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ABSTRACT 
Symptomatic knee osteoarthritis (KOA) may persist despite conservative care, and arthroplasty is not suitable 
for every patient. Genicular artery embolization (GAE) and genicular nerve radiofrequency ablation (RFA) 
target different proposed sources of knee pain. Because invasive procedures can produce substantial 
contextual responses, this review examined only sham-controlled randomized controlled trials (RCTs). 
PubMed, ScienceDirect, Europe PMC, and OpenAlex were searched for English-language reports published 
from January 2016 to June 2026. Eligible trials enrolled adults with symptomatic KOA and compared GAE or 
genicular nerve RFA with a sham procedure. Outcomes included pain, function, global improvement, analgesic 
use, imaging findings, and adverse events. Risk of bias was assessed with Cochrane Risk of Bias 2, and the 
evidence was synthesized narratively. Four RCTs randomized 221 participants. In the two embolization trials, 
pain improved in both active and sham groups, without significantly greater pain relief after GAE at 12 months; 
one exploratory analysis favored complete embolization for selected secondary outcomes. The two RFA trials 
differed: bipolar ablation of three genicular nerves was no better than sham RFA with local anesthetic and 
steroid at 12 months, whereas cooled RFA produced higher pain-responder rates than sham at 1, 3, and 6 
months. No serious procedure-related complications were reported. The available sham-controlled evidence 
does not show a durable pain benefit of GAE beyond the sham response, whereas cooled RFA has the clearest 
evidence of short-term analgesic efficacy, although results vary by technique. Direct comparative trials with 
standardized procedures and longer follow-up are required. 
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INTRODUCTION 
Knee osteoarthritis (KOA) commonly causes 
persistent pain and loss of mobility, limiting both 
everyday activity and employment1. Its prevalence 
continues to rise with population aging and obesity, 
adding to the demand for clinical care2,3. Total knee 
arthroplasty is effective for advanced disease, but it 
is not suitable or acceptable for every patient4. 
Comorbidity, less advanced radiographic disease, or 
a preference to postpone surgery may preclude this 
option. Patients who remain symptomatic after 
exercise, weight management, analgesia, non-
steroidal anti-inflammatory drugs, or intra-articular 
injections consequently have few choices between 
conservative care and joint replacement. 
 
Non-operative treatment remains central to KOA 
care. Guidelines recommend choosing among 
education, exercise, weight management, topical or 
oral medication, and selected intra-articular 
therapies according to the patient's needs5,6. Relief is 
not always sustained, and repeated medication or  

 
injection may be limited by adverse effects, 
contraindications, or patient preference. This unmet 
need has led to investigation of image-guided 
procedures directed at specific contributors to knee 
pain. 
 
Genicular artery embolization is intended to reduce 
pain by occluding abnormal periarticular neovessels 
associated with synovial inflammation7. Synovitis 
and angiogenesis may be accompanied by sensory 
nerve growth and increased nociceptive signaling in 
painful KOA8. Selective embolization could therefore 
lessen local inflammatory activity while maintaining 
the major arterial supply. Prospective cohorts have 
reported improvement after GAE9,10, but an 
uncontrolled change from baseline cannot separate 
a procedural effect from symptom fluctuation, 
regression to the mean, or the patient's expectation 
of benefit. Sham-controlled randomized evidence is 
needed before the procedure can be considered 
established care11. 
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Genicular nerve RFA uses a different strategy by 
interrupting nociceptive input from sensory 
branches around the knee, usually the 
superomedial, superolateral, and inferomedial 
genicular nerves12,13. Conventional, pulsed, bipolar, 
and cooled techniques differ in lesion size, target 
coverage, imaging guidance, and patient selection. 
The 2019 American College of Rheumatology/ 
Arthritis Foundation guideline conditionally 
recommended RFA for knee OA, while noting 
uncertainty about technique, comparator choice, 
and longer-term safety6. These procedural 
differences matter because efficacy may depend on 
the ablation method, lesion geometry, use of a 
prognostic block, and the treatment delivered to the 
control group. 
 
Placebo and contextual responses are particularly 
relevant when invasive treatments are assessed for 
pain14. KOA trials rely heavily on patient-reported 
pain, function, global change, and quality of life. 
These outcomes can be influenced by treatment 
expectations, the success of blinding, contact with 
the procedural team, and the apparent intensity of 
the intervention15. Sham procedures themselves 
may produce appreciable improvement16,17. Studies 
without a credible sham control may consequently 
attribute too much of the observed change to 
embolization or nerve ablation18. 
 
The place of GAE and genicular nerve RFA within 
KOA management is still uncertain. Published 
studies vary in disease severity, technical protocol, 
outcome definition, comparator, and follow-up 
duration. Their results also cannot support a reliable 
indirect comparison if the response in each sham 
group is ignored. Large improvement within an 
active-treatment cohort does not prove a specific 
procedural effect, and a short-term difference from 
sham does not establish durable improvement in 
function or a lower need for retreatment. 
 
We therefore reviewed sham-controlled RCTs of 
GAE and genicular nerve RFA in adults with 
symptomatic KOA. The review examined whether 
either procedure produced benefit beyond its sham 
comparator and summarized pain, function, global 
improvement, analgesic use, imaging findings, 
durability, and adverse events. The two 
interventions were appraised within their own trial 
settings rather than treated as if they had been 
compared directly. 
 
MATERIALS AND METHODS 
Study design and reporting 
This systematic review assessed the efficacy and 
safety of GAE and genicular nerve RFA for 
symptomatic KOA. Eligibility was restricted to 
randomized trials with a sham comparator, and 
reporting followed the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses 
(PRISMA) 2020 statement19. Meta-analysis was 
inappropriate because few trials met the criteria and 
their procedures, sham designs, outcomes, and 
follow-up intervals differed. 

 

Eligibility criteria 
Eligibility was defined in advance according to 
population, intervention, comparator, outcomes, 
and study design. Participants had to be adults aged 
18 years or older with clinically or radiographically 
diagnosed symptomatic KOA20. A mixed 
musculoskeletal pain study was eligible only when 
results for KOA could be separated. Studies of 
inflammatory arthritis, non-osteoarthritic knee 
pain, post-traumatic pain without KOA, or pain after 
total knee arthroplasty were excluded. 
 
Eligible interventions were GAE or genicular nerve 
RFA. GAE included selective or superselective 
transcatheter embolization of genicular arterial 
branches or abnormal periarticular neovessels to 
treat KOA pain. Reports using the term transcatheter 
arterial embolization were accepted when the 
indication and vascular target matched this 
definition. Genicular nerve RFA included image-
guided thermal ablation using conventional, cooled, 
or bipolar methods. 
 
The control group had to undergo a sham procedure 
that reproduced the active intervention without 
delivering the intended embolic or ablative 
treatment. Trials were excluded when they 
compared GAE or RFA only with usual care, physical 
therapy, pharmacological treatment, intra-articular 
injection, a waiting list, or another active procedure. 
 
Eligible trials reported at least one outcome 
involving pain, knee function, patient global 
assessment, quality of life, analgesic use, imaging, 
durability, retreatment, subsequent surgery, or 
adverse events. Non-randomized studies, 
observational cohorts, case reports or series, 
reviews, editorials, letters, animal or cadaveric 
research, technical reports, and conference 
abstracts without adequate clinical data were 
excluded. 
 
Literature search and study selection 
PubMed, ScienceDirect, Europe PMC, and OpenAlex 
were searched for English-language reports 
published from January 2016 through June 2026 
(Figure 1). The final search was conducted in June 
2026. The date range covered contemporary image-
guided GAE and genicular nerve RFA techniques. 
 
Controlled vocabulary and free-text terms covered 
KOA, GAE, genicular nerve RFA, randomization, and 
sham procedures. The PubMed search was '("knee 
osteoarthritis"[tiab] OR "osteoarthritis of the 
knee"[tiab] OR "knee OA"[tiab] OR gonarthrosis[tiab]) 
AND ("genicular artery embolization"[tiab] OR 
"genicular artery embolisation"[tiab] OR GAE [tiab] 
OR "genicular nerve radiofrequency"[tiab] OR 
"genicular nerve ablation"[tiab] OR "genicular 
radiofrequency ablation"[tiab] OR "cooled 
radiofrequency ablation"[tiab] OR "radiofrequency 
neurotomy"[tiab] OR "genicular denervation"[tiab])'. 
Syntax was adapted to the indexing and search 
functions of the other databases. Reference lists of 
eligible studies and relevant reviews were checked 
for additional trials.
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Search records were transferred to a reference 
manager and deduplicated. Titles and abstracts 
were screened against the eligibility criteria, 
followed by full-text review of potentially relevant 
reports. Full-text articles were excluded if they 
lacked an eligible KOA population, did not study GAE 
or genicular nerve RFA, had no sham group, were 
not randomized, provided inadequate clinical 
outcomes, or were unavailable as an English-
language full text. 
 
The PRISMA flow diagram records each stage of 
selection and the reasons for full-text exclusion 
(Figure 1). 
 
Data extraction 
A standardized form was used to extract study 
setting and design, sample size, participant 
characteristics, diagnostic criteria, radiographic 
severity, eligibility criteria, intervention and sham 
protocols, co-interventions, follow-up, outcome 
measures, safety events, and the authors' 
conclusions. Procedural fields covered the embolic 
agent or RFA modality, arterial or nerve targets, and 
imaging guidance. 
 
For embolization trials, extraction also covered the 
treated arteries, angiographic neovascularity, 
embolization endpoint, unilateral or bilateral 
treatment, technical success, and completeness of 
embolization when reported. For RFA trials, we 
recorded the type of ablation, temperature, duration, 
number and location of lesions, imaging method, use of 
prognostic blocks, and administration of local 
anesthetic or corticosteroid. 
 
Outcomes 
The primary outcome was improvement in pain with 
GAE or genicular nerve RFA relative to sham. Eligible 
measures included a visual analogue scale, numeric 
rating scale, the pain subscales of the Western 
Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC)21 or Knee injury and Osteoarthritis 
Outcome Score (KOOS)22, and trial-defined responder 
outcomes. 
 
Secondary outcomes were knee function, patient-
reported global improvement, quality of life, use of 
analgesic or rescue medication, imaging change, 
durability, retreatment, subsequent knee surgery, 
and adverse events. Function could be measured 
with WOMAC, KOOS, the Oxford Knee Score, or 
another validated knee-specific instrument. Safety 
extraction included serious adverse events and 
reported vascular, cutaneous, infectious, neurologic, 
or pain-related complications. 
 
Risk of bias assessment 
Two reviewers assessed each trial with Cochrane 
Risk of Bias 2 (RoB 2)23. The tool addresses 
randomization, deviations from the assigned 
intervention, missing outcome data, outcome 
measurement, and selective reporting. Overall 
judgments were classified as low risk, some 
concerns, or high risk in accordance with RoB 2 
guidance24. 

Because these were procedural trials with patient-
reported outcomes, the appraisal examined the 
credibility of the sham procedure and maintenance 
of blinding in detail. Allocation concealment, co-
intervention imbalance, missing data, and the 
possibility that participants knew their assignment 
were also considered. 

 
Data synthesis 
Narrative synthesis was used because the studies 
differed in intervention, technical protocol, sham 
procedure, outcome measure, response definition, 
and follow-up schedule25. GAE and RFA trials were 
summarized separately before their patterns of 
efficacy, durability, and safety were considered 
together. 
 
Interpretation prioritized the contrast between 
active and sham groups. Change from baseline was 
also recorded, but it was not taken as proof of 
efficacy because symptom fluctuation, regression to 
the mean, co-interventions, and contextual effects 
could produce improvement in either group. 
Primary endpoints received the greatest weight; 
secondary and exploratory analyses were treated as 
supportive rather than confirmatory. 
 
RESULTS 
Study selection 
Four sham-controlled RCTs, with 221 randomized 
participants, met the eligibility criteria. Two examined 
GAE or transcatheter arterial embolization against a 
sham angiographic procedure, and two compared 
genicular nerve RFA with sham RFA. None directly 
compared embolization with nerve ablation, so the 
studies were synthesized by intervention. Figure 1 
presents the screening process. 
 
 

 
 

FIGURE 1: PRISMA flow diagram.
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Characteristics of included studies 
Two investigators (MFR and FA) independently 
extracted data. The embolization studies 
randomized 117 participants. Landers et al.26 
enrolled 59 patients with symptomatic Kellgren-
Lawrence grade 2 KOA in a triple-blind, single-
centre trial of transcatheter arterial embolization 
versus sham. KOOS pain at 12 months was the 
primary outcome; secondary measures included 
other KOOS domains, quality of life, global change, 
physical performance, and adverse events. Van 
Zadelhoff et al.27 randomized 58 patients with mild-
to-moderate KOA that had not responded to 
conservative care. GAE was compared with sham 
embolization, with clinical follow-up to 12 months 
and contrast-enhanced magnetic resonance imaging 
of synovitis. 

 
The RFA studies randomized 104 participants. 
Malaithong et al.28 enrolled 64 patients who had 
obtained more than 50% pain relief after prognostic 
blocks of the superomedial, superolateral, and 
inferomedial genicular nerves. Participants received 
bipolar RFA plus local anesthetic and steroid or the 
same medication with sham RFA. The primary 
endpoint was visual analogue scale pain at 12 
months. Kwon et al.29 compared cooled RFA with 
sham in 40 participants in a double-blind trial; the 
proportion of pain responders at 3 months was the 
primary endpoint. Table 1 summarizes the included 
studies. 
 
 

 
TABLE 1: Characteristics of included sham-controlled randomized trials. 

 

Study Design Participants Intervention 
Sham 

comparator 
Primary 
outcome 

Follow-up 

Landers  
et al.26 

Triple-blind, 
single-centre, 

sham-controlled 
RCT 

59 

Transcatheter 
arterial 

embolization / 
GAE 

Sham 
angiographic 

procedure 
KOOS pain 12 months 

van Zadelhoff  
et al.27 

Randomized 
sham-controlled 

trial 
58 GAE 

Sham 
embolization 

Pain, KOOS, 
MRI 

synovitis 

4 and 12 
months 

Malaithong et 
al. 28 

Double-blind, 
placebo-controlled 

RCT 
64 

Bipolar 
genicular nerve 

RFA 

Sham RFA 
with local 

anesthetic and 
steroid 

VAS pain 12 months 

Kwon  
et al.29 

Double-blind, 
sham-controlled 

RCT 
40 

Cooled 
genicular nerve 

RFA 

Sham 
procedure 

Pain 
responder 

rate 

1, 3, and 6 
months 

 
Genicular artery embolization outcomes 
In the trial by Landers et al.,26 KOOS pain improved 
by 41.3% after embolization and by 29.4% after 
sham at 12 months. The between-group difference 
in the primary pain outcome was not statistically 
significant, and most secondary outcomes also did 
not differ. In an exploratory subgroup, complete 
embolization of all genicular arteries was associated 
with better KOOS Sports and Recreation, KOOS 
Quality of Life, and Global Change scores than sham. 
Because this analysis was exploratory, it cannot 
establish that technical completeness modifies 
treatment efficacy. 
 
Van Zadelhoff et al.27 also observed improvement in 
both groups. Mean KOOS pain increased from 44.44 
to 65.61 after GAE and from 42.34 to 58.15 after 
sham over 12 months, with no significant difference 
between groups. Magnetic resonance imaging 
showed no significant change in synovitis within or 
between groups. Thus, this trial did not identify an 
embolization-specific effect on pain or the proposed 
imaging target. 
 
Both embolization trials recorded improvement 
from baseline, but neither showed consistent 
superiority of the active procedure over sham. 

Genicular nerve radiofrequency ablation 
outcomes 
The RFA trials did not yield a uniform result. In the 
study by Malaithong et al.,28 pain decreased in both 
groups during 12 months of follow-up. Mean visual 
analogue scale scores changed from 5.7 +/- 1.9 to 3.2 
+/- 2.6 after bipolar RFA and from 5.0 +/- 1.4 to 2.6 
+/- 2.4 after sham RFA with local anesthetic and 
steroid. The difference between groups was not 
significant, and neither WOMAC nor Patient Global 
Impression of Improvement favored active RFA at 
the primary endpoint. 
 
Kwon et al.29 reported a different pattern for cooled 
RFA. At 3 months, 76.5% of participants assigned to 
cooled RFA met the pain-responder criterion, 
compared with 33.3% assigned to sham. The active 
group also had higher responder rates at 1 and 6 
months, and its pain reduction persisted through 
month 6. Functional status, medication change, and 
satisfaction, however, did not differ significantly 
between groups. 
 
Safety outcomes 
No trial reported a serious procedure-related 
complication. The embolization studies described no 
major vascular complication, and the RFA studies
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reported no serious treatment-related adverse 
event. These findings provide limited short-term 
reassurance, but four small trials with differing 

techniques cannot reliably detect uncommon or 
delayed harms. Table 2 summarizes the efficacy and 
safety of included studies. 

 
TABLE 2: Summary of efficacy and safety outcomes. 

 

Study Intervention Pain outcome 
Function and 

global outcomes 
Safety 

Overall 
interpretation 

Landers et al26 TAE / GAE 

KOOS pain improved 
in both groups; active 

treatment was not 
significantly better 

than sham at 12 
months 

Most secondary 
outcomes were 

similar; complete 
embolization 

favored selected 
outcomes in an 

exploratory analysis 

No adverse 
events 

reported 

No confirmed 
benefit beyond 

sham; the 
complete-

embolization 
result was 

exploratory 

van Zadelhoff 
et al. 27 

GAE 

Pain improved in both 
groups, with no 

significant difference 
at 12 months 

Function and MRI-
assessed synovitis 

did not differ 
between groups 

No serious 
procedure-

related 
complications 

reported 

No convincing 
efficacy beyond 

sham 

Malaithong  
et al. 28 

Bipolar 
genicular RFA 

Pain improved in both 
groups; bipolar RFA 
was not significantly 

better than sham plus 
local anesthetic and 
steroid at 12 months 

WOMAC and PGI-I 
did not differ 
significantly 

No serious 
treatment-

related adverse 
events 

reported 

No added benefit 
from bipolar RFA 
under the tested 

protocol 

Kwon et al. 29 
Cooled 

genicular RFA 

Pain-responder rates 
favored cooled RFA at 

1, 3, and 6 months 

Function, 
medication change, 
and satisfaction did 

not consistently 
differ 

No serious 
treatment-

related adverse 
events 

reported 

Clearest short-
term analgesic 

signal among the 
included trials 

 
Risk of bias assessment 
For the main pain outcome, one trial was judged at 
low risk of bias, and three raised some concerns 
under RoB 2. None was rated at high risk. Table 3 
provides domain-level judgments. 
 
The Landers trial had the strongest methodological 
profile, with triple blinding, a prespecified primary 
outcome, and little missing outcome data26. The 
trials by Van Zadelhoff, Malaithong, and Kwon raised 

concerns related to the description or handling of 
missing data, allocation concealment, or prespecified 
analyses27-29. 
 
Sham procedures reduced bias from treatment 
expectation in all four trials, an important design 
feature for participant-reported pain and function. 
Even so, small samples, procedural variation, and 
follow-up of no more than 12 months limit 
confidence in the evidence as a whole. 

 
TABLE 3: Risk of bias assessment using Cochrane RoB 2. 

 

Study 
D1: 

Randomization 
D2: 

Deviations 
D3:  

Missing data 
D4: 

Measurement 
D5: 

Reporting 
Overall 

Landers et al.26 Low Low Low Low Low Low 

van Zadelhoff  
et al. 27 

Low Low Concerns Low Low Concerns 

Malaithong  
et al.28 

Concerns Low Concerns Low Low Concerns 

Kwon et al.29 Concerns Low Concerns Low Concerns Concerns 

 

Legend: Low = low risk; Concerns = some concerns; High = high risk. 
 

Overall synthesis 
The trials do not show that GAE is superior to 
genicular nerve RFA. Such a claim would, in any 
event, be indirect because no head-to-head trial was 
found. In both embolization studies, active and sham 
groups improved without a consistent advantage for 
GAE at longer follow-up. Bipolar three-nerve RFA 

was also no better than its sham comparator at 12 
months, while cooled RFA improved short-term 
pain-responder rates through 6 months. Among the 
included procedures, cooled RFA therefore had the 
clearest sham-controlled analgesic signal, but 
evidence for durable functional benefit remains 
sparse.
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DISCUSSION 
Four sham-controlled RCTs randomized 221 
participants with symptomatic KOA26-29. Neither 
embolization trial showed a significant advantage 
over sham for its principal pain outcome at 12 
months. Results from the RFA trials diverged. 
Bipolar ablation of three genicular nerves added no 
benefit to local anesthetic and steroid with sham 
RFA at 12 months, whereas cooled RFA increased 
pain-responder rates through 6 months. Because the 
interventions were not compared in the same trial, 
these data cannot establish that one procedure is 
superior. 
 
The marked improvement in several sham groups is 
central to interpreting these studies. Pain, function, 
and global change can vary with expectation, 
regression to the mean, the natural course of 
symptoms, and interaction with clinicians. Meta-
analytic work in osteoarthritis has also found 
substantial placebo responses, particularly for pain 
and self-reported function, with larger responses 
sometimes seen after more invasive 
interventions14,16,17. The parallel improvement after 
active and sham embolization illustrates why a 
favorable change from baseline is insufficient to 
show a specific effect of the procedure. 
 
GAE has a plausible biological target. Painful KOA 
may involve synovial inflammation, neovascularity, 
and sensory nerve ingrowth, all of which could be 
affected by selective embolization. The randomized 
data, however, are less favorable than earlier 
uncontrolled reports7,9,10. In the Landers trial, the 
active and sham groups had similar KOOS pain 
results at 12 months, and most secondary outcomes 
were also comparable26. Better scores after 
complete embolization appeared only in an 
exploratory subgroup. This observation may inform 
procedural research, but limited power and post-
randomization subgrouping prevent a confirmatory 
interpretation. 
 
The trial by Van Zadelhoff provides a similar caution. 
Pain reduction at 4 months was comparable after 
GAE and sham, and assignment to GAE did not 
explain the degree of improvement. At 12 months, 
both groups retained some pain relief, yet pain, 
function, and magnetic resonance imaging measures 
of synovitis still did not differ27. The lack of an 
imaging effect leaves open whether embolization 
adequately altered the intended biological target in 
the studied population. 
 
The RFA findings appear to depend on the technique 
and comparator. Malaithong et al. found no 
incremental pain or functional benefit from bipolar 
RFA of the superomedial, superolateral, and 
inferomedial genicular nerves28. This result applies 
to the tested protocol and should not be generalized 
to every form of genicular denervation. Local 
anesthetic and steroid were given in both groups, so 
an active analgesic effect in the comparator may also 
have narrowed the difference attributable to 
ablation. 
 

Cooled RFA produced a more favorable pain result 
in the trial by Kwon et al.29 Higher responder rates 
at 1, 3, and 6 months support a short-term analgesic 
effect beyond sham in selected patients. This is 
directionally consistent with a meta-analysis of 
placebo-controlled RFA trials that reported lower 
pain scores than placebo at 4, 12, and 24 weeks13, 
and with an active-controlled trial in which cooled 
RFA outperformed intra-articular corticosteroid at 6 
months30. A larger lesion or more reliable target 
coverage could explain the difference from bipolar 
RFA, but the trials were not designed to test that 
explanation. Moreover, the cooled RFA study was 
small, follow-up ended at 6 months, and measures of 
function, medication use, and satisfaction did not 
consistently favor treatment. 
 
Any comparison between GAE and RFA must 
therefore remain descriptive. Participants, sham 
protocols, technical methods, endpoints, and follow-
up differed across trials. The evidence is more 
favorable for short-term pain relief with cooled RFA 
than for GAE, but this pattern cannot be converted 
into a ranking of treatments. A direct, adequately 
powered randomized trial would be needed to 
determine comparative efficacy. 
 
No serious procedure-related complication was 
reported, but 221 randomized participants provide 
little power to identify uncommon harms. Potential 
complications of GAE include non-target embolization, 
skin discoloration, a pain flare, vascular access 
injury, and tissue ischemia. RFA can cause neuritis, 
dysesthesia, vascular injury, burns, or persistent 
sensory symptoms. The available trials therefore 
offer preliminary safety information rather than 
evidence of long-term safety. 
 
The main strength of this review was its restriction 
to sham-controlled RCTs. This design allowed each 
procedure to be judged against a credible procedural 
control rather than only against baseline18. Applying 
the same criterion to vascular and neural 
interventions also showed how the sham response 
can alter interpretation. Trial methods were 
appraised systematically with RoB 223. 
 
Only four trials were eligible, and differences in KOA 
severity, participant selection, procedure, sham 
design, endpoint, and follow-up made meta-analysis 
inappropriate. Embolization protocols used 
different technical endpoints and imaging 
assessments. The RFA studies used different 
ablation methods and co-interventions. Most 
outcomes were patient-reported, and a sham 
procedure cannot eliminate every contextual 
influence. Data beyond 12 months are absent, so 
sustained benefit, retreatment, later arthroplasty, 
and cost-effectiveness remain unresolved. 
 
Future research should first establish standardized 
protocols for each intervention, then compare them 
directly where appropriate. Embolization trials need 
explicit angiographic targets, embolic materials, 
endpoints, and imaging measures of synovitis or 
neovascularity. 
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RFA studies should prespecify nerve targets, lesion 
parameters, imaging guidance, prognostic block 
criteria, and any local anesthetic or corticosteroid 
given to either group. Longer follow-up should 
include validated responder thresholds, function, 
analgesic use, adverse events, retreatment, and 
progression to arthroplasty. Until those data are 
available, routine GAE for KOA remains investigational. 
Genicular nerve RFA, especbenefitsooled RFA, may 
be considered selectively, with patients informed 
that durability and functional benefit are still 
uncertain. 

 
CONCLUSION 
Four sham-controlled RCTs involving 221 
participants do not establish that GAE is superior to 
genicular nerve RFA for symptomatic KOA. In both 
embolization trials, pain improved after the active 
and sham procedures, without a consistent 
advantage for embolization at 12 months. RFA 
results varied by technique: bipolar three-nerve RFA 
did not add benefit to sham RFA with local 
anesthetic and steroid, while cooled RFA increased 
pain-responder rates during 6 months of follow-up. 
 
The sizable improvements seen in some sham 
groups caution against attributing every change 
from baseline to the procedure. Cooled RFA 
currently has the clearest evidence of a short-term 
analgesic effect, but durable functional 
improvement, reduced analgesic use, and long-term 
safety have not been established. The current 
evidence cannot support a direct ranking of 
treatments. 
 
No serious procedure-related complication was 
reported, although the sample and follow-up were 
too limited to exclude uncommon or delayed harm. 
Larger multicentre trials should use standardized 
procedures, clinically meaningful responder definitions, 
and longer follow-up. Direct comparisons should 
assess pain, function, imaging biomarkers, medication 
use, retreatment, cost-effectiveness, adverse events, 
and progression to total knee arthroplasty. 
 
DECLARATIONS 
Ethics approval and consent to participate: Not 
applicable. This review used data from published 
studies and did not recruit participants. 
 
Funding: This research received no grant from a 
public, commercial, or non-profit funding agency. 
 
Conflict of interest: The authors declare that they 
have no conflicts of interest. 
 
Data availability: All data analyzed in this review 
were obtained from the published studies. 
 
Author contributions: Conceptualization, MFR; 
methodology, MFR and AAR; data extraction, MFR; 
risk of bias assessment, MFR and FA; writing, 
original draft, MFR and AAR; writing, review and 
editing, MFR, FA, and AAR; supervision, FA. 
 
 

REFERENCES 
[1] Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. 

Lancet. 2019;393(10182):1745-1759.  
doi:10.1016/S0140-6736(19)30417-9. 
 

[2] Ren JL, Yang J, Hu W. The global burden of 
osteoarthritis knee: a secondary data analysis 
of a population-based study. Clin Rheumatol. 
2025;44:1769-1810. doi:10.1007/s10067-025-
07347-6. 
 

[3] GBD 2021 Osteoarthritis Collaborators. 
Global, regional, and national burden of 
osteoarthritis, 1990-2020 and projections to 
2050: a systematic analysis for the Global 
Burden of Disease Study 2021. Lancet 
Rheumatol. 2023;5(9):e508-e522.  
doi:10.1016/S2665-9913(23)00163-7. 

 

[4] Carr AJ, Robertsson O, Graves S, Price AJ, 
Arden NK, Judge A, et al. Knee replacement. 
Lancet. 2012;379(9823):1331-1340.  
doi:10.1016/S0140-6736(11)60752-6. 
 

[5] Bannuru RR, Osani MC, Vaysbrot EE, Arden 
NK, Bennell K, Bierma-Zeinstra SMA, et al. 
OARSI guidelines for the non-surgical 
management of knee, hip, and polyarticular 
osteoarthritis. Osteoarthritis Cartilage. 2019; 
27(11):1578-1589. 
doi:10.1016/j.joca.2019.06.011. 
 

[6] Kolasinski SL, Neogi T, Hochberg MC, Oatis C, 
Guyatt G, Block J, et al. 2019 American College 
of Rheumatology/Arthritis Foundation guideline 
for the management of osteoarthritis of the 
hand, hip, and knee. Arthritis Care Res 
(Hoboken). 2020;72(2):149-162.  
doi:10.1002/acr.24131. 

 

[7] Okuno Y, Korchi AM, Shinjo T, Kato S. 
Transcatheter arterial embolization as a 
treatment for medial knee pain in patients 
with mild to moderate osteoarthritis. Cardiovasc 
Intervent Radiol. 2015;38(2):336-343.  
doi:10.1007/s00270-014-0944-8. 
 

[8] Taslakian B, Miller LE, Mabud TS, et al. 
Genicular artery embolization for treatment 
of knee osteoarthritis pain: systematic review 
and meta-analysis. Osteoarthr Cartil Open. 
2023;5:100342. 
doi:10.1016/j.ocarto.2023.100342. 

 

[9] Bagla S, Piechowiak R, Hartman T, Orlando J, 
Del Gaizo D, Isaacson A. Genicular artery 
embolization for the treatment of knee pain 
secondary to osteoarthritis. J Vasc Interv 
Radiol. 2020;31(7):1096-1102.  
doi:10.1016/j.jvir.2019.09.018. 

 

[10] Little MW, Gibson M, Briggs J, et al. Genicular 
artEry embolizatioN in patiEnts with 
oSteoarthrItiS of the Knee (GENESIS) using 
permanent microspheres: interim analysis. 
Cardiovasc Intervent Radiol. 2021;44:931-
940.

http://www.ijscia.com/


1007 Available Online at www.ijscia.com | Volume 7 | Issue 6 | Nov – Dec 2026  
 

International Journal of Scientific Advances                                                                                        ISSN: 2708-7972 
  

 

[11] National Institute for Health and Care 
Excellence. Genicular artery embolisation for 
pain from knee osteoarthritis. Interventional 
procedures guidance IPG708. London: NICE; 
2021. 
 

[12] Choi WJ, Hwang SJ, Song JG, Leem JG, Kang YU, 
Park PH, et al. Radiofrequency treatment 
relieves chronic knee osteoarthritis pain: a 
double-blind randomized controlled trial. 
Pain. 2011;152(3):481-487.  
doi:10.1016/j.pain.2010.09.029. 

 

[13] Zhang H, Wang B, He J, Du Z. Efficacy and 
safety of radiofrequency ablation for 
treatment of knee osteoarthritis: a meta-
analysis of randomized controlled trials. J Int 
Med Res. 2021;49(4):3000605211006647. 
doi:10.1177/03000605211006647. 
 

[14] Zou K, Wong J, Abdullah N, Chen X, Smith T, 
Doherty M, et al. Examination of overall 
treatment effect and the proportion attributable 
to contextual effect in osteoarthritis: meta-
analysis of randomised controlled trials. Ann 
Rheum Dis. 2016;75(11):1964-1970.  
doi:10.1136/annrheumdis-2015-208387. 
 

[15] Hróbjartsson A, Gøtzsche PC. Placebo 
interventions for all clinical conditions. Cochrane 
Database Syst Rev. 2010;(1): CD003974. 
doi:10.1002/14651858.CD003974.pub3. 
 

[16] Zhang W, Robertson J, Jones AC, Dieppe PA, 
Doherty M. The placebo effect and its 
determinants in osteoarthritis: meta-analysis 
of randomised controlled trials. Ann Rheum 
Dis. 2008;67(12):1716-1723.  
doi:10.1136/ard.2008.092015. 

 

[17] Doherty M, Dieppe P. The placebo response in 
osteoarthritis and its implications for clinical 
practice. Osteoarthritis Cartilage. 2009;17 (10): 
1255-1262. doi:10.1016/j.joca.2009.03.023. 
 

[18] Wartolowska K, Judge A, Hopewell S, Collins 
GS, Dean BJF, Rombach I, et al. Use of placebo 
controls in the evaluation of surgery: 
systematic review. BMJ. 2014;348:g3253. 
doi:10.1136/bmj.g3253. 

 

[19] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, 
Hoffmann TC, Mulrow CD, et al. The PRISMA 
2020 statement: an updated guideline for 
reporting systematic reviews. BMJ. 2021;372 
:n71. doi:10.1136/bmj.n71. 

 

[20] Kellgren JH, Lawrence JS. Radiological 
assessment of osteo-arthrosis. Ann Rheum 
Dis. 1957;16(4):494-502.  
doi:10.1136/ard.16.4.494. 
 

[21] Bellamy N, Buchanan WW, Goldsmith CH, 
Campbell J, Stitt LW. Validation study of 
WOMAC: a health status instrument for 
measuring clinically important patient relevant 
outcomes to antirheumatic drug therapy in 
patients with osteoarthritis of the hip or knee. 
J Rheumatol. 1988;15(12):1833-1840. 

[22] Roos EM, Lohmander LS. The Knee injury and 
Osteoarthritis Outcome Score (KOOS): from 
joint injury to osteoarthritis. Health Qual Life 
Outcomes. 2003;1:64. doi:10.1186/1477-7525-
1-64. 

 

[23] Sterne JAC, Savović J, Page MJ, Elbers RG, 
Blencowe NS, Boutron I, et al. RoB 2: a revised 
tool for assessing risk of bias in randomised 
trials. BMJ. 2019;366:l4898.  
doi:10.1136/bmj.l4898. 

 

[24] Higgins JPT, Thomas J, Chandler J, Cumpston 
M, Li T, Page MJ, et al., editors. Cochrane 
Handbook for Systematic Reviews of 
Interventions. Version 6.4 (updated August 
2023). Cochrane; 2023. 
 

[25] Campbell M, McKenzie JE, Sowden A, 
Katikireddi SV, Brennan SE, Ellis S, et al. 
Synthesis without meta-analysis (SWiM) in 
systematic reviews: reporting guideline. BMJ. 
2020;368:l6890. doi:10.1136/bmj.l6890. 

 

[26] Landers S, Hely R, Hely A, Harrison B, Hunter 
DJ, Little CB, et al. Genicular artery embolization 
for early-stage knee osteoarthritis: results 
from a triple-blind, single-centre, randomized 
controlled trial. Bone Jt Open. 2023;4(3):158-
167. doi:10.1302/2633-1462.43.BJO-2022-
0161.R2. 

 

[27] van Zadelhoff TA, van der Heijden RA, Bierma-
Zeinstra SMA, Bos PK, Oei EHG. Long-term 
outcomes of genicular artery embolization for 
knee osteoarthritis: 12-month efficacy and 
secondary outcomes from a randomized 
sham-controlled clinical trial. Eur Radiol. 
2026. Epub ahead of print.  
doi:10.1007/s00330-026-12505-8. 
 

[28] Malaithong W, Tontisirin N, Seangrung R, 
Wongsak S, Cohen SP. Bipolar radiofrequency 
ablation of the superomedial, superolateral 
and inferomedial genicular nerves for chronic 
osteoarthritis knee pain: a randomized 
double-blind placebo-controlled trial with 12-
month follow-up. Reg Anesth Pain Med. 
2023;48(4):151-160.  
doi:10.1136/rapm-2022-103976. 
 

[29] Kwon HJ, Kim CS, Kim DH, Shin JW, Choi D, 
Choi SS. Effectiveness of the cooled 
radiofrequency ablation of genicular nerves in 
patients with chronic knee pain due to 
osteoarthritis: a double-blind, randomized, 
controlled study. Medicina (Kaunas). 2024; 
60(6):857. doi:10.3390/medicina60060857. 
 

[30] Davis T, Loudermilk E, DePalma M, Hunter C, 
Lindley D, Patel N, et al. Prospective, 
multicenter, randomized, crossover clinical 
trial comparing the safety and effectiveness of 
cooled radiofrequency ablation with 
corticosteroid injection in the management of 
knee pain from osteoarthritis. Reg Anesth 
Pain Med. 2018;43(1):84-91.  
doi:10.1097/AAP.0000000000000690. 

http://www.ijscia.com/

