-traumatic stress disorders
• Post-stroke aphasia



Connectivity predicts better efficacy

• Sites predicted 
to have better 
treatment 
efficacy are 
“anticorrelated”
with subgenual
cingulate

Fox et al., 2012



High-density, personalized 1 Hz rTMS (7200 stim/day in 
two sessions) of the SMA in OCD patients

Seed region: bilateral SMA

reduction of pathological hyperconnectivity between SMA and certaiin basal ganglia and thalamic regions

Rs Connectvity changes are related to clinical improvement

The case of OCD

Clinical results:
- 9 OCD patients
- Symptoms
improved by 25%
- Up to 3 months



rTMS: therapeutic application for OCD

Mantovani et al., 2021 



Higher YBOCS Total Score correlation with higher connectivity between SMA and subcortical regions

A B

The case of OCD

Connectivity might predict rTMS outcome





Improved episodic memory
(no other cognitive domains)

TMS-EEG: increase of Parietal neural activity

EEG: increase of beta-band

Increase of functional connections within the DMN
(network effect?)

20 Hz, 1600 stim/day, 
two weeks
RSCT

Delayed Recall

Increased local neural activity

Local beta-band increase



rTMS in patients with Cochlear Implants

Francesco Neri – PhD student



Francesco Neri – PhD student

5 titanium housed cochlear implant devices (2 x Mi1000
and 3 x Mi1200 were tested

Stimulation parameters: 
- 1 Hz rTMS for 30 minutes (total: 1800 pulses)
- 10 Hz rTMS for 4 seconds trains, with inter-train

intervals of 8 seconds (total: 1800 pulses)
- Max stim output

Extreme tests: both combinations of
frequency/intensity and length of stimulation exceeded
the upper limits of published safety tables thus they
have to be considered reasonably unsafe for humans

All the implants resulted completely functioning and
with no damages/defections, irrespective to the applied
protocols of stimulation.

No induced forces



rTMS for the treatment of age-related hearing loss in patients with wearable hearing aids
Francesco Neri1*, Chiara Cappello2*, Francesca Viberti2, Lucia Burzi1, Alessandra Cinti1, Alberto 

Benelli1, Carmelo Luca Smeralda1, Sara Romanella1, Emiliano Santarnecchi3, 
Marco Mandalà2**, Simone Rossi1**

Francesco Neri – PhD student

PROTOCOL

Results are under submission



tDCS and perfusion

(Pulgar, 2015)



tDCS on brain 
tumors?

HGG and Perfusion

Arterial Spin Labeling



Experimental Protocol

Lesion definition Modeling Personalized tDCS



1) No Adverse Events or Side Effects, neither 
Pre- nor Post- surgery

2) Selective Decrease of Intratumoral
perfusion during stimulation (-36%)

Results • pilot study

• no sham 

• long term effects?

• repetitive sessions?



Tumor-network connectivity as 
a survival biomarker

Personalized neuromodulatory
interventions on tumor’s 
electrical properties?

Future 
Directions:

Neuromodulation for HHG?





Nature 2016 study hypothesis

A trial is ongoing in Boston
(Prof. Emiliano Santarnecchi)



Daily increase of 
gamma power

2022

1 hour tACS daily
for 4 weeks

= beta-amyloid

= p-Tau

= micorglia activation

2% reduction of p-
Tau in ¾ patients
(enthorinal cortex)

Beta amyloid
unchanged

¼ decrease of 
microglia activation





• In 5–15% of the general population, the tinnitus sensation is unremitting

• In 1–3% of the general population, tinnitus affects the quality of life of

patients, since it is associated with sleep disturbances, work impairment and

psychiatric distress or depression

Prevalance of chronic tinnitus



Maladaptive plastic reorganization of auditory cortex in 

patients with tinnitus

W.Muhlnickel, T.Elbert, E.Taub, H.Flor,  PNAS 1998

Tonotopy studies by 

MEG
Anterior shift of the cortical

epresentation of certain frequencies in

patients with tinnitus

Neurons in a de-afferented cortical region

shift their tuning to represent frequencies

near the edge of the lesion, thus giving rise to

an expanded representation of these

frequencies and to the sensation of tinnitus

Patient

Normal



Brain areas involved in tinnitus perception

Generally in the left

hemisphere,

independently by the

side where tinnitus is

perceived

Sometimes only

contralateral to

tinnitus

Transverse temporal gyrus (BA41)

Superior temporal gyrus (BA42,22)

Anterior temporal gyrus (BA38)

Hippocampal region

R L

Increased CBF/metabolism



TINNITUS TREATMENT BY WEARABLE MULTISENSORY STIMULATION 

Auditory
Vestibular 

Somatosensory
(cutaneous and 
proprioceptive)



DATA ARE BEING COLLECTED


