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«NEUROMODULATION is the alteration of nerve activity through targeted 
delivery of a stimulus, electrical stimulation or chemical (or physical agents), 
to specific neurological sites in the body»

 The International Neuromodulation Society

• Inhibition
• Stimulation
• Modification
• Regulation
• Therapeutic alteration

Electrically or chemically or physically

Activity in the central, 
peripheral or 
autonomic nervous 
system



Electrical and thermal neuromodulation 

Extra- axial Neuromodulation 

Peripheral Nerve                 Subcutaneous tissue (PFNS) pFR/RF/Cryo



Neuromodulation 
Continuous Pulsed Cryo
Since1965 Since 1996 Since 1976

Continuous administration of 
high frequency electrical 
current

Short electrical pulses with hight 
voltage followed by a silent period : 
heat is washed out

The ice crystals create vascular damage to the 
vasonervorum, which produces severe endoneural 
edema. Cryoanalgesia disrupts the nerve structure 
and creates wallerian degeneration, but leaves the 
myelin sheath and endoneurium intact

Production of heat No guaranted success even if well 
performed procedures

complete block, like local anesthetics

Motor and sensory loss ?? No motor and sensory loss Motor and sensory loss

Last 6+ months Last 1-12 months Last 6 months

Possible neuroma formation No neuroma formation No neuroma formation



?



1. Anatomy visualization

2. Pathology visualization

3. Target visualization

4. Avoid risks

5. A guide 



(a) An ultrasound-guided lateral-to-medial needle trajectory underneath the biceps femoris, gastrocnemius and 
plantaris. The final needle position targets at the intercondylar bony surface. BF: biceps femoris; G: lateral 
head of gastrocnemius; P: plantaris; LFC: lateral femoral condyle; MFC: medial femoral condyle; A: popliteal 
artery; bold white arrow: needle; thin arrow: needle trajectory. 

(b) The anteroposterior and the lateral views of the needle placement for the popliteal nerve plexus neurolysis. 

Popliteal nerve plexus neurolysis 



Trigeminal 
RFP  

(vascular 
structures)

Supraorbital nerve (V1) 

Infraorbital nerve ( V2)

Mental 
nerve ( V3) 

Sensory areas of the 
trigeminal nerve  
branches: 
A supraorbital nerve 
B infraorbital nerve 
C mental nerve



Tibial nerve ( avoid FHL) 
(anatomy differentation) 



GON vs TON
(anatomy differentation)

C: GON
F: TON
(Image of Andrea Trescot)



(a) An ultrasound-guided lateral-to-medial needle trajectory underneath the biceps femoris, gastrocnemius and 
plantaris. The final needle position targets at the intercondylar bony surface. BF: biceps femoris; G: lateral 
head of gastrocnemius; P: plantaris; LFC: lateral femoral condyle; MFC: medial femoral condyle; A: popliteal 
artery; bold white arrow: needle; thin arrow: needle trajectory. 

(b) The anteroposterior and the lateral views of the needle placement for the popliteal nerve plexus neurolysis. 

Popliteal nerve plexus neurolysis 

Anatomy
visualization



IL-IHP
(entrapment)



GON ( edema surroundig the nerve) 



Neuroma (3 mm) of FCLN



(a) An ultrasound-guided lateral-to-medial needle trajectory underneath the biceps femoris, gastrocnemius and 
plantaris. The final needle position targets at the intercondylar bony surface. BF: biceps femoris; G: lateral 
head of gastrocnemius; P: plantaris; LFC: lateral femoral condyle; MFC: medial femoral condyle; A: popliteal 
artery; bold white arrow: needle; thin arrow: needle trajectory. 

(b) The anteroposterior and the lateral views of the needle placement for the popliteal nerve plexus neurolysis. 

Popliteal nerve plexus neurolysis 

Anatomy
Visualization

Pathology
Visualization



SSC nerve: 
Anterior 
approach

2. Follow SSC nerve 
that crosses omoyoid
muscle

3. SSN behind omoyoid muscle in 
the distal region 

avoid the transverse cervical artery (TCA) 

1. follow C5 e see 
that SSN derived 
from C5



Radial nerve: from the 
elbow to the wrist 

superficial 
radial nerve 
(sensitive)



(a) An ultrasound-guided lateral-to-medial needle trajectory underneath the biceps femoris, gastrocnemius and 
plantaris. The final needle position targets at the intercondylar bony surface. BF: biceps femoris; G: lateral 
head of gastrocnemius; P: plantaris; LFC: lateral femoral condyle; MFC: medial femoral condyle; A: popliteal 
artery; bold white arrow: needle; thin arrow: needle trajectory. 

(b) The anteroposterior and the lateral views of the needle placement for the popliteal nerve plexus neurolysis. 

Popliteal nerve plexus neurolysis 

Anatomy
Visualization

Pathology
Visualization

Avoid risks



Intercostal nerve
(avoid pleura) 



FA

Iliac 
artery

HIP ( avoid artery)



Genitofemoral nerve ( avoid pubic tubercle) 

Pubic tubercle
Spermatic cord



(a) An ultrasound-guided lateral-to-medial needle trajectory underneath the biceps femoris, gastrocnemius and 
plantaris. The final needle position targets at the intercondylar bony surface. BF: biceps femoris; G: lateral 
head of gastrocnemius; P: plantaris; LFC: lateral femoral condyle; MFC: medial femoral condyle; A: popliteal 
artery; bold white arrow: needle; thin arrow: needle trajectory. 

(b) The anteroposterior and the lateral views of the needle placement for the popliteal nerve plexus neurolysis. 

Popliteal nerve plexus neurolysis 

Anatomy
Visualization

Pathology
Visualization

A guide 

Avoid risks



SIJ cryo: Bone visualization to reduce ionic radiation



To see the iceball



Sciatic nerve and cryo



Motor 
sparing



Acromial branch 
of SSN
( Target 1)

Superior branch of 
SSN
(target 2)

Inferior branch of SSN
(target3)

Inferior branch of SSN
(target 4)

AC branch of 
LPN
Target 5)

Target 6: anterior 
branch of AN
Target 7: 
superior nerve to 
Subscapularis

Shoulder neuromodulation



FN+ AON

ON

Nerve to quadratus femoris (NQF) 

HIP 
neuromodulation

(Anterior hip) (Posterior hip)



Nerve to vastus intermedius (NVI)
medial and lateral

infrapatellar branch of the saphenous nerve 
(IPBSN) 

superomedial genicular nerve (SMGN)

Superolateral genicular nerve (SLGN)
Inferomedial genicular nerve (IMGN)

AFCN

Popliteal 
nerve 
plexus

KNEE neuromodulation





SISTEMA IMPIANTABILE  SISTEMA INDOSSABILE



A H Li et al. Considerations in permanent implantation of peripheral nerve stimulation (PNS) for 
chronic neuropatic pain. An international cross-sectional survey of implanters. Pain Practice 2022





1. Anatomy visualization

2. Pathology visualization

3. Target visualization

4. Avoid risks

5. A guide 



(a) An ultrasound-guided lateral-to-medial needle trajectory underneath the biceps femoris, gastrocnemius and 
plantaris. The final needle position targets at the intercondylar bony surface. BF: biceps femoris; G: lateral 
head of gastrocnemius; P: plantaris; LFC: lateral femoral condyle; MFC: medial femoral condyle; A: popliteal 
artery; bold white arrow: needle; thin arrow: needle trajectory. 

(b) The anteroposterior and the lateral views of the needle placement for the popliteal nerve plexus neurolysis. 

Popliteal nerve plexus neurolysis 



US guide

- advantage: 
• direct visualization of nerves and 

surrounding structures

-disadvantages: 

• risk of damage to the nerve during 
dissection 

• length of the operation and potential 
need for general anesthesia (which 
inhibits intraoperative testing)

• inability to trial the patient first 

 Percutaneous approaches is safer and more 
accurate

Open surgical placement of PNS of Ulnar nerve :

PeripheralNerve Stimulation. 
A Abd-Elsayed, A.M. Trescot



PNS of Ulnar nerve

Fluoroscopy guide        vs               US guide

• No radiation exposure (to both the patient and proceduralist)

• The ability to directly visualize muscle layers, surrounding vascular structures and targeted nerves

• It can reduce the  painful muscle stimulation, dysesthesias, and inefficient electrical coverage and decrease the 
complications (trauma to arterial, muscular, and fascial structures)

• It  requires less personnel to operate and is less expensive



(a) An ultrasound-guided lateral-to-medial needle trajectory underneath the biceps femoris, gastrocnemius and 
plantaris. The final needle position targets at the intercondylar bony surface. BF: biceps femoris; G: lateral 
head of gastrocnemius; P: plantaris; LFC: lateral femoral condyle; MFC: medial femoral condyle; A: popliteal 
artery; bold white arrow: needle; thin arrow: needle trajectory. 

(b) The anteroposterior and the lateral views of the needle placement for the popliteal nerve plexus neurolysis. 

Popliteal nerve plexus neurolysis 

Anatomy
Visualization

Pathology
Visualization



Peripheral nerve stimulation (PNS): A valid and definitive 
therapeutical option for a case of anterior cutaneous nerve 
entrapment syndrome (ACNES). E AMORIZZO et al. Agri 2024

ACNES syndrome (of the 8th intercostal nerve)



HW Karl et al. Superior and Middle Cluneal Nerve Entrapment: A 
Cause of Low Back and Radicular Pain. Pain Physician 2022

Superior cluneal nerve and PNS



G J Gutierrez et al. Cureus 2024

CPRS  of foot and PNS of common peroneal nerve and tibial nerve



(a) An ultrasound-guided lateral-to-medial needle trajectory underneath the biceps femoris, gastrocnemius and 
plantaris. The final needle position targets at the intercondylar bony surface. BF: biceps femoris; G: lateral 
head of gastrocnemius; P: plantaris; LFC: lateral femoral condyle; MFC: medial femoral condyle; A: popliteal 
artery; bold white arrow: needle; thin arrow: needle trajectory. 

(b) The anteroposterior and the lateral views of the needle placement for the popliteal nerve plexus neurolysis. 

Popliteal nerve plexus neurolysis 

Anatomy
Visualization

Pathology
Visualization

Avoid risks



Ultrasonographic longitudinal view of electrode 
array placement. 
a. Introducer assembly (white arrows) in position 
above the C2 DRG. 
b. Electrode array (yellow arrow) projecting out of 
tip of the introducer sheath. 

A Boos et al. Neuromodulation 2024 

C2 DRG stimulation using an IPG-free PNS system for the 
management of chronic refractory atypical facial pain

receiver pocket 
(RP)
entry point (EP)



SM. Hayek et al. Pain Physician 2009 

Placement of peripheral neurostimulator 
leads at or above the nuchal line in these 5 
cases provided good paresthesiae without 
causing neck muscle spasm. 

ONS



Vafi Salmasi et al.Pain Medicine, 2020 

GON (large arrow) lying in the fascial plane between the semispinalis capitis (SSC) and 
obliquus capitis inferior muscle (OCI). The shadow of the C2 bifid SP (spinous process) is also 
depicted to show the level of needle entry. 
The needle (skinny arrows) is insert from medial to lateral toward the left GON (large arrow). 

Peripheral Nerve Stimulation 
for Occipital Neuralgia 



(a) An ultrasound-guided lateral-to-medial needle trajectory underneath the biceps femoris, gastrocnemius and 
plantaris. The final needle position targets at the intercondylar bony surface. BF: biceps femoris; G: lateral 
head of gastrocnemius; P: plantaris; LFC: lateral femoral condyle; MFC: medial femoral condyle; A: popliteal 
artery; bold white arrow: needle; thin arrow: needle trajectory. 

(b) The anteroposterior and the lateral views of the needle placement for the popliteal nerve plexus neurolysis. 

Popliteal nerve plexus neurolysis 

Anatomy
Visualization

Pathology
Visualization

A guide 

Avoid risks



PNS systems with US guidance has unlocked the potential for varying waveform effects on a peripheral nerve.

 The thresholds were lowest when the nerves and electrodes were parallel

 it may be relevant to investigate the overall position of the target nerve fibers prior to electrode placement

                                          A Resurgence of Peripheral Nerve Stimulation with Innovation in Device Technologies. 
E Sivanesan, A. Gulati. Reg Anesth Pain Med. 2019 



PNS 



Painful Knee arthroplasty



Painful Knee 
arthroplasty





GRAZIE
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