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Peripheral neuromodulation: 
From the ganglion to the peripheral nerve
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What is neuromodulation?

The alteration of neuronal activity through a chemical 
or physical treatment applied to a neural target



Targets of neuromodulation

Cruccu et al, 2008

Spinal Cord Stimulation (SCS)

Dorsal Root Ganglion 
radiofrequency modulation
Dorsal Root Ganglion 
stimulation (DRGs)

Peripheral nerve modulation 
(cryo or RF)
Peripheral nerve stimulation 
(PNS) 



Which are the differences?



Anatomical distribution



Why modulate a peripheral nerve?

The nerve lesion is the cause of pain
• Traumatic nerve lesion
• Nerve entrapment

The nerve transports information from a painful area (eg.: 
joint )



Non invasive neuromodulation 
techniques

The electrical stimulation of a peripheral nerve 
reduces the amplitude of somato-sensitive  evoked 
potentials obtained by the stimulation of that nerve.
Nardone, Schieppati. 1989



Invasive, one shot techniques

• Pulsed radiofrequency: modulation of neural 
functionality with reduced excitability without 
conduction  alteration

• Cryomodulation: lesion of nerve fibers without 
involving the epinervium; anatomical/functional 
restoration after 4-6 weeks

• Continuous radiofrequency: lesion of some fibers  
and perineural tissues; anatomical/functional 
restoration after months/years





Cryoanalgesia

The extension of hte lesion 
depends on probe siz,e 
temperature (T) and time (t) 



Ilfeld et al. Expert review of medical devices, 2016. 



How can I choose in case of peripheral 
nerve lesion/entrapment?



Sensory 
nerve

Good 
response to 
LA injection

RFP or Cryo

Mixed 
nerve

Tolerable 
motor deficit RFP       Crio 

Mixed 
nerve

Non 
tolerable 

motor deficit
RFP



Peripheral neurostimulation



Occipital nerve stimulation for migraine



PNS for joint pain

Chauhan G. 2023 Kurt E. 2016





When consider PNS?

• Less invasive than SCS or DRGs

• An option when SCS or DRGs are not 
recommendable for anatomical reasons

• The painful area should involve 1 or 2 peripheral 
nerve territory and the lead can be placed 
proximal to the lesion



There is evidence of the use of peripheral nerve stimulation in a variety 
of clinical indications that include plexus injuries, focal 
mononeuropathy, post-amputation pain, back pain, sacroiliac joint 
pain, headache, facial pain, arm and limb pain. 
Prior studies have shown that there are good outcomes from PNS on 
median, ulnar, sciatic, ilioinguinal, and genito-femoral nerves, brachial 
plexus and lumbar plexus



Why modulate the DRG?

Physiological functions
Nutrition
Production of neurotransmitters,
ionic channels, receptors



In response to a tissue 
inflammatory process 
or injury to a 
peripheral afferent 
fiber, the ganglion 
causes changes in glial 
cells with the release of 
chemokines, nerve 
growth factors, 
modifies the genetic 
expression and 
production of ion 
channels, in particular 
Na+, K+ channels, Ca++

Krames E. 2014



• DRGs are outside cerebro-blood-barrier, more 
susceptible to chemical transported through the 
blood flow (Devor, 1999)

• Easier to reach by electrical currents for 
neuromodulation (Deer, 2012)

DRG

Hogan, et al



Pulsed radiofrequency neuromodulation
The treatment tipically uses currents at 50.000 Hz in bursts fo 20 ms, at a 
frequency of 2/s, controlling that temperature remains under 42°C. 

Pope JE et al. Pain Medicine 2013



Mechanisms of action

• The mechanisms of action are poorly known. It seems that the 
electrical field modifies transiently the mielin along the fibers 
and the cellular structure in the gangIion: modified expression of 
Na+ channels (Hamann W et al. Eur J Pain. 2006)

• PRF seems to act selectively on Aδ e C  fibers (Hamann W et al. Eur J Pain. 
2006)

• Immunomodulatory effect on CSF linfocytes and inflammatory 
mediators (Das Be et al. Brain Behav Immune. 2018)





The percentage of patients who showed > 50% reduction in their VAS 
pain score was significantly higher in group DRG compared with group 
PVN when assessed at 4 and 6 months postprocedure (23/29: 79.3% 
vs.13/29: 44.8%; P = 0.007) and (22/29: 75.9% vs. 7/29:24.1%; P < 
0.001), respectively, however, the 2 groups did not significantly differ at 
1, 2, and 3 months postprocedure
During the 6-month follow-up period, the number of patients who 
discontinued the analgesics they received prior to the procedure were 
higher in group DRG compared with group PVN



DRG stimulation
Peduncolo



The application of an electric field on 
the DRG (1) causes a cell 
depolarization that evokes an action 
potential (2) that propagating (3) 
provokes a reduction of the excitability  
at the T junction (4) inhibiting the 
action potential arriving from the 
periphery (5)









Possible effects of DRG stimulation

Deer et al. Neuromodulation 2019; 22: 1–35

Decreased release of pro-
inflammatory mediators



PRF stimulation before DRG implant



Take at home message

• PNS acts on the same fisrt order neurons involved in SCS (in 
SCS other neurons and non neural cells can be involved) but 
paresthesia coverage is more precise

• DRGs acts on the soma with different mechanisms but first 
order neurons are involved with a different anatomical 
distribution from PNS and SCS
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