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THE HISTORY OF ELECTRICAL STIMUATION FOR PAIN

Scribonius Largus Black Torpedo Fish
46 AD

Stillings D. Med Instruments. 1975



THE HISTORY OF ELECTRICAL STIMUATION FOR PAIN

Baghdad Batteries
225 – 640 AD

Leyden Jar
1700s



THE HISTORY OF ELECTRICAL STIMUATION FOR PAIN

John Wesley
1703 – 1791

Faradic Electrifier
1850



THE HISTORY OF ELECTRICAL STIMUATION FOR PAIN

Electreat
Patented 1919

Gaiffe Unit
1863



WHAT IS THE GATE THEORY FOR PAIN?

Ronald Melzack Patrick Wall
1965

Melzack R. Science. 1965



WHAT IS THE GATE THEORY FOR PAIN?

William H. Sweet Patrick Wall
1967

Wall P. Science. 1967



TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION

Conventional TENS
(low-intensity, high-frequency)

Johnson M. Rev Pain. 2007



DOES FREQUENCY MATTER?

Conventional TENS
(low-intensity, high-frequency)

Johnson M. Rev Pain. 2007



DOES FREQUENCY MATTER?

Acupuncture-like TENS
(high-intensity, low-frequency)

Johnson M. Rev Pain. 2007



DOES FREQUENCY MATTER?

Intense TENS
(high-intensity, high-frequency)

Johnson M. Rev Pain. 2007



TENS
Posterior thoracotomy

• 50 patients
• 2 dorsal pads 2 cm from incision
• 80 Hz, 250 milliseconds
• 30 minutes q 4 hours for 5 days

Fiorelli A. Eur J Cardiothorac Surg. 2012

interleukin-6 tumor necrosis factor alpha VAS

Morphine Intake



Deer TR. J Pain Res. 2021.
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Overcomes the resistance of skin



Permanent Temporary



Overcomes the resistance of skin



Back to some history



J Neurosurg. 1996

N = 30

N = 8

Arch Phys Med Rehabil. 2001



Am J Phys Med Rehabil. 2005

N = 61

Arch Phys Med Rehabil. 2001

N = 10
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p<0.001

Tx1-year follow up

Percutaneous PNS (n=32)

Conventional Therapies (n=29)

78% Reported Relief 12 months after Treatment 

66% decrease

35% decrease

Am J Phys Med Rehabil. 2005



Arch Phys Med Rehabil. 2014

Arch Phys Med Rehabil. 2011

N = 25



Am J Phys Med Rehabil. 2014
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Neuromodulation. 2016



Rauck RL. Neuromodulation. 2014

Post Amputation 
Pain



Neuromodulation. 2014Reg Anesth Pain Med. 2019

Reg Anesth Pain Med. 2019

Mil Med. 2019

Post Amputation 
Pain



Reg Anesth Pain Med. 2019
Post Amputation 

Pain



Pain Pract. 2021

Pain Med. 2021

Lumbar Pain



Lumbar Pain

Interv Pain Med. 2023 Mar 13;2(1):100243.

N = 74



Gilmore CA. Pain Ther. 2025Lumbar Pain



Majority of participants, (73%) were 
responders for the Primary Endpoint1 
• Avg. 58% reduction among responders

Reductions in Average 
Pain Intensity (BPI-5):

Reductions in 
Disability (ODI):

73% experienced clinically meaningful 
reductions2 in disability after 2 months of 
Percutaneous PNS
• Avg. 21-pt reduction among responders

Pain Pract. 2021



Neuromodulation. 2023 Apr;26(3):694-699.



Guiterrez GG. Headache. May 2025.



Reg Anesth Pain Med. 2025 Jul 



Pain Med. 2020



Pain Management, May 2024

Pa
in

 In
te

ns
ity

 (B
PI

-3
 o

r B
PI

-5
)

Baseline EOT 3-5 mo 6-8 mo 12-14 mo
0

2

4

6

8

10
Treatment Period



Ilfeld BM. Anesthesiology. 2021

Jan 2019- Sept 2020

Types of surgery:
• Rotator Cuff Repair
• Anterior Cruciate Ligament 

Repair with Patellar Allograph
• Hallux Valgus Correction
• Ankle Arthrodesis

Prior to Surgery
• Leads placed 2 cm away from 

nerve
• 100 Hz frequency fixed
• Adjustable intensity



Ilfeld BM. Anesthesiology. 2021

Daily pain scores first 7 days
(Mean ± SD)

Stimulation:
1.1 ± 1.1 
Nonstimulation
3.1 ± 1.7

Oral morphine equivalent 
consumption

Median (Interquartile Range)
Stimulation:
5 mg (0 to 30 mg)
Nonstimulation
48 mg (25 to 90 mg)



Ilfeld BM. Anesthesiology. 2021



Best Practice Guidelines



Pain Physician. 2024 Nov;27(S9):S115-S191.



J Pain Res. 2022; 15: 2483–2504.



J Pain Res. 2022; 15: 2483–2504.



J Pain Res. 2025 Jun 24;18:3117–3139.



J Pain Res. 2025 Jun 24;18:3117–3139.



WHERE HAS PNS BEEN USED IN CHRONIC PAIN AT            &            ?   

Suprascapular
Axillary
Intercostal
Paravertebral
Brachial Plexus
Occipital
Superior Cluneal
Middle Cluneal
Lumbar & Cervical Medial Branch

L3 nerve root
Saphenous
Lateral Femoral Cutaneous
Anterior Tibial
Sural
Pudendal
Superficial Peroneal
Genicular

Radial
Musculocutaneous
Anterior Interosseus
Common Fibular
Sciatic
Popliteal
Ilioinguinal
Ulnar



Complications

Skin pruritus/abrasion/erosion

Lead breakage or migration

Pain after electrode placement

Pulse generator too far from the skin

Uncomfortable motor response

Suboptimal results

MRI conditionality

Infection

Nerve damage

Bleeding



The Future of PNS



Pain Manag. 2025 Jan;15(1):27-36.



Thank you
grant.h.chen@uth.tmc.edu
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