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Applications:

• Pain

TENS, peripheral nerve stimulation (usually invasive)

• Dystonia

• Spasticity

• Neuro-urological dysfunction

• Stipsis (gut inflammation)



Transcutaneous Electrical Nerve Stimulation

(TENS)

-Frequency of stimulation: usually around 100 Hz (also LF TENS)

-Stimulated area: proximal to painful region

Johnson, Medicina 2021



TENS reduces the amplitude of the 

brain responses evoked by the 

nociceptive input (laser evoked

potentials – LEPs)









Gate control theory
Melzack and Wall, 1965

The simultaneous activation of non nociceptive and nociceptive 

fibres dampens the nerve conduction along the last ones at 

presynaptical level



We tested the effect of a single non-

nociceptive electrical stimulus on the 

nociceptive input with a 1:1 ratio



In this condition, non-painful

electrical stimuli inhibit LEPs at

supra-spinal level

But…



… this is not an ecological condition, since both in daily 

life and clinical context it is higher frequency non-painfuli 

stimuli to reduce the pain perception



Left foot stim.



Conclusions 

1) Non-nociceptive stimuli inhibit the LEP 

amplitude

2) The pattern of inhibition suggests a spinal 

mechanism

3) Rostro-caudal and transversal propriospinal

interneurons (Fitzgerald, 1982, 1983) can 

account for these findings 



106 patients

• biphasic rectangular impulses

• pulse width 250 μs

• frequency 100 Hz

• maximum intensity 16 mA

• Duration 60 min

External trigeminal nerve stimulation

(eTNS) - Cefaly® stimulator

Chou et al., Cephalalgia 2018



Remote electrical neuromodulation (REN) 

- Nerivio® stimulator

•biphasic rectangular impulses

•pulse width 400 μs

•frequency 100-120 Hz

•maximum intensity 40 mA

•duration 45 minutes

Yarnitski et al., Headache 2019



• Peripheral nerve lesions

• CRIPS

• Chronic pelvic pain

• Post-stroke shoulder pain

• Phantom limb pain

Reverberi et al., 2013



Percutaneous occipital nerve stimulation

Burns et al., Lancet 2008



TENS on FCR muscle provides

inhibition of FCR motoneurons and 

inhibitory neurons projecting on 

ECR motoneurons



Reduced H-reflex amplitude

Improvement of 

clinical measure



• Posterior tibial nerve stimulation (PTNS) is effective in urinary

incontinence, especially in overactive bladder (OAB)

• PTNS is extremely safety

• Session frequency is uncertain (maybe 1.3 session per month)

Knowles et al., Lancet 2015



Sacral neuromodulation (S3 root):

• Overactive bladder

• Pelvic floor disorders

• Non-obstructive urinary retention

• Fecal incontinence

Spinelli and Sivert, Eur Urol 2008



Take home messages:

• Peripheral neuromodulation (PN) can be useful in different

neurological and non-neurological conditions

• Mechanisms of action are scarcely known

• PN may be non-invasive, but also invasive

• PN is generally safe, thus it may be added to pharmacological

treatments

• There is a general methodological heterogeneity that makes 

metanalysis of results difficult


