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Introduction
 Pigmented Villonodular Synovitis (PVNS) is a benign prolifera-
tive disease of the synovium. PVNS is predominantly monoarticular 
and frequently targets the knee joint. Even though this is a benign 
condition, it can be very aggressive with a high rate of local recur-
rence (8%-56%) [1,2]. PVNS has an incidence of about 1.8 per mil-
lion [3].Those primarily affected are in their third to fourth generation 
of life with both genders affected approximately equally [4]. PVNS 
can result in severe joint degeneration with damage to surrounding 
bone and cartilage. If left untreated, PVNS can lead to severe chron-
ic pain in the affected joint along with functional disability for the 
patient. There are currently two different forms of the disease; the 
localized form and diffuse form [5].

 Surgery, either open or arthroscopic, for resection of synovial tis-
sue has been primarily the treatment of choice [6-8]. In addition to 
surgery with possible synovectomies, radiation therapy has been used 
to prevent local recurrences of masses [9]. RFA has had a limited role 
in the treatment of PVNS thus far and the only documented use is for 
tumor ablation for areas of the knee not amenable to surgery. Current-
ly, there is no data on radiofrequency therapy of the genicular nerves 
as a viable treatment option for chronic knee pain in patients with 
PVNS history and this case study aims to quantify the effectiveness 
of this approach.

Patient History
 In 2005 the patient underwent a right knee arthroscopy with ex-
cision of knee mass, chondroplasty of patella of the lateral facet, and 
synovectomy major with medial plica excision. Pathology revealed 
giant cell tumor of tendon sheath, diffuse type PVNS of the medial 
patellar retinaculum. Between 2005-2009, patient had an unknown 
amount of steroid injections on the right knee for pain control. 

 In 2009 an MRI of her right knee showed no evidence of local 
recurrence of the patient’s giant cell tumor, diffuse PVNS. A right 
knee arthroscopy was performed with extensive debridement of the 
anterior fat pad, as well as chondroplasty for loose cartilage. The 
pathology reports showed cartilage with degenerative changes and 
synovium with mild chronic inflammation. The patient had contin-
ued difficulties with that knee, but also developed left knee pain with 
subsequent MRI of the left knee showing no evidence of a meniscal, 
cruciate ligament or collateral ligament tear. A left knee arthroscopy 
was performed on 2010 with debridement of loose bodies as well as  
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Abstract
Background: Patients suffering from Pigmented Villonodular Syno-
vitis (PVNS) that have failed treatment with total knee replacement 
surgery do not have many targeted options in treating their chronic 
knee pain. We have been using Radio Frequency Ablation (RFA) to 
treat patients with chronic knee pain from knee osteoarthritis, but 
there have been no cases in the literature describing the use of ge-
nicular nerve RFA in the treatment of patients with PVNS who have 
knee pain and have failed knee surgery.

Hypothesis: RFA may be an effective way to reduce knee pain and 
improve function in patients that suffer from PVNS that have failed 
total knee reconstruction.

Study design: Retrospective case report on a single patient with 
PVNS who continued to have ongoing bilateral knee pain despite 
undergoing bilateral total knee replacements.

Methods: This was a case report of a single patient who had PVNS 
and failed bilateral knee replacements who underwent RFA with 
documented improvement in her percentage improvement in Pain 
scores and Oswestry Disability Index scores both pre and post Ra-
diofrequency ablation.

Results: Patient’s Oswestry Disability Index score pre-ablation was 
39% (considered moderate-severe disability) and at 6 month follow 
up her post-ablation score decreased to 24% (considered mild-mod-
erate disability). The patient demonstrated a reduction in her pain 
score of 75% relief for 4 months on her left knee and a reduction of 
62.5% relief of her pain on the right knee.

Conclusion: RFA may be a valuable tool to improve pain and dis-
ability in patients suffering from PVNS who have failed total knee 
replacement.
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a chondroplasty to the medial femoral condyle defect and excision 
of medial plica. Despite the treatment, the patient continued to have 
bilateral knee pain afterwards with nonsurgical measures attempted 
for about 2 years. She underwent bilateral total knee arthroplasty in 
2012. The patient reported continued knee pain following the bilater-
al arthroplasty. CT was performed to evaluate rotational analysis of 
bilateral knee implants which was read as normal. Indolent infection 
and other possible causes of pain including spine etiology were ruled 
out. Ultimately a left total knee arthroscopy with revision of femoral 
and tibial component was performed. The surgery did not provide her 
long term pain relief and symptoms in both knees returned. It was 
decided not to pursue further surgical options. She was then referred 
to our pain clinic for interventional treatment options. 

 After evaluation it was decided to proceed with a genicular nerve 
block of the left knee. The diagnostic block of the genicular nerves 
provided greater than 80% relief of the patient’s knee pain. Based on 
her positive response it was decided to pursue radiofrequency abla-
tion of the left knee, which was done on the subsequent visit. 

 Similarly, on a later date, a diagnostic right genicular nerve block 
was performed with greater than 80% relief of her pain. This was then 
followed by radiofrequency ablation of the right knee.

 On her follow-up visits, documented pain scores (rated from 0-10; 
0 being an indication for no pain and 10 reflecting the worst pain 
a patient could imagine) and an Oswestry Disability Index (ODI) 
questionnaire (a self-reported questionnaire that evaluates how the 
patient’s pain limits activities of daily living such as walking, sitting, 
personal care, etc.) were performed for this patient following her ra-
dio frequency ablation procedures. Patient’s ODI score pre-ablation 
was 39% (considered moderate-severe disability). At the 6 month fol-
low up, her post-ablation ODI score decreased to 24% (considered 
mild-moderate disability).

 Patient reported improvement in her pain scores of 75% relief for 
4 months at her 6 month follow up for her left knee post ablation. Her 
two month follow up for the right knee post ablation coincided with 
her 6 months follow up for her left knee post ablation. At that time she 
also reported 62.5% improvement of her right knee pain symptoms. 
Please refer to table 1 for a detailed timeline of patient history.

Methods
Anatomy of the knee, innervation of genicular nerve

 Hilton’s law states that nerves that supply a joint are the same 
nerves that supply adjacent and extending muscles acting on that giv-
en joint [10-12]. Thus, sensory nerves of the quadriceps and hamstring 
muscles largely innervate the knee joint. The knee joint is primarily 
innervated by articular branches of the tibial, obturator, saphenous, 
femoral, and common peroneal nerves [13]. The anterior portion of 
the knee is primarily divided into four quadrants to better understand 
its sensory innervations. These four quadrants are the superolateral, 
superomedial, inferolateral, and inferomedial.

 The tibial nerve is responsible for articular branches that inner-
vate the superomedial and inferomedial genicular nerves [14]. The 
superomedial quadrant is furthermore innervated by nerve branches 
of the femoral and obturator nerves [15]. The inferomedial sensation 
of the knee joint is also innervated by the infrapatellar branch of the 
saphenous nerve [16]. The inferolateral sensation of the knee joint is 
innervated by the peroneal division of the sciatic nerve.

Date Type Findings

11/3/2005 MRI Right knee: small knee joint effusion, no evidence for me-
niscal tear or abnormality of the cruciates

12/21/2005 Procedure

Right knee: arthroscopy with excision of knee mass, 
chondroplasty of patella of the lateral facet, synovectomy 
major with medial plica excision Pathology: diffuse type 
PVNS

8/5/2006 MRI

Right knee: the focal abnormality that was seen on medial 
aspect of the right knee on previous MRI has been sur-
gically resected and is no longer visualized. Bones unre-
markable. Small knee effusion/mild abnormal signal in the 
distribution of the synovium, mild abnormal enhancement 
along the lateral aspect of the right knee joint. 

11/16/2006 MRI
Left knee: trace suprapatellar bursa effusion, focal abnor-
mal signal in the superior aspect of the patella, focal con-
tusion vs focal edema.

2005-2009 Procedure Unknown amount of R knee cortisone injections

5/12/2009 MRI

Right knee: no evidence of local recurrence of the patient's 
giant cell tumor of the medial patellar retinaculum, mild 
focal thickening of the medial patellar retinaculum is pre-
sumably postsurgical in etiology

6/16/2009 Office visit

Office visit with Orthopedic Oncology for evaluation for 
PVNS recurrence; given last MRI, did not think knee pain 
due to PVNS recurrence, recommended trial of anti-in-
flammatories, PT and arthroscopy with synovial biopsies, 
possible synovectomy based on findings

10/28/2009 Procedure

Right knee: arthroscopy with extensive debridement of 
the anterior fat pad, as well as chondroplasty for loose 
cartilage on the medial femoral condyle that was not full 
thickness Pathology: cartilage with degenerative changes, 
synovium with mild chronic inflammation

1/26/2010 MRI Left knee: no evidence of a meniscal, cruciate ligament or 
collateral ligament tear, knee joint effusion

3/9/2010 Procedure

Left knee: arthroscopy with debridement of loose bodies 
as well as a chondroplasty to the medial femoral condyle 
defect with microfracture as well as excision of medial 
plica Pathology: no report

7/9/2012 Procedure Bilateral total knee arthroplasty Pathology: No report

7/14/2016 Office visit

Office visit with Orthopedic Oncology for evaluation of 
recurrent b/l knee pain. Recommended a CT scan to eval-
uate rotational analysis of b/l knee implants, check align-
ment, and obtain ESR/CRP to rule out indolent infection 
(both levels wnl)

8/9/2016 Office visit

Office visit with ortho joints for evaluation of recurrent 
b/l knee pain. Recommended MRI of lumbar spine giv-
en recent onset of left leg numbness and rule out lumbar 
spine pathology

8/19/2016 MRI
Findings: minimal degenerative changes without evidence 
for significant spinal canal or neural foraminal narrowing 
at any level

10/26/2016 Procedure Left knee: revision total knee arthroplasty, femoral and 
tibial components Pathology: no histologic sections taken

10/9/2017 Office visit Office visit with Pain Management Recommendation for 
genicular nerve block 

11/17/2017 Office visit Office visit with Pain Management. Not approved for ge-
nicular nerve block, recommended acupuncture

4/16/2018 Office visit
Office visit with Pain Management. Patient has tried acu-
puncture with no relief. Planning on left knee genicular 
nerve block

5/15/2018 Procedure Left knee genicular nerve block. 80% resolution of pain

7/13/18 Procedure Left knee genicular nerve RFA

9/10/2018 Office visit Office visit with Office visit with Pain Management

10/9/2018 Procedure Right knee genicular nerve block with 80% resolution of 
pain

11/9/2018 Procedure Right knee genicular nerve RFA

1/14/2019 Office visit Office visit Office visit with Pain Management

Table 1: Patient time course.
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 The superolateral sensation of the knee joint is innervated by the 
common peroneal division of the sciatic nerve that originates about 
8-10 cm superior to the knee joint [14]. The targeted nerves for lesion 
in genicular radiofrequency ablation are those that supply only sen-
sory innervation to the superomedial, superolateral and inferomedial 
quadrants. The inferior lateral genicular branch should not be lesioned 
due to the concern for motor nerve lesioning of the common fibular 
nerve innervation and the possibility of foot drop. 

Procedures
Diagnostic nerve blocks

 Prior to the ablative procedure, patients who are candidates for 
interventional pain procedures using radiofrequency ablation undergo 
diagnostic nerve blocks. These blocks, as explained to patients, are 
for diagnostic purposes. The superolateral, superomedial and infero-
medial genicular nerves are targeted using fluoroscopic guidance. The 
three targets for the block (which will mimic the same target areas 
for the ablation) are the junction of the shaft of the femur and bilater-
al epicondyles for the superior genicular nerves and the shaft of the 
medial tibia and epicondyle for inferomedial block. The needles are 
advanced to the 50th percentile of the femoral or tibia shaft where the 
genicular nerves run. The block consists of 1 ml of equal parts 1% 
lidocaine and 0.25% bupivacaine at each of the above listed sites. If 
the patient obtains substantial relief immediately following the block 
with greater than 80% relief of pain, than the patient is considered a 
good candidate for radiofrequency ablation. 

Cooled radiofrequency ablation 

 After successful diagnostic nerve block, the patient was a candi-
date for radiofrequency ablation. Cooled RFA is used in this proce-
dure given that it produces a larger lesion size than traditional RFA. 
Traditional RFA produces its therapeutic effect by generating an 
electric field through the inserted electrode and a grounding pad. The 
electric field causes a vibration of ions resulting in ion movement and 
thereby the generation of heat due to friction, which in turn can then 
lesion the nerve. In cooled RFA the lesioning is done in a comparable 
way, but to increase the ablation zone the electrode is cooled by per-
fusing an internal water source through the electrode. Without elec-
trode cooling, the tissue region of the highest temperature is located 
next to the electrode, since that is the location of the highest electrical 
current density. However, by actively cooling the electrode the tissue 
in close proximity of the electrode is also cooled, thereby resulting in 
location of highest tissue temperature being moved further into the 
tissue producing a larger ablation zone [17]. The lesion created by 
traditional RFA produced an elliptical pattern, versus cooled RFA that 
produced a more spherical lesion pattern. Comparing the lesion sizes 
in volumes of traditional to cooled RFA, it was found that cooled RFA 
produced lesions that were 2.8-3.4 times larger lesion volumes than 
the traditional 18g or 20g RFA needle with 10mm active tips respec-
tively [18].

 Patient was given antibiotics 30 minutes prior to the procedure 
due to proximity of needle placement to a joint with instrumentation. 
Patient was placed in the supine position with the knee slightly bent 
with a rolled towel under the knee. The knee was also placed in slight 
internal rotation and leg was taped and stabilized. After sterile prep, 
drape and localization of the area using fluoroscopy, local infiltration 
was performed and three 50 mm Cooled RFA needles were advanced  

along the superior lateral geniculate nerve where the lateral femo-
ral shaft meets the epicondyle, the superior medial geniculate nerve 
where the medial femoral shaft meets the epicondyle, and the inferior 
medial geniculate nerve where the medial tibial shaft meets the epi-
condyle at the depth of ~ 50% of the femur and tibia. AP and lateral 
imaging showed appropriate placement at each level along half the 
distance of the shaft of the femur and tibia. Local anesthetic given 
with 1% lidocaine and cooled RFA performed at each level for ap-
proximately 150 seconds at a 60°C.

Results
 The Oswestry Disability Index questionnaire was completed by 
the patient pre-ablation and post ablation. The questionnaire measures 
functional disability with topics pertaining to pain in relation to pain 
intensity, personal care, ability to lift heavy objects, quantity of walk-
ing, ability to stand, sleep, one’s social life, and ability to travel. Each 
section is scored from 0-5 and tallied up for a final score. A score of 0 
indicates no pain, and a score of 5 indicates severe disabling pain [7]. 
A sample ODI questionnaire is presented in figure 1 [19]. The total 
score is multiplied by 100 for a percentage. A final percentage 0-20% 
is deemed minimal disability, 21-40% moderate disability, 41-60% 
severe disability, 61-80% crippling pain in all aspects of life, and 81-
100% is pain that requires bed bound patient or severe exaggeration 
[19]. The patient’s Oswestry Disability Index score pre-ablation was 
39%. Her score decreased post-ablation score to 24%. 

 The patient’s knee pain was documented both pre and post-abla-
tion on a scale of 0-10. Pre-ablation for the left knee, the patient had  

Figure 1: Sample ODI questionnaires.
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a score of 7 out of 10 documented. Post left genicular nerve ablation; 
patient reported 70% decrease in pain during her 3 month follow up. 
On her 6 month follow up, she reported 75% relief that lasted for 4 
months before the pain started to worsen to a level of 6 out of 10 at 
the 6 month follow-up. Patient’s pre-ablation score on the right knee 
was 8 out of 10. On 2 month follow up for the right genicular nerve 
ablation, patient reported pain of 3 out of 10 or a 62.5% decrease in 
her pain symptoms. 

Discussion/Conclusion
 Radio Frequency Ablation (RFA) has been frequently used in a 
number of clinical scenarios since the 1980’s. RFA works by heating 
via an electric current using an electrode to lesion the targeted area. 
RFA began as a viable treatment option for certain cardiac arrhythmia 
in the 1980’s and expanded to treatments for cancers and interven-
tional pain procedures [17].

 Lalam et al., demonstrated the use of RFA as a possible treat-
ment modality in patients with PVNS by lesioning tumors in areas 
not amenable to surgery [18]. Other studies have shown efficacy of 
RFA in providing pain reduction in chronic knee pain secondary to 
knee osteoarthritis. Choi W et al., performed a randomized trial that 
measured pain reduction at 1,4 and 12 week follow-ups using radiof-
requency treatment for osteoarthritis of the knee. The results showed 
a reduction of knee pain by at least 50% during each follow up [20]. 
None of the studies above looked at disability scores as measures for 
functional improvement.

 Possible complications of RFA have been skin burns, especially 
during use of tumor ablations when the power needs to be in the high-
er range and for a longer duration of time. Of note, there have not 
been many documented complications using the RFA technique for 
pain management of the genicular nerves. 

 To our knowledge, no report has been published on the effective-
ness of genicular nerve RFA for chronic knee pain in patients with 
PVNS using the Pain and Oswestry Disability Index scores to demon-
strate improvement in pain and function. In this case report, we re-
viewed the pain and functional disability improvement of a patient 
with chronic bilateral knee pain secondary to PVNS diffuse type sta-
tus post bilateral total knee arthroplasty who underwent bilateral knee 
radiofrequency ablation.

 After receiving cooled RFA ablation on her left and right knees, 
her Oswestry disability score had a 15% reduction over a period of 6 
months for her left knee and 2 months for her right knee. Her initial 
score pre-ablation (39%) put her borderline between moderate to se-
vere disability category. Post-ablation, her score (24%) had dropped 
significantly putting her in the mild to moderate disability category. 
This reflects a vast improvement in her functional ability on a daily 
basis and her overall quality of life over an extended period of time of 
up to 6 months. Thus, these improvements as it pertains to function-
al disability demonstrated a significant improvement for a prolonged 
period of time.

 Her pain score pre-ablation was 7 out of 10. On sixth month fol-
low-up after the left knee RFA; she reported a 75% decrease in pain 
that lasted 4 months with gradual return of pain to a level of 6 out of 
10 by 6 months. Patient’s pre-ablation score on the right knee was 
8 out of 10 and on 2 month follow up post RFA, patient reported a 
62.5% decrease in her right knee pain. Her vast improvement in pain  

shows promise that RFA can possibly be an option for those patients 
suffering from chronic knee pain secondary to PVNS. Furthermore, 
the longevity of her pain reduction is another consideration to be in-
vestigated in the future. Her pain relief lasting about 6 months on the 
left knee is quite remarkable as she had reported severe chronic pain 
not adequately controlled by any other treatment therapies in the past. 

 Some limitations to this case report include that it is a retrospec-
tive study with memory bias, selection bias, and limited reproducibil-
ity as only one patient was evaluated. However, it is worth noting that 
the patient did obtain excellent results in both knees that were treated 
with genicular nerve RFA at different times.

 Future studies should investigate using genicular nerve RFA earli-
er in the disease progression of PVNS to possibly avoid more invasive 
procedures for pain control. Furthermore, future studies should utilize 
genicular nerve RFA for destructive joint diseases not amenable to 
other treatment options for possible symptom relief. Outcomes from 
future studies should also include evaluation of improvement in dis-
ability along with pain scores. As this is a retrospective study with 
limitations stated above, a prospective study with a larger sample 
size looking at RFA as a treatment modality for this condition would 
be very beneficial. Finally, this case report furthers the literature on 
potential treatment of chronic knee pain from a variety of different 
disease processes using genicular nerve RFA.
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