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Abstract: In the United States, hip and knee arthroplasties are amongst the most frequently performed elective surgeries. While generally 
effective, a subset of patients develop chronic post-surgical pain (CPSP) in the affected joint. The management of CPSP is an incredibly 
important area of ongoing research, as the prevalence of individuals with arthroplasties continues to climb. Currently, there is a lack of best 
practice guidelines dedicated to CPSP of the hip and knee following arthroplasty. While conservative modalities including physical 
rehabilitation, pharmacologics, and psychological interventions remain the cornerstone of management of CPSP, this review aims to fill 
an important knowledge gap by providing an overview of the existing interventional treatment modalities. Procedures discussed include 
radiofrequency ablation (RFA), pulsed radiofrequency (PRF), peripheral nerve stimulation (PNS), spinal cord stimulation (SCS), dorsal root 
ganglion (DRG) stimulation, and intrathecal drug delivery systems (IDDS). Moreover, it explores other emerging therapies. To date, RFA 
for CPSP has the most supporting evidence, with strong support for cooled RFA. However, neuromodulation techniques including PRF, 
PNS, SCS and DRG stimulation each may offer promising results in treating CPSP of the hip and knee. Ultimately, without comparative 
analyses, the decision regarding which to pursue relies upon shared decision-making with the patient focused on tailoring treatments to the 
presumed underlying mechanism in line with resource availability and associated costs.
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Introduction
Hip and knee osteoarthritis are prominent sources of pain and disability.1 In response, total hip arthroplasty (THA) and 
total knee arthroplasty (TKA) rank amongst the most commonly performed elective procedures, with an estimated 
1 million arthroplasties performed annually in the United States (US). As of 2010, there were an estimated 2.5 million 
and 4.7 million US individuals who had undergone a THA or TKA, respectively.2 These numbers continue to increase as 
the demand for improved function and quality of life increases with an aging population.2 Regression modeling of 
Centers for Medicare and Medicaid Services data projects that by 2040, the annual number of THAs will increase by 
176% to 719,364 procedures and TKAs will increase by 139% to 1,982,099.3

While THAs and TKAs are generally considered effective in improving pain and functional levels, there remains 
a subset of patient with chronic post-surgical pain (CPSP) in their affected joint.4 The estimated rate of CPSP varies 
depending on study criteria, with some literature reporting it may be as high as 26–58% for THAs and 28–30% for 
TKAs.1,5,6 There is a greater amount of literature discussing post-TKA interventions, likely in part due to a higher 
prevelance.2 CPSP contributes to suboptimal functional recovery and thus adversely impacting quality of life.7 Moreover, 
CPSP may increase the risk of persistent postoperative opioid use.8
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While conservative modalities including physical rehabilitation, pharmacologics, and psychological interventions remain 
the cornerstone CPSP management, there is a growing interest and need for interventional techniques to manage symptoms for 
individuals who have failed conservative modalities and are either not candidates for or do not desire additional surgery. While 
guidelines exist on the general treatment of painful joints, there is a lack of consensus best practice guidelines specifically 
related to the treatment of CPSP.9 Given the variability in study designs, patient populations and outcomes, this narrative 
review aims to synthesize the available evidence for interventional techniques, namely radiofrequency ablation (RFA), pulsed 
radiofrequency (PRF), peripheral nerve stimulation (PNS), spinal cord stimulation (SCS), dorsal root ganglion (DRG) 
stimulation, and intrathecal drug delivery systems (IDDS) in the setting of CPSP. This will supplement and expand upon 
existing reviews, which focus on acute postoperative pain management, conservative modalities, TKAs alone, or on individual 
treatment modalities.7,10–12 While best practice guidelines remain an extraordinarily important area of future research, this 
narrative review offers a synthesis of existing interventional techniques to inform clinical practice. It seeks to answer the 
following research questions: (1) What procedural interventions are being utilized to manage CPSP following hip and knee 
arthroplasty? (2) What is the level of evidence supporting their utilization? (3) What gaps exist for future studies?

Mechanisms of Chronic Post-Surgical Pain
The International Association for the Study of Pain defines CPSP as a chronic secondary pain condition that is characterized 
by pain that develops or increases following a surgical procedure and persists beyond 3 months. The pain is localized to the 
surgical site or referred to an innervation territory of a surrounding nerve, with pain not better explained by pre-existing 
conditions. Sub-diagnoses, such as chronic pain after arthroplasty, are further classified under the ICD-11.13

The basis of CPSP is likely multifactorial. Peripheral sensitization arises in the setting of surgical injury, leading to 
hyperexcitability of nociceptors via direct nerve damage and the release of inflammatory mediators. This is mediated by the 
increased expression of pro-nociceptive ion channels such as transient receptor potential channels, acid-sensing ion channels, 
transient receptor potential cation channels subfamily V member 1, mechanistic target of rapamycin, and Nav1.7 sodium 
channels in the DRG, which all lend to amplify signal transmission.14–16 Prolonged nociceptive input can result in spinal 
neurons that have become sensitized which is mediated by N-methyl-D-aspartate (NMDA) and α-amino-3-hydroxy-5-methyl- 
4-isoxazoleproprionic acid receptors, brain-derived neurotrophic factor, as well as activation of glial cells. These glial cells 
release pro-inflammatory cytokines and chemokines further increasing neuronal excitability and maintenance of the sensitized 
state.14,15 Additional mechanisms include maladaptive neuroplastic changes, impaired descending inhibition, and persistent 
activation of the innate immune system by way of the cyclic guanosine monophosphate synthase stimulation of the interferon 
genes pathway.17 There are also a variety of psychological and genetic factors, such as anxiety, depression, somatization, sleep 
disturbance, catastrophizing, resilience, social factors, and gene polymorphisms that contribute to CPSP susceptibility.18,19

Risk Factors for Developing Refractory Chronic Post-Surgical Pain
The risk factors for developing CPSP following THAs and TKAs remain inconsistent across studies and an important 
area of investigation. A meta-analysis by Ghoshal et al including 171,354 patients found that higher anxiety and 
depression scores were associated with increased risk of CPSP following TKA.20 This is suspected to be due to shared 
neural circuitry between pain and emotional regulation.21 Interestingly, Ghoshal et al did not find any consistent risk 
factors for CPSP following THA, which raises the question of potentially different mechanisms contributing to the two 
CPSP conditions. Other possible risk factors reported by Ghoshal et al, though with limited consistency across studies, 
include female sex, younger age, higher body mass index, and pre-existing psychiatric conditions such as depression and 
anxiety.20 A systematic review by Li et al including 18,792 patients who underwent TKA reported 10 variables as 
strongly associated with CPSP including age, body mass index, comorbidities, preoperative pain, chronic widespread 
pain, preoperative adverse health beliefs, preoperative sleep disorders, central sensitization, preoperative anxiety, and 
preoperative function.22 A review by Zhang et al found the most consistent risk factors for developing CPSP following 
THA included worse preoperative pain and function in addition to more severe comorbid diseases and psychiatric 
conditions.23 Taken together, it is challenging to identify consistent risk factors for the development of CPSP following 
arthroplasty. These findings highlight the importance of a holistic approach to understanding and managing CPSP 
following arthroplasty.
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Non-Interventional Treatment Modalities
The optimal approach to managing CPSP involves a patient-centered multimodal strategy. This includes physical therapy 
and rehabilitation, pharmacologic therapy, psychosocial interventions including cognitive behavioral therapy, followed by 
interventional therapies if indicated.24

Physical therapy and rehabilitation remain the cornerstone of post-arthroplasty recovery. It remains the standard for 
improving range of motion and reducing postoperative fibrosis and scar tissue formation. Because of this, postoperative 
therapy is critical for optimizing functional recovery and pain control. While a significant degree of heterogeneity exists 
between TKA and THA therapy protocols, systematic reviews comparing protocols found no significant differences in 
pertinent outcomes including pain reduction, strength recovery, activities of daily living, or quality of life.24,25

Pharmacologic management also plays a critical role in post-arthroplasty pain control. Adequate pain relief in the 
early postoperative stage often promotes early ambulation and can correlate with long-term pain control.26 Multimodal 
pharmacologic management is often recommended, including topical medications, acetaminophen, nonsteroidal anti- 
inflammatory drugs, and opioids as indicated.27 Given that central and peripheral sensitization are implied in CPSP, often 
manifesting with a neuropathic component to pain manifestation, consideration of neuropathic analgesic adjuncts should 
also be explored as part of a multimodal analgesic strategy. These analgesic adjuncts may include gabapentinoids, 
tricyclic antidepressants, and selective norepinephrine reuptake inhibitors.

As anxiety and depression are commonly reported risk factors for developing CPSP, psychological interventions are also 
an essential cornerstone in CPSP management. The value psychological interventions offer has been well supported by prior 
reviews examining all forms of CPSP as well as CPSP specifically following arthroplasty.28,29 These reviews have demon
strated decreased post-surgical pain and disability, improved patient satisfaction, quality of life, and reduction of healthcare 
costs.29 In light of this, psychiatric treatment remains essential prior to consideration of subsequent procedural interventions.

Ultimately, if conservative modalities fail to provide adequate analgesic relief and further surgical intervention is 
either not indicated or desired, interventional therapies can be considered.

Interventional Techniques
Radiofrequency Ablation
RFA is a minimally invasive procedure that treats pain by using radiofrequency energy to generate heat, creating 
a thermal lesion on the targeted nerve to interrupt pain signal transmission. RFA is particularly effective for chronic 
pain conditions such as knee and hip osteoarthritis, facet joint pain, and chronic migraines. Similarly, cooled RFA 
(CRFA) is a subtype of RFA that uses internally cooled electrodes, which allows for the creation of larger and more 
spherical lesions compared to standard RFA that can be advantageous in targeting complex nerve innervations and 
providing more extensive pain relief.30,31

The common nerves targeted by RFA at the knee are typically the genicular nerves, which provide innervation to the 
majority of the knee. Multiple studies and reviews have described the efficacy of RFA for knee pain, especially when 
targeting the superomedial (SM), superolateral (SL), and inferomedial (IL) genicular nerves. Reviews have demonstrated 
high rates of success in alleviating chronic nonsurgical knee pain through 12 months by targeting these genicular 
nerves.32,33 The American Society of Pain and Neuroscience recommended targeting the SM, SL, and IM genicular 
nerves for RFA in their 2021 guidelines, citing consistent efficacy in reducing pain and improving function.34

Several studies highlight the efficacy of RFA for post-TKA pain (Table 1). Shi et al found comparable success rates 
between post-TKA and osteoarthritic knee pain following RFA, supporting the broad applicability of this technique.35 

Moreover, a study by Khan et al involving 19 post-TKA patients treated with CRFA showed significant improvements in 
Knee Injury and Osteoarthritis Outcome Scores as well as visual analog scale (VAS) at a mean follow-up of 10.2 
months.36 Additionally, a 2022 systematic review which included 11 studies with 265 patients noted a 63% success rate, 
defined as at least 30% pain relief lasting three months or more, among post-TKA patients treated with CRFA.37 These 
findings suggest CRFA as a strong option for patients with persistent post-TKA pain who have failed conservative 
management strategies.
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Comparative studies between CRFA and traditional RFA suggest differences in outcomes based on timing and patient 
needs. Wu et al found that RFA may offer superior short-term pain relief through 6 months post-procedure, with 
significant pain relief reported by 79% of RFA patients versus 59% of CRFA patients.40 However, long-term outcomes at 
12 months were comparable between modalities. The COCOGEN Trial further examined CPSP after TKA, finding that 
CRFA-treated patients achieved statistically significant higher rates of at least 30% pain reduction at 12 months in 
comparison to traditional RFA. Additionally, CRFA was found to be more cost-effective in CPSP management, likely due 
to its ability to create larger lesions that better target the altered anatomy and neuropathic components associated with 
TKA-related pain.38

The primary nerves involved in hip pain, and thus common targets for RFA or CRFA, are the articular branches of the 
obturator nerve, femoral nerve, and to a lesser extent, the sciatic nerve.34 The obturator nerve primarily innervates the 
anteromedial aspect of the hip joint, while the femoral nerve innervates the anterior and SL aspects of the hip capsule. 
The sciatic nerve contributes to posterior innervation. These nerves are frequently implicated in chronic hip pain, 
including post-arthroplasty pain, and targeting their articular branches has repeatedly shown promise in pain relief.39,41 

A recommended location to place the RFA probe is at the anterior IM aspect of the hip capsule, where these nerves 
converge. However, variability in nerve anatomy and the presence of additional articular branches from other nerves, 
such as the superior gluteal and quadratus femoris nerves, may limit complete pain resolution.42,43 Diagnostic nerve 
blocks are best used to confirm the involvement of these nerves prior to RFA.

Current literature demonstrates significant efficacy of RFA in reducing nonsurgical chronic hip pain, primarily for 
pain due to osteoarthritis. Studies report osteoarthritic hip pain relief ranging from 30% to >80% at follow-up durations 
of 3 months to 3 years. For instance, Rivera et al observed a 38% reduction in mean VAS scores at 6 months in 18 
patients with hip pain treated with RFA.44 Kapural et al reported that 69% of patients experienced >50% osteoarthritic 
pain relief at 6 months and 52% at 12 months. In another cohort of 52 patients with osteoarthritic pain undergoing CRFA, 

Table 1 Data Summary of Radiofrequency Ablation for Chronic Post Hip and Knee Arthroplasty Pain

Procedure Author, Year 
(reference #)

Joint (Hip 
vs Knee)

Type of 
Study

Procedure 
Performed

Patient(s) 
Involved

Study 
Duration

Pain Outcomes Data

Radiofrequency Ablation

Shi, 202435 Knee Retrospective 
Cohort

RFA Genicular 
Nerves

27 patients 
with post- 
TKA pain

3 month 
and 6 
month 
follow ups

The overall success rate (≥50% pain relief after 
RFA) was 81.48%, 95% CI: 63.30%-91.82%, P = 
0.91at 3 month follow up and 55.56%, 95% CI: 
37.31%-72.41%, P = 0.94 at 6 month follow up.

Khan, 202236 Knee Retrospective 
Pilot

Cooled RFA 
Genicular Nerves

19 patients 
with post- 
TKA pain

1 year 
follow up

The mean VAS score improved significantly 
from baseline at 8.30 ± 1.1 to 2.45 ± 1.8 (p < 
0.0001).

Belba, 202538 Knee Double- 
blinded, 
Randomized 
Controlled 
Trial

Cooled and 
Traditional RFA of 
Genicular Nerves

20 patients 
with post- 
TKA pain

1 year 
follow up

Patients with ≥50% pain reduction at 12 
months was 22.2% (4/18) in patients treated 
with conventional RFA versus 22.7% (5/22) in 
patients treated with cooled RFA (p>0.05).

Meiling, 202237 Knee Systematic 
Review

RFA Genicular 
Nerves

265 
patients 
with post- 
TKA 
chronic 
knee pain

Positive responses to RFA for post-TKA 
chronic knee pain in a range of 30–100% of 
patients.

Kim, 201739 Hip Case Study Ultrasound-guided 
RFA of the 
Articular Branches 
of the Femoral 
Nerve

59-year-old 
woman 
with post- 
THA pain

4 week, 6 
month, 
and 24 
month 
follow up

At 4 weeks, was a 75% reduction in pain at rest 
and a 80% reduction in pain with activity. At 6 
and 24 months, was a 100% reduction in pain at 
rest and a 90% reduction in pain with activity.

Abbreviations: RFA, radiofrequency ablation; TKA, total knee arthroplasty; CI, confidence interval; VAS, visual analog scale; THA, total hip arthroplasty.
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Kapural et al found that pain scores improved significantly (P < 0.01).41 Lastly, Cheney et al summarized nine studies 
showing 30–80% pain reduction with durable relief for up to 36 months.45

Data specific to post-THA patients, however, remain limited. A case report was identified, which described a case of 
a 59-year-old woman with chronic post-arthroplasty hip pain treated with CRFA of the articular branches of the femoral 
nerve. The patient reported significant pain relief at 24-month follow-up.39 While RFA and CRFA show promise for 
treating chronic hip pain, data specific to post-THA pain is sparse and thus further research is needed to establish the 
efficacy and safety of these interventions in this patient population.

Overall, both RFA and CRFA are viable options for managing chronic post-TKA pain, however there is significantly 
limited data examining post-THA pain limiting its current application. For post-TKA pain, studies show that RFA may 
offer superior short-term relief, while CRFA provides comparable or superior long-term outcomes with potential 
advantages in treating persistent or neuropathic pain due to larger lesion creation and better cost-effectiveness.38,40 

Further large-scale, long-term studies are warranted to optimize patient selection, refine procedural techniques, and 
quantify outcomes.

Pulsed Radiofrequency
In contrast to RFA, which utilizes high temperatures and results in local tissue destruction, PRF is a form of neuromodulation 
which uses short, high-voltage bursts, which alters the neuronal membrane, affects gene expression, and influences cytokine 
release.46 The target tissue temperature is 42°C, resulting in no permanent tissue damage.

A case series by Vas et al was the first to describe the use of PRF in two patients with chronic pain after TKA 
(Table 2). A combination of dry needling and ultrasound-guided PRF to the saphenous, tibial, and common peroneal 
nerves was used. This combination treatment was selected due to a new theory that post-TKA pain is a neuromyopathic 
phenomenon involving both sensory and motor neuropathy. Both patients reported 50–60% pain relief immediately and 
improved feeling of stiffness.47 A retrospective study describing the use of PRF to the L4 DRG demonstrated improve
ment in VAS, reduction in neuropathy scales, and higher satisfaction rate compared to transcutaneous electrical nerve 

Table 2 Data Summary of Pulsed Radiofrequency for Chronic Post Hip and Knee Arthroplasty Pain

Procedure Author, Year 
(reference #)

Joint (Hip 
vs Knee)

Type of 
Study

Procedure Performed Patient(s) 
Involved

Study 
Duration

Pain Outcomes Data

Pulsed Radiofrequency

Vas, 201447 Knee Case Series 
(2)

Ultrasound guided PRF to 
saphenous, tibial, common 
peroneal nerves, and 
peripatellar, subsartorial, and 
popliteal plexuses, dry 
needling, physical therapy, 
medications

2 patients with 
post-TKA knee 
pain

6 month 
follow up

Numeric rating scale (patient 
1: 4–9/10 [pre-treatment] to 
0–3/10 [6 months post- 
treatment]; patient 2: 5–9/10 
to 0–4/10), Oxford Knee 
Score (patient 1: 17 to 40; 
patient 2: 12 to 39)

Albayrak, 
201748

Knee Retrospective 
Cohort

PRF of L4 DRG (fluoro) 39 patients with 
CPSP (>2 months 
pain post-TKA): 17 
- TENS and 
exercise; 22 - 
TENS, exercise, and 
PRF to L4 DRG

253.8 ± 
109 days

4 out of 17 patients achieved 
at least 50% decrease with 
visual analog scale with 
activity in group 1 (TENS and 
exercise) versus 15 out of 22 
patients in group 2 (TENS, 
exercise, and PRF to DRG)

Chen, 202149 Knee Retrospective 
Cohort

PRF to the genicular nerves, 
nerves to vastus medialis, 
intermedium, and lateralis, 
recurrent fibular nerve, and 
infrapatellar branch of the 
saphenous nerve

7 out of the 140 
post-TKA patients 
received PRF

3 month 
follow up

3 of the 7 (≈ 43%) met the 
study’s “positive” outcome 
(≥ 30% pain relief for ≥ 3 
months)

Abbreviations: PRF, pulsed radiofrequency; TKA, total knee arthroplasty; TENS, transcutaneous electrical nerve stimulation; DRG, dorsal root ganglion; CPSP, chronic 
post-surgical pain.
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stimulation (TENS) and exercise alone in patients who were at least 2 months after TKA with persistent pain.48 Lastly, 
a large retrospective study by Chen et al including 265 patients, 140 of which were post-TKA, underwent RFA, CRFA, or 
PRF for knee pain.49 Target nerves were the genicular nerves, nerves to vastus medialis, intermedium, and lateralis, 
recurrent fibular nerve, and infrapatellar branch of the saphenous nerve. Overall, 63% of patients had at least 30% 
decrease in average knee pain lasting at least 3 months. Higher success rates were noted with CRFA versus PRF or RFA 
(67.5% success in the CRFA group versus 54.5% in the RFA group and 42.9% in the PRF group). Though the study did 
not isolate post-TKA patients, this large study supported the efficacy of all types of radiofrequency in patients with 
chronic knee pain both with and without surgical intervention.49 In summary, PRF is a promising treatment technique 
being studied both peripherally on nerves innervating the knee and centrally at the DRG. Across these studies, there has 
been consistent improvement in reports of pain and some improvements in functional outcomes for patients who had 
symptoms after TKA.

There are no studies specifically assessing PRF for post-THA pain; however, the efficacy of PRF for osteoarthritic hip 
pain is well supported. As an example, Tinnirello et al utilized PRF of the femoral and obturator nerves and found >50% 
pain reduction through 6 months follow-up.50 Ultimately, the potential role of PRF in managing post-THA pain warrants 
further investigation.

Peripheral Nerve Stimulation
PNS is a technique that involves the placement of electrical leads onto large, myelinated afferent peripheral nerve fibers, 
thus interfering with transmission of pain signals from small pain fibers via the gate control theory.51 PNS previously 
required surgery for placement and removal, but with the development of smaller leads, placement became possible 
under ultrasound guidance. Another benefit is the ability to stimulate larger nerve trunks rather than distal branches, 
allowing for fewer leads further from the surgical site to cover areas of pain.52

The first case report describing PNS for chronic post-TKA pain was in 2010, in which two patients more than 
one year post-arthroplasty were provided periarticular PNS with significant improvement in their pain and function.53 

Subsequent literature includes two case reports, two case studies, and two prospective studies, all of which demonstrated 
subjective improvement in pain and functional improvements (Table 3).52,54–56 Chauhan et al described the use of 
wireless PNS to the SM genicular nerve for a patient who had failed genicular nerve RFA. The patient reported over 80% 

Table 3 Data Summary of Peripheral Nerve Stimulation for Chronic Post Hip and Knee Arthroplasty Pain

Procedure Author, Year 
(reference #)

Joint (Hip 
vs Knee)

Type of 
Study

Procedure 
Performed

Patient(s) 
Involved

Study 
Duration

Pain Outcomes Data

Peripheral Nerve Stimulation

Goree, 202457 Knee Randomized 
Control Trial

PNS to femoral and 
sciatic nerves 
(ultrasound-guided)

Treatment (20 
pts) vs sham 
stim (21 pts)

8 week 
follow up

A greater proportion of subjects in the 
PNS groups (60%; 12/20) than in the 
placebo (sham) group (24%; 5/21) 
responded with ≥50% pain relief 
relative to baseline (p = 0.028) during 
the primary endpoint (weeks 5–8)

Ilfeld, 201752 Knee Proof of 
Concept

PNS to femoral ± sciatic 
nerves (ultrasound- 
guided)

5 patients post- 
TKA: 3 were 
6–9 days 
postop and 2 
were >90 days 
postop

Decreased pain on an average of 63% 
(mean numeric rating scale decreasing 
from 5.8 to 2.5) at rest immediately 
after lead placement and stimulation 
initiation, with 4 of 5 subjects having 
a >50% improvement

Chitneni, 
202154

Knee Case Study PNS to saphenous and 
superior lateral genicular 
nerves

73-year-old 
female 10 
months post- 
TKA

4 months 80% improvement of her pain at 1 
month and 90% improvement of her 
pain at 2 month follow up

(Continued)
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improvement in their knee pain and had weaned off opioid medications at six-month follow-up.55 Recently, a randomized 
control study by Goree et al comparing 20 patients receiving PNS with 21 patients who received sham stimulation 
demonstrated greater pain relief and distances on the six minute walk test in the PNS group.57 Common targets for PNS 
in post-TKA patients are the femoral, saphenous, and sciatic nerves. Anterior and posterior knee pain can be targeted by 
the femoral and sciatic nerves respectively, and medial knee pain can be addressed with the saphenous nerve, a sensory 
branch of the femoral nerve.52,54,55,57 One case report also described targeting the SL genicular nerve with fluoroscopic 
guidance.54 Placing two leads provides more robust stimulation than one lead alone. Two leads may be inserted on the 
same nerve if one nerve provides adequate pain control.56 No significant adverse effects were noted in the studies.

Few studies have described the use of PNS in post-THA patients, specifically two case reports and one case series. 
The two case reports described stimulating the femoral nerve while the case series described placement of the leads over 
the greatest area of pain, parallel to the postoperative scar over the affected upper lateral thigh.58–60 Though there is 
a lack of randomized trials involving PNS use in patients with chronic hip pain after THA, the few studies described 
demonstrate improvement of pain after PNS with some improvements in functional outcomes.

Spinal Cord Stimulation
SCS is a treatment modality for chronic pain with on-label indications for persistent spinal pain syndromes (type I and 
II), painful diabetic neuropathy, and complex regional pain syndrome (CRPS). SCS therapy is associated with improved 
analgesia, physical function, emotional function, patient satisfaction, quality of life, along with a reduction in analgesic 

Table 3 (Continued). 

Procedure Author, Year 
(reference #)

Joint (Hip 
vs Knee)

Type of 
Study

Procedure 
Performed

Patient(s) 
Involved

Study 
Duration

Pain Outcomes Data

McRoberts, 
201053

Knee Case Series 
(2)

PNS via periarticular 
approach

2 patients 
>1 year postop 
from TKA

6 month 
follow up

Patient 1: 50–70% pain relief during 
the day and 100% pain relief at night at 
6 months. Patient 2: 80–90% pain relief 
at 2 months.

Chauhan, 
202355

Knee Case Study High-frequency PNS to 
superomedial and 
inferomedial genicular 
nerves (trial) then 
permanent in 
superomedial

74-year-old 
male 4 years 
postop from 
TKA with 2 
revision 
surgeries

6 month 
follow up

>80% improvement in knee pain and 
associated symptoms at 6 months

Kelly, 202356 Knee Case Series PNS to femoral and 
saphenous nerves

14 patients, 3 
were post-TKA

6 month 
follow up

Mean percent pain reduction 6 months 
after implantation was 52% (SD=28.2) 
(N=12). A total of 75.0% of 
participants (9/12) reported ≥50% 
reductions in pain six months after 
implantation.

Yakovlev, 
201058

Hip Case Series 
(12)

PNS to area of greatest 
pain, parallel to postop 
scar

12 patients with 
chronic post- 
THA

12 month 
follow up

All 12 patients reported at least 50% 
pain relief at 12-month follow up.

Pierson, 202459 Hip Case Study PNS single lead near 
right femoral nerve

53-year-old 
male with 
chronic pain 
and weakness 
after THA

5 week 
follow up

Lower Extremity Functional Scale 
improved from 35/80 (43.75%) to 54/ 
80 (67.5%) within a five-week time 
period

Joseph, 202360 Hip Case Study PNS femoral 67-year-old 
male with 
persistent post- 
THA pain

80% pain relief with femoral PNS trial. 
50–70% pain relief with permanent 
implant.

Abbreviations: PNS, peripheral nerve stimulation; TKA, total knee arthroplasty; SD, standard deviation; THA, total hip arthroplasty.
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use with potential cost saving implications, though long-term outcomes remain an important area of ongoing 
investigation.61,62 It is proposed that SCS works by way of the gate control theory delivering electrical impulses to 
large sensory fibers in the dorsal column.63,64 While SCS has had many applications in various pain conditions, there 
appears to be a paucity of literature surrounding the use of SCS in post-TKA and post-THA pain.

SCS for post-TKA pain was first mentioned in 2010 in a case report by Lowry and Simopoulos, followed by a case 
series by Gillis et al in 2007.65,66 Of the literature reviewed, including one case series, two case reports, and two 
abstracts, all patients underwent a myriad of treatment options from oral analgesics, therapy, nerve blocks, and RFA, to 
revision surgeries to treat their post-TKA pain before trialing SCS (Table 4).65–69 SCS had a variable but positive impact 
on all patients reported. Lowry and Simopoulos describe a patient who underwent SCS implantation and subsequently 
experienced less pain with activity and significant improvement in her Oxford Knee Score over 1 year.65 Gillis et al 
published a case series describing 3 patients who found relief with SCS. All three cases demonstrated significant pain 
relief, functional improvement, and reduction or cessation of oral analgesic medication.66 Urits et al report a patient with 
complete resolution of pain and opioid use at 6 months post-implant.67 Reeves and Torres published an abstract where 
their patient experienced >80% relief during SCS trial and underwent subsequent implantation.68 Patel and Nicholson 
reported >75% relief in their patient after SCS.69

There was no reference to SCS used in post-THA pain found in the literature. There is evidence to support that 
patients have developed CRPS post-THA.70,71 SCS has been utilized, and demonstrated efficacy in treating CRPS.61,72,73 

It is then plausible that SCS could provide relief to this patient population if they fail to respond to more conservative 
measures.

Although there is a lack of high-quality evidence in the use of SCS in post-TKA pain and an absence of evidence for 
post-THA pain, the literature that does exist shows significant pain relief in these patients and warrants further research to 
optimize its use in these populations.

Table 4 Data Summary of Spinal Cord Stimulation for Chronic Post Hip and Knee Arthroplasty Pain

Procedure Author, Year 
(reference #)

Joint (Hip 
vs Knee)

Type of 
Study

Procedure 
Performed

Patient(s) Involved Study 
Duration

Pain Outcomes Data

Spinal Cord Stimulation

Lowry, 201065 Knee Case 
Study

SCS 
implantation

68-year-old patient 
with post-TKA pain

1 year 
follow up

Baseline Oxford Knee Score decreased from 
39 to 26 one year following SCS implantation 
representing a reduction of pain and disability 
from severe to moderate.

Gillis, 202266 Knee Case 
Series 
(3)

SCS 
implantation

3 patients implanted 
with SCS for chronic 
post-TKA pain

(1) 60% pain relief with trial, persistent pain 
relief following implantation. (2) Pain reduction 
from 6–7/10 to 1–2/10 with increased walking 
distance from ¼ of a mile to 1 mile, sitting 
prolonged from 30 to 60 minutes. (3) 50% pain 
relief

Urits, 201967 Knee Case 
Study

T8-T10 SCS 
implantation

71-year-old male with 
18 month history of 
chronic post-TKA pain

6 month 
follow up

VAS from 7/10 to 0/10 and complete cessation 
of opioid medications

Patel, 201969 Knee Case 
Study

T9-T10 SCS 
implantation

67-year-old female with 
chronic pain following 
bilateral knee 
arthroplasties

10 month 
follow up

>75% pain relief and decreased neuropathic 
symptoms

Reeves, 201668 Knee Case 
Study

L3-L4 SCS 
trial

87-year-old male with 
chronic right knee pain 
seven years after total 
knee arthroplasty

1 week 
follow up

>80% pain relief

Abbreviations: SCS, spinal cord stimulation; TKA, total knee arthroplasty; VAS, visual analog scale.
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Dorsal Root Ganglion Stimulation
DRG stimulation is another form of neuromodulation with increasing utilization, though similar to SCS, long-term 
outcomes remain an important area of ongoing investigation. In comparison to SCS, DRG stimulation offers advantages 
such as greater spatial selectivity and reduced sensitivity to positional changes.63,74,75 DRG stimulation has evidence 
supporting its use in treating chronic focal neuropathic pain and CRPS.76 DRG stimulation is thought to impart pain 
relief in a variety of mechanisms including modulating action potentials at the DRG, reducing hypersensitivity of sensory 
neurons, influencing cellular ion and chemical activity, and reducing inflammation.77

Shulthesis et al published a prospective observational study including 11 patients with post-TKA pain (Table 5). All 
patients underwent a L3-L4 nerve block and if experienced ≥50% pain relief then selected for implantation at that level, 
if <50% relief or area of pain not covered additional roots were blocked, and if ≥50% pain relief with additional root then 
underwent implantation. All subjects underwent implantation. Average VAS decreased from 8.6 to 3.0. Knee range of 
motion improved by 24.5 degrees and walking distance dramatically increased from 125 to 1481 meters. Cessation of 

Table 5 Data Summary of Dorsal Root Ganglion Stimulation for Chronic Post Hip and Knee Arthroplasty Pain

Procedure Author, Year 
(reference #)

Joint (Hip 
vs Knee)

Type of 
Study

Procedure 
Performed

Patient(s) 
Involved

Study 
Duration

Pain Outcomes Data

Dorsal Root Ganglion Stimulation

Schultheis, 
202278

Knee Prospective 
Observtional 
Study

DRG stimulation 11 patients 
with post- 
TKA pain

1 year 
follow up

VAS decreased from 8.6 to 3.0 (p< 0.0001; 
N = 11) and walking distance increased from 
125 meters to 1481 meters. Cessation of 
opioids, antidepressants, and/or 
anticonvulsants was seen in 73% of 
participants.

Gravius, 201979 Knee Two-Part 
Clinical Trial

L4 DRG 
stimulation

12 patients 
with post- 
TKA pain 
and 
diagnosed 
CRPS

3 month 
follow up

10 patients had ≥50% pain relief with trial and 
experienced statistically significant decreases 
in numeric rating scale. At 3 months they 
reported a 61.3% reduction in pain with 60% 
of participants noting at least 50% decrease in 
pain.

Kretzscmar, 
202181

Knee Retrospective 
Study

DRG stimulation 
at L3/L4 levels (6 
patients) and L2/ 
L3/L4 level (1 
patient)

7 patients 
with post- 
TKA pain

36 month 
follow up

Mean pain score on VAS was 55.1 at baseline, 
decreasing to 25.2 at 3 months and further to 
19.1, 16.6, and 14.7 at 12, 24, and 36 month 
follow up, respectively.

Martin, 202082 Knee Retrospective 
Analysis of 
prospectively 
collected data

DRG stimulation 
at L3, L4, and L3/ 
L4 levels.

3 patients 
with post- 
TKA pain

34 
months

The median preoperative numeric rating scale 
pain score was 8.5, decreasing to 2, with 
a median 80% improvement; all patients had 
≥50% reduction (responder rate 100%). 
Median daily morphine equivalent dose 
dropped from 42.5 mg to 20 mg (P = 0.02), 
with a mean 54% reduction.

Morgalla, 
201883

Knee Prospective 
Study, single 
center

DRG stimulation 27 patients 
with post- 
surgical knee 
pain

3 year 
follow up

Mean VAS went from 8/10 preprocedure to 4/ 
10 after DRG stimulation.

Hunter, 201984 Knee Retrospective 
Study, 
multicenter

L1-S1 DRG 
stimulation

12 patients 
with post- 
TKA pain

The most commonly used levels were L3 and 
L4, with pain reductions of 74% and 86.4%, 
respectively.

Hunter, 201984 Hip Retrospective 
Study, 
multicenter

T9-S3 DRG 
stimulation

2 patients 
with post- 
THA pain

The most commonly used levels for this 
region were T12, L1, and L2, with T12 
providing the highest pain relief at 75%, 
compared to 62% for L1 and 66% for L2.

Abbreviations: DRG, dorsal root ganglion; TKA, total knee arthroplasty; VAS; visual analog scale; CRPS, complex regional pain syndrome; THA, total hip arthroplasty.
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opioids, antidepressants, and/or anticonvulsants in 73% of patients.78 Gravius et al conducted a two-part clinical trial 
where they followed 24 patients, 12 who have post-TKA pain and diagnosed CRPS who underwent selective L4 DRG 
stimulation. Ten patients responded with ≥50% pain relief and moved to implantation where they experienced statistically 
significant decreases in VAS. At 3 months follow-up they reported a 61.3% reduction in pain with 60% of participants 
noting at least 50% decrease in pain. Interestingly, they also reported these patients with CRPS displayed a pro- 
inflammatory molecular pattern in serum and following DRG stimulation showed a decrease in serum IL-10 and increase 
in salivary oxytocin, providing insight into the mechanism surrounding neuroimmune modulation.79,80

There is also a collection of literature where post-TKA patients make up a subset of the patients implanted with DRG 
stimulation. Kretzscmar et al conducted a retrospective study including 21 patients who received DRG stimulation, 7 of 
which with post-TKA pain. Of the 7 patients, 6 received DRG stimulation at L3/L4 levels and 1 patient at L2/L3/L4 
level. For the entire cohort, at 36 month follow up, they reported significant pain relief, mental and physical improve
ment, increase in quality of life, and 20 patients were completely opioid free.81 Martin et al conducted a retrospective 
analysis of prospectively collected data on 14 patients undergoing DRG stimulation for chronic knee pain, 3 of which had 
post-TKA pain. Twelve patients underwent implantation. For the 3 post-TKA pain patients, DRG leads were placed at 
L3, L4, and L3/L4 levels. For the entire cohort, they reported median pain improvement score of 80%, median coverage 
of 85%, and all but 1 patient had reduced need for opioid medication over a mean 34 month follow-up.82 Morgalla et al 
completed a prospective, single-center investigation on a cohort of 62 patients, 27 of which were implanted with DRG 
stimulation for post-surgical knee pain, however it is unclear how many were post-TKA specifically. Of the starting 27, 
16 were followed for three years with an average improvement in VAS by 69.2% in this group.83 Within a larger cohort 
of patients, Hunter et al included 12 patients with post-TKA pain treated with DRG stimulation. The average number of 
leads implanted was two and trial stimulation resulted in approximately 70% pain relief overall with subsequent 
implantation in 8 patients. These authors recommended ipsilateral L3 and L4 DRG stimulation for this patient 
population.63,84 No discrete data was found for post-THA pain however, Hunter et al also included 2 post-THA pain 
patients reporting T12, L1, and L2 DRG stimulation in the larger subset of groin/hip patients with T12 showing the 
highest percentage of pain relief.63,84

There appears to be a growing body of evidence to suggest the efficacy of DRG stimulation in the use of post-TKA 
pain. While the literature is lacking for post-THA pain, the available evidence points to a positive result. While DRG 
stimulation can be considered for patients with post-TKA and post-THA pain, more high-quality research is needed to 
solidify its use in this population.

Intrathecal Drug Delivery
Only one case was found describing the use of IDDS in a patient with post-THA pain (Table 6). Dahm et al describe 
a 77-year-old woman who underwent THA and subsequently developed refractory nociceptive-neuropathic pain located 
at ventral and dorsal aspects of the left hip. Intrathecal treatment bupivacaine and buprenorphine provided 85–100% pain 
relief for a follow-up period of 6 years.85

Table 6 Data Summary of Intrathecal Drug Delivery Systems for Chronic Post Hip and Knee Arthroplasty Pain

Procedure Author, Year 
(reference #)

Joint (Hip 
vs Knee)

Type of 
Study

Procedure 
Performed

Patient(s) 
Involved

Study 
Duration

Pain Outcomes Data

Intrathecal Drug Delivery

Dahm, 199885 Hip Case 
Study

Intrathecal 
administration of 
bupivacaine and 
buprenorphine

77-year-old 
woman with post- 
THA neuropathic 
pain

6 year 
follow up

85-100% pain relief, with a decrease of 
daily consumption of nonopioid analgesics 
and sedatives by 80–100%.

Abbreviation: THA, total hip arthroplasty.
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Emerging Therapies
Genicular artery embolization is emerging as a possible intervention to address post-TKA CPSP. Currently, there is a lack 
of substantial evidence, however the first randomized control trial is underway. These researchers will take up to 112 
patients with post-TKA pain and will provide either microparticle genicular artery knee embolization or sham saline. 
Outcomes that will be assessed include changes in pain, mobility, use of pain medications, duration of improvement, and 
adverse effects.86

Cryoanalgesia, or cryoneurolysis, is an intervention which has been utilized for decades for both acute and chronic 
pain management, notably with variable evidence, but has recently been studied for post-TKA CPSP. Cryoanalgesia 
relies upon the application of extremely low temperature (−78°F) to targeted nerves, ultimately creating Wallerian 
degeneration within the axon without disrupting surrounding connective tissue structure. In earlier applications, cryo
neurolysis was applied to the infrapatellar branch of the saphenous nerve for knee osteoarthritis with improved pain, and 
has also been utilized perioperatively with knee arthroplasty with notable reduction of hospital length and opioid use.87,88 

More recently, Bianco et al applied cryoanalgesia to the genicular nerves of patients with chronic knee pain, including 
some with post-TKA CPSP, and found statistically significant and impactful improvements of pain, neuropathic 
symptoms, and quality of life up to 9 months. A slow trend towards baseline was noted over time.89 Ultimately, this 
is a promising modality for CPSP management warranting further investigation.

Lastly, the use of transcranial magnetic stimulation (TMS) in the management of chronic pain is an area of emerging 
interest. Early studies have demonstrated that TMS may reduce acute postoperative opioid requirements following TKA.90,91 

It is suspected that chronic pain may stem from maladaptive brain changes fundamental to pain perception, and thus reversal of 
these areas via neuromodulation may serve an important role in chronic pain reduction. Currently, there is an ongoing 
randomized control trial looking at theta burst TMS to improve centrally mediated osteoarthritic knee pain.92 While still 
requiring significantly more investigation, TMS may serve a role in chronic post-arthroplasty pain management in the future.

Conclusion
Chronic post-arthroplasty pain is an increasingly prevalent condition that is often challenging to manage and has significant 
negative impacts on quality of life.2 If conservative measures fail, interventional therapies serve an important role. To date, the 
best supported interventional approach for chronic post-TKA pain is RFA.36,37 Moreover, while traditional RFA offers 
superior short-term relief, CRFA provides comparable or superior long-term outcomes likely due to larger lesions.38 While the 
utilization of RFA or CRFA for post-THA pain remains a potential future consideration, additional research is required to 
demonstrate its efficacy. In the realm of neuromodulation, PRF is an important tool for post-arthroplasty pain. Both peripheral 
nerve and DRG PRF have established efficacy for post-TKA pain.49 The potential role of PRF for post-THA pain remains 
a viable option, considering the proven efficacy in management of osteoarthritic hip pain, though it requires further 
investigation.50 The role of PNS for post-TKA pain is well supported.52,57 The benefits of PNS for post-THA pain remain 
less certain, though the existing case reports do provide support.58–60 Lastly, while the early literature is supportive of SCS for 
CPSP, there has been a shift in recent focus to DRG stimulation.65,66,70,71 DRG stimulation for post-TKA pain has promising 
results in early studies.78,83 However, the use of DRG stimulation for post-THA pain remains a small subset of larger studies, 
thus warranting further investigation.84

Taken together, the management of post-arthroplasty pain remains an exciting area of development with many promising 
interventional modalities. Numerous areas for future directions exist. Randomized control trials are an important area of future 
research, with an emphasis on assessing both the clinical efficacy and cost effectiveness of each modality. There also tends to 
be a lack of research in post-hip arthroplasty patients compared to post-knee arthroplasty patients. Comparative analyses 
between the different interventions are also necessary to help elucidate which patient populations would benefit most from 
each type of intervention. In line with this, a better understanding of the underlying mechanisms is needed to help guide 
targeted management. Each of the above will play a critical role in the development of best practice guidelines and a more 
standardized approach to the management of CPSP following hip or knee arthroplasty. Currently, the choice of which modality 
to pursue is based upon patient-centered discussions with a focus on tailoring treatments to the presumed underlying 
mechanism. Moreover, practical barriers must also be considered, including cost and resource availability. For instance, 
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although advanced neuromodulatory techniques are associated with higher initial costs than modalities such as RFA or CRFA, 
their long-term cost-effectiveness in the treatment of CPSP warrants further investigation.62

This review has several limitations to address. Firstly, the findings are shaped by the limited and heterogenous literature 
available in many of the domains discussed, affecting the generalizability of findings. Additionally, the lack of controls and 
retrospective nature of many of the reported studies also limits the generalizability of the findings. Lastly, as this was 
a narrative review, it lacks a more standardized review approach thus limiting replicability and increasing variability and the 
potential impact of bias. Future studies may focus on a more systematic approach to decrease these risks.

Abbreviations
US, United States; THA, total hip arthroplasty; TKA, total knee arthroplasty; CPSP, chronic post-surgical pain; RFA, 
radiofrequency ablation; PRF, pulsed radiofrequency; PNS, peripheral nerve stimulation; SCS, spinal cord stimulation; 
DRG, dorsal root ganglion; IDDS, intrathecal drug delivery systems; VAS, visual analog scale; CRFA, cooled radiofrequency 
ablation; NMDA, N-methyl-D-aspartate; SM, superomedial; SL, superolateral; IL, inferomedial; TENS, transcutaneous 
electrical nerve stimulation; CRPS, complex regional pain syndrome; TMS, transcranial magnetic stimulation.
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