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• Review the role of peripheral nerve stimulation (PNS) in pain 

management, highlighting advances in imaging and technology

• Describe an algorithmic approach to patient selection for 

peripheral nerve stimulation in orthopedic surgery

• Explain key criteria for patient selection in peripheral nerve 

stimulation (PNS) from the perspective of a pain specialist

Learning Objectives
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Spinal Cord Stimulation (SCS)

Neuropathic Pain

Types of Pain

SISMED. Accessed August 5, 2025. https://www.sismed-it.com/neurostimolazione-elettrica-e-breakthrough-cancer-pain. Guzman-Negron JM, et al. Curr Urol Rep. 

2017;18(12):94.

Peripheral Nerve Stimulation (PNS)

Nociceptive Pain



Electrical Methods

• Transcutaneous Electrical Nerve Stimulation (TENS)

- Non-invasive; uses surface electrodes to modulate nerve activity

• Peripheral Nerve Stimulation (PNS)

- Implantable device delivers pulses near the nerve to block pain signals

• Kilohertz Frequency Alternating Current (KHFAC)

- Delivers high-frequency current to reversibly block Aδ and C fibers

Chemical Methods

• Local Anesthetics (eg, lidocaine, bupivacaine)

- Block sodium channels; reversible nerve conduction block

• Neurotoxins (eg, botulinum toxin, capsaicin)

- Temporarily or permanently impair neurotransmission

• Alcohol or Phenol Neurolysis

- Cause irreversible nerve destruction—used in severe chronic pain

Thermal Methods

• Cryoneurolysis

- Uses extreme cold to disrupt axonal conduction; can be temporary or long-lasting

How Do We Block Peripheral Sensory Nerves?

Verrills P, et al. J Pain Res. 2016;9:481-492. Neuroaxis. Accessed August 21, 2025. https://neuroaxis.com.au/procedures/pain-procedures/spinal-cord-stimulators.



• Use of electricity to treat pain

• Neuromodulation is the direct application of electrical current to alter 

neural activity, in this case, specific to an affected peripheral nerve

• Goal is to deliver selective stimulation of pain-relieving large sensory 
fibers while avoiding the induction excitation of unwanted muscle 

contractions, muscle weakness, and reduced proprioception pain and 
motor fibers

What Is PNS?

Lin T, et al. Pain Med. 2020;21(Suppl 1):S6-S12.



Mechanism of Action

Grace Brandhurst…Vasa D, et al. Presented at: 9th Annual Interdisciplinary Conference on Orthopedic Value-Based Care; April 3, 2025; Dana Point, California.

Bioventus Confidential ©2021

Nerve Fiber Type Diameter Conduction Velocity Myelination Sensation Carried

Aα (Alpha) Largest Fastest (~80–120 m/s) Yes Proprioception (not pain-related)

Aβ (Beta) Large Fast (~35–90 m/s) Yes
Touch, pressure (can modulate 

pain)

Aδ (Delta) Small Medium (~5–35 m/s) Lightly myelinated Sharp, acute, localized pain; cold

C Fibers Smallest Slowest (~0.5–2 m/s) No
Dull, burning, diffuse pain; 

warm/hot; itch



Mechanism of Action

Zhang S, et al. Front Neurosci. 2024:18:1404903.
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• Block response to identify 

target, not predict efficacy

- Short-term analgesia with flare

▪ Surgery/ablate

- Long-term analgesia

▪ Stimulate

• If we can block it, then we can 

stimulate it

- Negative block does not equal 

no stimulus

Appropriateness for PNS

MRI = magnetic resonance imaging; EMG = electromyography; NCV = nerve conduction velocity.

North RB, et al. Pain. 1996;65(1):77-85.



ORIF = open reduction and internal fixation.

Terkawi AS, et al. Anesthesiol Clin. 2023;41(2):489-502.



Terkawi AS, et al. Anesthesiol Clin. 2023;41(2):489-502.



• Potential advantages of PNS
- It mostly does not induce sensory, motor, or proprioception deficits

- It can produce more sustainable benefits than other conventional methods like 
pulsed radiofrequency neuromodulation and cryotherapy

- It is less invasive than spinal cord stimulators and easier to remove

- The patient can control the amount of stimulation (ie, personalized treatment)

- It may help regenerate injured nerves (ie, therapeutic treatment)

• Different mechanisms of action have been postulated for the effect of 
PNS

- Modulation of pain gate control pathway (ie, distract the pain pathway)

- Intrinsic capacity to regenerate axons into target tissues after nerve injury

Juckett L, et al. Biomolecules. 2022;12(12):1856.

Peripheral Nerve Stimulators



• Electrical stimulation (ES) proximal to injury site 
stimulates upregulation of regeneration-
associated genes (RAG) through a calcium-
dependent mechanism

• Increased expression of BDNF and trkB drives 
increased expression of cAMP, which activates 
CREB to maximize the pro-regenerative axon 
phenotype, stimulating axonal sprouting and 
neuron survival

• ES causes calcium and sodium to flood the 
neuron, creating an action potential that 
propagates retrograde to the cell body, like that 
which occurs naturally following an injury 

• In vitro experiments demonstrated that following 
ES delivery (20 Hz, 3-5 V, 100 µsec for 1hr), 
and subsequent calcium influx, there is an 
increase in mRNA expression of BDNF and its 
high-affinity receptor, tyrosine receptor kinase B 
(trkB)

Peripheral Nerve Stimulators

BDNF = brain-derived neurotrophic factor; cAMP = cyclic adenosine monophosphate; CREB = cAMP response element binding protein; mRNA = messenger

ribonucleic acid.

Juckett L, et al. Biomolecules. 2022;12(12):1856.



• 31 patients, 11 surgery, and 20 

surgery and PES

• 1hr of 20 Hz following surgery

• Followed for 3yrs

• Motor unit number estimation 

significantly improved, and grip 

strength and key pinch strength 

(3x greater)

Postsurgical Electrical Stimulation Enhances Recovery 
following Surgery for Severe Cubital Tunnel Syndrome: A 

Double-Blind RCT

PES = postoperative electrical stimulation; SE = standard error.
Power HA, et al. Neurosurgery. 2020;86(6):769-777.



PNS for Peripheral Neuropathic Pain

LE = lower extremity; UE = upper extremity; SD = standard deviation.

Deer T, et al. Neuromodulation. 2016;9(1):91-100.



• 39 patients, 11 peripheral nerves, from 18 centers

• Average of 71% pain reduction and 72% increase in activity 

• 89% of patients had at least a 50% reduction in opioid use 

PNS for Focal Mononeuropathy

Oswald J, et al. Pain Manag. 2019;9(6):551-558. Oswald J, et al. Presented at: 26th NANS Annual Meeting; January 12-15, 2023; Las Vegas, Nevada. 



• Multicenter prospective 
case series of 60-day 
PNS system for 14 
months (74 patients)

• Clinically meaningful 
improvement in at least 1 
outcome

- Pain intensity, disability, 
and interference

- No serious AE

Durable Patient-Reported Outcomes following 60-
Day Percutaneous PNS of Medial Branch Nerves

AE = adverse event.

Gilmore GA, et al. Interv Pain Med. 2023;2(1):100243.



BPI = Brief Pain Inventory; ODI = Oswestry Disability Index; PI = principal investigator; PGIC = Patient Global Impression of Change; RFA = radiofrequency ablation; 

NSAIDs = non-steroid anti-inflammatory drugs.

Gilmore GA, et al. Presented at: 23rd Annual Pain Medicine Meeting (ASRA); November 21-23, 2024; Las Vegas, Nevada.



• Prospective 5yr follow-up of Reactiv8-B pivotal 
trial

• Permanent multifidus stimulator implant

• 30 min BID

• N=204

• VAS, Oswestry disability, QoL

• VAS 7.3→2.4

• 71.8% had ≥50% reduction

• 46% discontinued opioids, 23% decreased 
intake

• No migration or IPG replacements

Five-Year Longitudinal Follow-Up of Restorative Neurostimulation 
Shows Durability of Effectiveness in Patients with Refractory Chronic 

LBP Associated with Multifidus Muscle Dysfunction

LBP = low back pain; BID = twice daily; VAS = visual analogue scale; QoL = quality of life; IPG = implantable pulse generator.

Gilligan C, et al. Neuromodulation. 2024;27(5):930-943.



Case Analysis Comparison

MMRM = mixed model for repeated measures.

Gilligan C, et al. Neuromodulation. 2024;27(5):930-943.



• Due to mechanism and efficacy, occipital stimulation has been studied 
more than other types of neuromodulation 

- Central and peripheral mechanisms

- Promising for other types of head pain/headache

• ONS currently has most clinical evidence 
- Migraine, chronic headache, and occipital neuralgia

• Prior to newer technologies
- Using leads made for SCS and internal pulse generator

- 50-85% improvement

- High complication rates—migration, erosion—up to 71%

o IPG difficult

Head and Neck Pain

ONS = occipital nerve stimulation.

Salmasi V, et al. Pain Med. 2020;21(Suppl 1):S13-S17. Anthony AB, et al. Pain Physician. 2019;22(5):447-477. Slide used with permission from Matt Pingree, MD.



Safety and Efficacy of PNS of Occipital Nerves for 
Management of Chronic Migraine: Long-Term Results 
from a Randomized, Multicenter, Double-Blinded, 
Controlled Study

• 157 patients randomized to active or control for 

12 weeks, then open label for 40 weeks​

• HA days reduced by 6.7​

• Excellent relief reported by 65.4%​

• 183 adverse events, with 40.7% requiring      surgery 

and 8.6% requiring hospitalization

Occipital Nerve Stimulation for the Treatment of 

Intractable Chronic Migraine Headache: ONSTIM 

Feasibility Study

• 75 patients to multisite RCT

• Adjustable or Preset stimulation vs medical 

management

• Field stimulation using epidural-style leads 

• RR (>50% reduction in HA days or VAS decrease >3)

• Con: industry funding and underpowered for efficacy, 

adverse events (24% migration)

PNS of Occipital Nerves for Chronic Migraine

RCT = randomized controlled trial; RR = relative risk; HA = headache.

Dodick DW, et al. Cephalalgia. 2015; 35(4):344-358. Saper JR, et al. Cephalalgia. 2011;31(3):271-285.



Safety and Efficacy of ONS for the Treatment 
of Chronic Migraines: Randomized, Double-
Blind, Controlled, Single-Center Experience

• 20 patients active or control for 12 weeks, then open 

label for 40 weeks​

• HA days reduced by 8.51​

• 35% had 50% reduction in HA days (0% in control 

group)​

• 15/20 (75%) patients had adverse event; 45% 

hardware-related

ONS Stimulation for Chronic Migraine: A 

Randomized Trial

• 30 patients for migraine and medication overuse​

• Crossover at 4 weeks​

• Significant difference P<.05 in HA intensity and 

frequency​

• Con: Single center, unblinded, small, lack of control 

beyond 8 weeks

PNS of Occipital Nerves for Chronic Migraine

Mekhail NA, et al. Pain Pract. 2017;17(5):669-677. Serra G, et al. Pain Physician. 2012;15(3):245-253.



Summary

• Background occipital nerve stimulation (ONS) has shown promising results in 

small, uncontrolled trials in patients with medically intractable chronic cluster 

headache (MICCH)

• We aimed to establish whether ONS could serve as an effective treatment for 

patients with MICCH

Methods and Results

• Randomized, double-blind, multi-center, Phase 3, electrical dose-controlled trial

• 24 weeks of occipital nerve stimulation at either 100% or 30% of the individually 

determined range between paraesthesia threshold and near-discomfort (double-

blind study phase)

• 131 patients; 65 (50%) patients to 100% ONS and 66 (50%) to 30% ONS

• 100% ONS reduced weekly HA frequency from 17-58 to 9.50, at 21-24 weeks; 

the 30% ONS group from 15.00 to 6.75

• 17 with 100% ONS and 8 with 30% ONS were labelled as serious, given they 

required brief hospital admission for minor hardware-related issues

• The most common adverse events were local pain, impaired wound healing, neck 

stiffness, and hardware damage

• This study was interpreted as positive, although there was no sham control

Safety and Efficacy of ONS for Attack Prevention in 
Medically Intractable Chronic Cluster Headache (ICON)

Wilbrink LA, et al. Lancet Neurol. 2021;20(7):515-525.



• US-guided lead placement

• After successful block

• 5 leads implanted in 3 patients

- 2 bilateral

PNS for Occipital Neuralgia

*Primary diagnosis for all these patients is “occipital neuralgia”; †Same patient as number 1.

US = ultrasound.

Salmasi V, et al. Pain Med. 2020;21(Suppl 1):S13-S17.



Proximal Occipital Nerve Stimulation



Doppler Ultrasound

• Doppler confirms no 

vertebral artery near 

target, and black circle is 

nerve, not vessel

GON = greater occipital nerve; OCI = osteitis condensans ilii; TP = transverse process; DRG = dorsal root ganglion.



• Xiang Qian, PhD, MD, is PI—no funding

• Meredith Barad and Einar Ottestad are co-investigators

• GON blocks can treat migraine HAs in the short term

• Will PNS provide extended relief?

• Primary endpoint abortive: Percentage of abortive stimulations that result in minimal HA after 

2 hrs at 1, 2, and 3 months

• Primary endpoint prophylactic: Percentage of days with mod/sev HA

• Secondary: Percent of days with abortive medication usage; PROMIS Profile CAT v1.0 and 

Migraine-Specific QOL (MSQOL); responder rates

PNS of the Greater Occipital Nerve Feasibility and Efficacy As 
Both Prophylactic and Abortive Therapy for Migraine

PROMIS = patient-reported outcomes measurement information system; CAT = computer adaptive test.



Chart shows headache diary entries vs days

Negative days on x-axis are before end of baseline
Positive days on x-axis are after device activation

Headache day: red, 20 points

Used rescue medicine: orange, 10 points
Used abortive stimulation: blue

• No headache after: 3 points
• Mild headache after: 6 points

• Moderate/severe headache after: 9 points

Ottestad E. Unpublished.



Chart shows headache diary entries vs days

Negative days on x-axis are before end of baseline
Positive days on x-axis are after device activation

Headache day: red, 20 points

Used rescue medicine: orange, 10 points
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• No headache after: 3 points
• Mild headache after: 6 points

• Moderate/severe headache after: 9 points

Ottestad E. Unpublished.



Systematic Reviews

Deer TR, et al. Pain Med. 2020;21(8):1590-1603. Helm S, et al. Pain Ther. 2021;10(2):985-1002. Xu J, et al. Pain Physician. 2021;24(2):E131-E152. Strand N, et al. J Pain 

Res. 2022;15:2483-2504.



• Level I for occipital nerve stimulation
- 5 RCTs

• Level I for LBP
- 3 RCTs

• Level II for sphenopalatine ganglion
- 1 RCT

• Level II for post-stroke shoulder pain
- 1 RCT

• Level II for mononeuropathy of trunk or 
extremities

- 1 RCT

• Level III for posterior tibial nerve stimulation
- 3 RCTs

Appropriateness for PNS

Deer TR, et al. Pain Med. 2020;21(8):1590-1603. 



• Level I evidence in chronic 

migraine

• Level II evidence in cluster HA, 

PAP, CPP, CLBP, lower 

extremity pain

• Level IV in peripheral 

neuropathic pain and post-

surgical pain

PNS in Pain Management

PAP = post-amputation pain; CPP = chronic pelvic pain; CLBP = chronic LBP.

Xu J, et al. Pain Physician. 2021;24(2):E131-E152. 



• 102 studies identified 1966-2021

• 5 RCTs, 4 observational

• Level II evidence to use PNS to treat 

peripheral nerve pain

• 2/3 of patients have at least 50% 

improvement

• “Therefore, there is level II evidence 

supporting PNS in the treatment of 

refractory peripheral nerve 

neuropathic pain.”

PNS for Chronic Pain

Helm S, et al. Pain Ther. 2021;10(2):985-1002.



ASPN Guideline

ASPN = American Society of Pain and Neuroscience.

Strand N, et al. J Pain Res. 2022;15:2483-2504.



PNS by Nerve

PLP = phantom limb pain. 

Busch C, et al. Biomedicines. 2022;10(7):1666.



Sciatic PNS Implant Preoperative Scan
• 48yo Male s/p traumatic BLE amputation with R 

residual limb pain greater than phantom pain

• Common peroneal neuroma at fibular head and at 

tibial insertion from previous nerve decompression 

surgery

s/p = status post.

Sciatic Nerve

Prosthesis



Sciatic Nerve OOP View of Needle

OOP = out of phase.



Sciatic Nerve Stimulation Probe in Plane View



Sciatic Nerve with Introducer



Sciatic Nerve Lead in Distal Introducer



Sciatic PNS Burying Lead



Marking Lead and Antenna Location



Sciatic PNS Implant
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Nerves of the Knee

Tran J, et al. Reg Anesth Pain Med. 2018;48(4):407-414.



Nerve Targets in the Knee

4

2

31

Spence E, et al. WFSA. Published May 25, 2021. Accessed August 21, 2025. https://resources.wfsahq.org/atotw/motor-sparing-blocks-for-the-knee.



• Non-surgical knee OA candidates

- Age

- Non-modifiable comorbidities (eg, CHF, PVD, CAD/stent…)

- “Modifiable” comorbidities (eg, BMI, smoking)

• Painful arthroplasty (? Loosening, ? Failure)

- Painful UKA

- Painful TKA

- Painful revision

PNS Candidates

OA = osteoarthritis; CHF = congestive heart failure; PVD = peripheral vascular disease; CAD = coronary artery disease; BMI = body mass index; UKA = 
unicompartmental knee arthroplasty; TKA = total knee arthroplasty.
Bioventus Confidential ©2021



• Trial (try it before you buy it)

- Test treatment with temporary removable leads

- Sedation

- Trial leads placed percutaneously

- Patient ambulates to assess effectiveness

- ? >50% pain reduction

PNS Candidates



Painful PFJ

PFJ = patellofemoral joint.









Did It Work?



• Permanent

- If trial is successful (>50% pain relief)

- General anesthesia

- Percutaneous placement and tunneling of lead

- Post-implantation managed by rep

PNS for Painful PFJ







• Relationship with rep is different than traditional ortho
- Rep is the patient’s concierge post op, similar to pacemaker

• Meet with rep and learn their role

• Patient education 
- Anxiety about a “wire” in their leg – compare to pacemaker/defibrillator/SCS…

• Lab/site visit
- Easier/safer than arthroscopy

• Patient selection
- Pre-auth/insurance approval (start with Medicare)

• Psych evaluation?

PNS for Ortho: Where to Start



Nerve Targets in the Knee
• 55yo Female

• Bone on bone knee OA (KL4)

• BMI 41

• Severe anterior and medial knee pain 

limiting function

• Does not want TKA



3 Months s/p PNS





• PNS for chronic peripheral nerve pain is supported by 
moderate to high level evidence

- Occipital Nerve Stimulation has level I for migraine, MOH

- SPG has level II evidence

- Lower back pain has level I evidence

- PSSP has level I evidence

- PTNS has level III evidence

• PNS for chronic neuropathic pain in the limbs or trunk

• Musculoskeletal pain

• Phantom limb pain

• Non-specific lower back pain

• Post-surgical – if we can block it we can stimulate it 
and this may aid regeneration

Conclusions

MOH = medication overuse headache; SPG = sphenopalatine ganglion; PSSP = post-stroke shoulder pain; PTNS = percutaneous tibial nerve stimulation.



Q&A
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