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Introduction

Chronic knee pain is a prevalent condition that impairs mobility,
function, and quality of life, with osteoarthritis (OA) and persistent
post-surgical pain following total knee arthroplasty (TKA) being leading
causes. Conventional treatments such as NSAIDs, corticosteroids, and
opioids often provide temporary relief but are limited by side effects
and long-term risks. While TKA remains the standard for advanced OA,
it is not suitable for all patients and does not guarantee pain resolution.

Peripheral nerve stimulation (PNS) has emerged as a minimally
invasive, non-opioid treatment that targets genicular and saphenous
nerves to modulate pain pathways. Recent advances have introduced
both temporary systems (e.g., 60-day percutaneous leads)
and permanent implantable devices (e.g., Freedom®, Nalu™,
Stimwave®), expanding treatment options for diverse patient
populations.

This systematic review uniquely evaluates both temporary and
permanent PNS systems in adults with chronic knee pain, including
those after TKA and those managed non-surgically, with a focus on pain
relief, functional improvement, and opioid reduction. By analyzing 18
studies (9 temporary, 9 permanent), this review highlights the current
evidence base and identifies gaps for future research.

Objective and Significance

This review aims to compare clinical outcomes—including pain
reduction, opioid use, and functional improvement—among adults with
chronic pain following total knee arthroplasty (TKA) or non-surgical
etiologies such as osteoarthritis.

This is the first systematic review to explicitly compare temporary
and permanent PNS devices and to include patients with chronic post-
TKA pain as well as those who did not undergo surgery, a population
often underrepresented in prior literature.

Methods

A systematic review was conducted using PubMed, Embase, and
Scopus to identify studies published since 2010 evaluating peripheral
nerve stimulation (PNS) for chronic or post-surgical knee pain. The
search strategy was designed to capture both temporary (e.g., SPRINT)
and permanent (e.g., Freedom, Nalu, Stimwave) PNS systems. Studies
were eligible if they included adults (=18 years) with chronic knee
pain—either post-total knee arthroplasty (TKA) or managed non-
surgically—and reported outcomes on pain relief, functional
improvement, or opioid use. Randomized trials, case series, and case
reports were included.

After duplicate removal, 275 unique articles were screened. A
total of 88 full texts were reviewed, and 18 studies met inclusion
criteria. Studies were categorized into two groups: 9 using temporary
60-day systems and 9 using permanent implantable PNS systems. A
PRISMA 2020 flow diagram outlines the full screening process.
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Inclusion Criteria:
1. Studies involving Peripheral Nerve Stimulation (PNS) or
neuromodulation targeting knee pain.
2. Participants aged 18 years and older.
3. Atrticles published after 2010.
4. Studies reporting clinical outcomes such as:
a. Pain relief (e.g., reduction in pain scores).
b. Functional improvements (e.g., mobility, quality

c. Reduction in opioid or other pain medication
usage.
5. Study designs including:
a. Randomized Controlled Trials (RCTs).
b. Case series and case reports.
c. Prospective and retrospective studies.
6. Studies addressing postoperative pain or chronic knee
pain related to:
a. Osteoarthritis.
b. Total knee arthroplasty (TKA).
Exclusion Criteria:
1. Studies focusing on neuropathic pain unrelated to the knee
(e.g., phantom limb pain, sciatic neuropathy).
Non-knee PNS studies (e.g., shoulder, back, or foot pain).
Articles published before 2010.
Abstract-only articles or studies without full-text access.
Non-human studies or animal models.
Studies with insufficient data on clinical outcomes (e.g.,
pain reduction, functional improvement).
Review articles or editorial opinions without primary data.
Studies focusing exclusively on spinal cord stimulators or
other neurostimulation unrelated to PNS.
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Figure 1. PRISMA 2020 flow diagram illustrating the systematic identification, screening, eligibility assessment, and inclusion of studies evaluating peripheral
nerve stimulation (PNS) for knee pain. Adapted from: Page MJ, et al. BMJ 2021,372:n71. doi: 10.1136/bmj.n71.
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Table 1. Temporary PNS Systems (60-Day Leads) for Chronic Knee Pain. Summary of studies using short-term percutaneous PNS (e.g., SPRINT®) in post-TKA and

non-surgical knee pain. Most showed 250% pain relief and minimal adverse events.
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Table 2. Permanent PNS Systems for Chronic Knee Pain. Summary of studies using fully implanted or externally powered PNS systems (e.g., Freedom®, Nalu™,

Stimwave®). Effective across post-TKA and non-TKA patients with sustained relief and rare complications.

Results

A total of 18 studies (including RCTs, case series, case reports, and
feasibility studies) involving patients with chronic or post-surgical knee
pain were included. Nine studies evaluated temporary systems (e.g.,
SPRINT®) and nine evaluated permanent systems (e.g., Freedom®,
Nalu™, Stimwave®), targeting genicular, saphenous, or femoral nerves.

All studies reported pain reduction, with 250% improvement
common across both device types. Functional gains and opioid
reduction were frequently observed, particularly in permanent system
cohorts. Adverse events were rare and typically minor. See Tables 1 and
2 for detailed outcomes by study.

Discussion and Conclusions

Peripheral nerve stimulation (PNS) offers a minimally invasive,
opioid-sparing treatment for chronic knee pain—including in patients
who are not candidates for total knee arthroplasty (TKA) or continue to
experience pain postoperatively. Across 18 included studies, both
temporary and permanent PNS systems were associated with clinically
meaningful pain relief, improved function, and opioid reduction, with a
low rate of adverse events.

Despite encouraging outcomes, most studies were small and
observational, with only one randomized trial. Comparative
effectiveness between device types, long-term outcomes, and ideal
patient selection remain areas for future research.

PNS appears to be a promising and safe option for refractory knee
pain, both post-TKA and in non-surgical patients. Larger, controlled
studies are needed to validate these findings and inform clinical
guidelines.
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