
Background: Chronic knee osteoarthritis is a common problem with increasing of the aging 
population. Pulsed radiofrequency and intraarticular platelet rich plasma injection are well 
evidenced beneficial modalities for pain alleviation in such groups of patients. 

Objective: The primary goal in this study was to compare the 2 modalities regarding pain 
alleviation evaluated by visual analog scale. The secondary goal focused upon the change of the 
Index of Severity for Osteoarthritis of the Knee by Lequesne. 

Study Design: Single-blind randomized interventional clinical trial. 

Setting: University hospitals. 

Methods: Two hundred patients with chronic knee osteoarthritis were equally and randomly 
distributed into 2 groups. Group PRF received pulsed radiofrequency, whereas the group PRP 
received intraarticular platelet-rich plasma. The visual analog scale and index of severity of 
osteoarthritis were evaluated before intervention, after one week (for visual analog scale only), 
then after 3, 6, and 12 months. 

Results: Visual analog scale was significantly lower in the PRF group compared to the PRP group at 
6 and 12 months with P-values of 0.01 and 0.04, respectively. Regarding to the postinterventional 
index of severity of osteoarthritis, it was significantly lower in the PRF group than the PRP group 
with P-values of 0.001 at 3, 6, and 12 months follow-up. 

Limitations: Physical and analgesic therapy were not included in data collection, and there was 
no control group. 

Conclusion: Pulsed radiofrequency of the genicular nerves can be considered superior to knee 
intraarticular platelet-rich plasma injection for sustained pain relief and the lower severity index in 
patients with chronic knee osteoarthritis. 
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CChronic osteoarthritis (OA) is not uncommon in 
people over the age of 45. OA affects physical 
activity mainly through pain which leads to fatigue 

and limitation of joint function. Economic burdens include 
increased health care utilization and impaired quality of 

life (1,2). Nowadays, with the increased life expectancy 
and body mass index, the impact of OA is expected to rise 
(3,4). The most common joint affected by OA is the knee, 
with a higher incidence in women especially those over 
the age of 55 (5-7). 
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Non-surgical treatment modalities of knee os-
teoarthritis (KOA) commonly include physical therapy 
and rehabilitation, nonsteroidal anti-inflammatory 
medications (NSAIDs), and intraarticular steroid or 
visco-supplement injections. Although conservative 
management is commonly effective, such modalities 
may not be effective in a small percentage of KOA 
patients, and some of them develop serious adverse 
effects (8). Intraarticular steroid injection is not devoid 
from complications, e.g. deterioration of the articular 
cartilage, crystal-induced synovitis, fat necrosis, tissue 
atrophy, hematoma, vascular necrosis, and sepsis (9). 
Intraarticular hyaluronic acid also has some conflicting 
results (10).

One of the attractive modalities is pulsed radiofre-
quency (PRF), which induces ablation of the genicular 
nerves and is very beneficial in some scenarios unre-
sponsive to medical therapies and not amenable for 
total knee replacement therapy. Radiofrequency can op-
timally and safely alleviate pain and decrease the joint 
stiffness (11). Intraarticular platelet-rich plasma (PRP) is 
another promising option for chronic KOA and can al-
leviate pain over a few months after injection (12).

To our knowledge, this is the first study to com-
pare the effectiveness of such 2 modalities: PRF of the 

genicular nerves versus intraarticular PRP injection in 
chronic KOA upon pain and joint disability with one-
year follow-up.

Primary Outcome: The pain relief of the involved 
joint as evaluated by the visual analog scale (VAS).

Secondary Outcome: The improvement of Index of 
Severity for Osteoarthritis of the Knee (ISK) (13) and the 
incidence of complications related to each intervention 
within the follow-up period. 

Methods

Two-hundred patients with chronic KOA were re-
cruited in this randomized single-blind interventional 
clinical trial. Patients were presented at the outpa-
tient clinic of the rheumatology and rehabilitation 
department and chronic pain clinics of the anesthesia 
department.

The study has been approved by the local institu-
tional ethics review board of the Faculty of Medicine 
and registered in clinical trials with the identification 
number of NCT03886142. Written informed consent was 
obtained from every participant. The work has followed 
the Good Clinical Practice and carried out in accordance 
with the Declaration of Helsinki (14) and the CONSORT 
Statement for Reporting Trials as shown in Fig. 1.

The inclusion criteria included 
chronic KOA with pain of at least 
3 months duration refractory to 
conservative management, e.g., 
physiotherapy and analgesics. 
Radiological inclusion criteria in-
cluded advanced osteoarthritis of 
the knee (Grade III – IV) according 
to the Kellgren-Lawrence Grading 
Scale (15). Exclusion criteria includ-
ed acute knee pain (< 3 months), 
connective tissue diseases affect-
ing the knee, serious neurological 
or psychiatric disorders, history of 
intraarticular injections therapy 
within the past 3 months, sciatic 
pain, knee surgery, and current use 
of an anticoagulant.

The recruited patients were 
randomly and equally assigned 
to 2 groups: Group PRF received 
ultrasound guided genicular nerve 
radiofrequency ablation and group 
PRP received ultrasound guided 
intraarticular platelet rich plasma Fig 1. CONSORT flow chart of  the patients.
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injection. Group distribution was accomplished using a 
computer-generated randomization schedule. On the 
day of the procedure, the physician reviewed the elec-
tronic medical records and confirmed which procedure 
was to be used for the patient. 

Physicians who performed the follow-up assess-
ment were kept blind to the groups. All procedures 
were performed in the operating room. 

Ultrasound-Guided Genicular Nerve 
Radiofrequency Ablation (Group PRF)

The patient was positioned supine on the op-
erating table with a pillow under the popliteal fossa 
to reduce discomfort. Initially, sterile preparation of 
the operative field and sterile cover wrapping of the 
MyLab 7 (Esaote, Europe B.V. Maastricht, Netherlands) 
10-19 MHz high frequency linear transducer was done. 
A dedicated pre-programmed protocol for optimiza-
tion of the parameters (depth, focal zone, frequency, 
and color Doppler settings for low-flow vessels) was 
used. The transducer was first placed on the junctions 
between the epicondyle and shaft of the femur and 
tibia. The transducer was then moved up or down to 
identify the genicular arteries which were usually seen 
near the periosteal areas as confirmed by color Doppler 
ultrasound (16).

Given that the superior lateral (SL), superior medial 
(SM), and inferior medial (IM) genicular arteries travel 
along each genicular nerve, the location of the needle 
tip was within the vicinity of each genicular artery. Af-
ter identifying the genicular arteries, the skin and sub-
cutaneous tissue were anesthetized with 1 mL of 1% 
lidocaine at each target point. The needle was inserted 
using the long-axis view of the ultrasound probe. After 
positioning the needle tip next to a genicular artery, a 
10 cm 22-gauge radiofrequency (RF) cannula with 5 mm 
active tip (NeuroThermTM, Medpoint GmbH, Hamburg, 
Germany) was inserted. The cannula was advanced 
percutaneously. To reach the desired distance between 
the cannula tip and the desired nerve, the cannula tip 
was manipulated until sensory stimulation was elicited 
at 0.6 V, 50 Hz, meaning that the distance between the 
active tip and the genicular nerve was at least 0.3 cm. 
To avoid inadvertent motor nerves ablation, the nerve 
was checked for the absence of fasciculation on its cor-
responding area of the lower limb with a current of 2.0 
V at 2 Hz. A volume of 2 mL lidocaine 2% was injected 
before the start of the RF; after one minute, pulsed RF 
at 42°C was performed for 120 seconds in 3 cycles (17).

Thereafter, the same procedure was administered 

to other genicular nerves, respectively. The patients 
were discharged and instructed to rest for 24 hours 
with the use of topical ice. Paracetamol supplemen-
tation was allowed if they experienced pain in the 
treated region. Participants were advised to mobilize 
on the next day whenever they feel comfortable.

Ultrasound-Guided PRP injection (Group PRP)
The PRP samples were prepared in the Hemo-

stasis Laboratory of Assiut university hospital after 
instructing the patients not to administer drugs such 
as NSAIDs, anticoagulants, and corticosteroids at least 
24 hours before the procedure; they were instructed to 
drink plenty of water the day before the procedure and 
avoid food for 4 hours before blood collection. 

PRP preparation: Aspiration of blood (30 mL) 
from the median cubital vein with a specific needle 
(22-gauge, one-inch needle) was used for the prepara-
tion of PRP (5 to 6 mL). Baseline platelet count of each 
patient was obtained, and the sample was not used 
if produced at a concentration < 300% of such value. 
Under complete aseptic conditions, the procedure was 
done at 22 to 26°C, and the blood was collected in cen-
trifuge test tubes then labeled with identification data 
(name and age). The sample was mixed gently with an 
anticoagulant (acid citrate dextrose) in a ratio of 10:1.5, 
then distributed into 15 tubes (2 mL for each). The tubes 
were then sent for the first centrifugation for separation 
(rate of 3500 rpm, over 10 minutes). When the blood 
was separated into an upper red blood cells (RBC) layer 
and plasma-buffy coat, the plasma was withdrawn into 
another sterile tube and underwent the second centrifu-
gation for activation of the platelets (rate of 4000 rpm, 
over 7 minutes). Platelets were finally settled down as 
PRP; the upper 3/4th supernatant was removed and the 
lower PRP (4 to 5 mL) was obtained. The PRP sample was 
then activated just before its injection by the addition 
of 10% calcium chloride in a ratio of 1:10 and agitation 
through vigorous shaking. The final volume was 4 to 5 
mL of PRP collected into a sterile syringe to be ready for 
intraarticular  injection (18).

After administration of local anesthesia and place-
ment of MyLab 7 (Esaote, Europe B.V. Maastricht, 
Netherlands) 10-19 MHz high frequency linear trans-
ducer with a dedicated pre-programmed protocol for 
optimization of the parameters visualization (depth, 
focal zone, frequency, and color Doppler settings 
for low-flow vessels at the top of the patella), the 
intraarticular injection was administered under sterile 
conditions. A 50 mm long 22-gauge needle (Visioplex 
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needle, Vygon Company, France) was inserted into the 
knee joint at the upper outer quadrant of the patella 
via the in-plane technique; then, the prepared PRP so-
lution was injected into the knee joint space. Patients 
remained under medical care for an hour and were 
then discharged if no complications were detected. 
The same procedure was repeated one month later for 
all patients. In case of the presence of postprocedural 
pain, paracetamol was prescribed.

Data Collection
All baseline values of the next parameters were 

assessed prior to the procedure and recorded. Pain in-
tensity was assessed by the 10-point visual analog scale 
(VAS) in which 0 = no pain and 10 = worst pain perceiv-
able (1 ry outcome). The VAS measurements were evalu-
ated by the end of 1 week, and 3, 6, and 12 months. 
The ISK (13) was also evaluated by the end of 3, 6, and 
12 months. To obtain valid baseline values and outcome 
measurements, all patients were instructed on how to 
appropriately fill out the VAS and ISK prior to the proce-
dure. Patient’s satisfaction was assessed by Likert’s scale 
(19); grade 1 (satisfaction of 30%), grade 2 (satisfaction 
of 30% to 50%), grade 3 (satisfaction of 50% to 80%), 

and grade 4 (satisfaction above 80%). Both grades 3 and 
4 were classified as “overall satisfied.”

All adverse events, including numbness, paresthe-
sia, neuralgia, and motor weakness, were documented. 
Paracetamol was allowed during the next month only, 
then ibuprofen full dose was allowed later if needed.

Statistical Analysis
Based upon our retrospective records (such data 

were not included in the study) of chronic KOA pain 
alleviation by intraarticular injection of PRP, we have 
found that by 5 to 7 months, the mean VAS raised to a 
value of 5 ± 2.5 (mean ± standard deviation). This study 
has assumed that the PRF can reduce such value by at 
least 20%. A sample size of 91 patients per group was 
considered to attain a study power of 80% and detect a 
difference at the significance level of 5% of the VAS, so 
we have enrolled 100 patients in each group for com-
pensation of any drop out. Data were first analyzed for 
parametricity by the Kolmogorov-Smirnova test. Data 
analysis within the same group was done by Wilcoxon 
Signed Ranks test (non-parametric data) and paired 
T-test (parametric data). Comparison between groups 
was done by the Mann-Whitney test (non-parametric 
data) and unpaired T-test (parametric data). Statistical 
analysis was done using the computer program IBM, 
SPSS (Statistical Package for Social Sciences), Version 
23, 2015. We have considered a P value < 0.05 to be 
statistically significant.

Results

The 200 participants in the 2 study groups have 
non-significant differences regarding their demographic 
data, disease duration and course, radiographic Kell-
gren-Lawrence Grading Scale, other clinical data, and 
erythrocyte sedimentation rate as shown in Table 1.

The pain VAS scale showed significant difference 
between the 2 groups at 6 and 12 months. Within each 
group, there was a significant decrease during the 
whole study period in the PRF group, while in the PRP 
group, there was a significant decrease until 6 months 
only (Fig. 2).

The ISK was significantly lower in the PRF group 
than the PRP group over the whole follow-up period. 
The ISK also showed a significant decrease in compari-
son to the basal pre-interventional value in both groups 
during the whole study duration (Fig. 3). Both groups 
showed overall satisfaction during the first 6 months 
after interventions with insignificant differences be-
tween the 2 groups. At 12 months, the PRP group had 

Table 1. Demographic and clinical data.

Variables
Group 
PRF 

(n=100)

Group 
PRP 

(n=100)

P 
value

Gender male/female 50/50 49/51 0.88

Age (years) 47.78 ± 6.9 48.45 ± 7.7 0.57

Disease duration (years) ±SE 7.9 ± 0.48 8.79 ± 0.48 0.52

Kellgren-Lawrence Grading Scale

Mean ± SD 3.89 ± 0.32 3.88 ± 0.4
0.84

Median (interquartile range) 4(0) 4(0)

Course

Stationary 52% 52%

0.97Progressive 27% 28%

Regressive 21% 20%

Varus knee deformity 87% 88% 0.83

Myalgia 55% 57% 0.78

Juxta articular osteoporosis 32% 29% 0.64

Erosions 64% 60% 0.56

Use of NSAID 57% 52% 0.48

ESR   SE 38.08 ± 1.73 38.1 ± 1.67 0.99

Data are presented as ratio, mean ± standard deviation (SD) or stan-
dard error (SE), or percentage. ESR erythrocyte sedimentation rate. P 
< 0.05 is considered statistically significant.
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a significantly lower satisfaction 
value than the PRF group (Table 2).

Only 2 patients in the PRF group 
experienced pain at the site of the 
injection and received paracetamol 
with resolution by the first week, 
and one patient in the PRP group 
had joint effusion which responded 
to ice packs and paracetamol.

discussion 
In the present study, we have in-

vestigated the difference between 
the effect of ultrasound-guided 
genicular nerve PRF ablation versus 
intraarticular PRP injection on OA 
related knee pain VAS scale and ISK 
throughout a follow-up period of 
12 months. To our knowledge, this 
is the first study comparing the 2 
modalities. We have found that the 
improvement of VAS was significant 
and satisfactory in both groups spe-
cially in the first 3 months. Patients 
who received PRF experienced sus-
tained pain relief during the whole 
follow-up period in comparison to 
the those in the PRP group where 
pain relief was maintained for the 
first 6 months only. 

PRF is an alternating current 
that generates a thermal lesion on 
the target tissue (terminal sensory 
nerve endings); its use is increas-
ingly directed to treat many chronic 
painful conditions like KOA (20). 
Our results regarding PRF agree 
with Choi et al (21) who investigated the effectiveness 
and safety of fluoroscopically guided radiofrequency 
neurotomy in patients with chronic KOA. Their patients 
who underwent radiofrequency neurotomy showed a 
significant decrease in pain VAS scale over a follow-up 
period of 12 months, and the authors denoted safety of 
the procedure.

Similar results were reported by Kesikburun et al 
(11) who had also performed ultrasonography guided 
genicular nerve PRF on 29 patients with chronic KOA, 
and they found 50% reduction of pain VAS with P < 0.01; 
the Western Ontario McMaster Universities (WOMAC) 
index throughout 3 months was improved with P < 0.01.

Arif and Arora’s study (22) investigated the efficacy 
of PRF on the 4 genicular nerves and mentioned that the 
technique is a minimally invasive procedure; it can be 

Fig 2. Pain visual analog scale during the study period.
Data are presented as median (interquartile range). P < 0.05 is considered statistically signifi-
cant. (¥) significant difference in comparison to the baseline value within the same group.

Fig 3. Index of  Severity for Osteoarthritis of  the Knee by Lequesne during the study 
period.
Data are presented as median (interquartile range). P < 0.05 is considered statistically signifi-
cant. (¥) significant difference in comparison to the baseline value within the same group. 

Table 2. Likert’s satisfaction of  the patients.

Data are presented as median value. P < 0.05 is considered as statisti-
cally significant.

Variables
Group PRF 
(n = 100)

Group PRP 
(n = 100)

P value

After 3months 4 (1) 3 (1) 0.1

After 6 months 3 (0) 3 (0) 0.26

After 12 months 3 (0) 2 (0) < 0.001
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considered as a good alternative to total knee replace-
ment. They mentioned that genicular nerve PRF can 
reduce pain up to more than 6 months duration. On 
the other hand, Hong et al (23) performed a systematic 
review and meta-analysis of 12 randomized controlled 
trials to evaluate the efficacy of RF treatment on knee 
pain and function. The meta-analysis concluded that RF 
can significantly reduce the pain; however, rarely im-
proves joint function. They reported that RF ablation of 
genicular nerves has a relatively long-lasting analgesic 
effect.

In our study we have performed PRF under ultra-
sound guidance, which has been reported to be safer 
and superior to the traditional fluoroscopic guided 
procedure especially in the presence of anatomic 
variations of the genicular nerves. Previous studies 
mentioned that direct visualization of the needle posi-
tion and trajectory using the ultrasound can guarantee 
a successful PRF because of proper localization of the 
injected nerve. In addition, ultrasound is considered 
portable and affordable and does not expose the pa-
tient or investigator to radiation (11,24,25).

We preferred to use PRF treatment rather than 
traditional RF ablation. In PRF treatment, the tar-
get tissue temperature is often kept at 42°C, so that 
nerve destruction and the associated problems such as 
neuropathic pain or Charcot joints are not expected. 
Moreover, the PRF procedure appears to be safer than 
RF ablation in terms of neuritis-like reactions and mo-
tor deficits and conserving both motor and autonomic 
nerve fibers (26). Our rationale behind targeting 3 
genicular nerves (SM, IM, and SL) was based upon their 
proximity to the same named genicular arteries. The IL 
nerve, which lies very near to the neck of fibula, was 
not targeted to avoid the possibility of the common 
peroneal nerve injury (16). 

Franco et al (27) revealed a lack of consensus on 
the number and origin of nerve branches innervating 
the anterior knee capsule. All dissections revealed 
the following 6 nerves: superolateral branch from the 
vastus lateralis, superomedial branch from the vastus 
medialis, middle branch from the vastus intermedius, 
inferolateral (recurrent) branch from the common pe-
roneal nerve, inferomedial branch from the saphenous 
nerve, and a lateral articular nerve branch from the 
common peroneal nerve. Nerve branches showed vari-
able proximal trajectories but constant distal points 
of contact with femur and tibia. The inferolateral 
peroneal nerve branch was found to be too close to 
the common peroneal nerve, making it inappropriate 

for RF neurotomy (27). Kesikburun et al (17) reported 
significant pain relief and functional improvement in 
severe to moderate degenerative KOA after PRF proce-
dure. However, they mentioned that the PRF procedure 
had not included SM and IM genicular nerves. 

In the other hand, PRP carries dual effects upon 
the joint’s cartilage. It can stimulate the mesenchymal 
stem cells and fibroblasts and offer anti-inflammatory 
effects against the interleukin-1B through its growth 
factors content such as insulin-like growth factor 1 and 
transforming growth factor-β (28). Interestingly, PRP is 
considered as a biological therapy for tissue injury as it 
promotes the proliferation of synovium and cartilage 
derived cells (29). It also has a lubricant effect in the 
injected joint with significant decrease of the frictional 
force and wear resulting in a significant improvement 
of the clinical outcomes in symptomatic KOA (30,31).

Cole et al (32) compared intraarticular injection of 
PRP versus hyaluronic acid in patients with chronic KOA. 
They mentioned that PRP carried a better response re-
garding pain and disability, and they assume that such 
effects can be due to the anti-inflammatory properties 
of the PRP. Our results agree with findings of Khoshbin 
et al (33) who found that multiple intraarticular PRP 
injections can offer a good therapeutic effect in adult 
patients with mild to moderate OA with approximately 
6 months duration.

In contrast to this work, Dallari et al (34) com-
pared intraarticular injection (hip joint) of PRP versus 
hyaluronic acid in 111 patients with chronic hip joint 
OA. The study signified that PRP had offered better 
long-standing pain relief over 12 months in compari-
son to our study where we found that the pain relief 
was maintained up to 6 months only. We assume that 
such contrast could be due to the differences in joints 
involved and inclusion criteria. Bennell et al (35) inves-
tigated the effectiveness of PRP injection in the treat-
ment of hip and knee OA through studying 15 random-
ized clinical trials. They stated that PRP is a promising 
safe treatment with short term (up to 12 months) relief 
for knee and hip OA.

Regarding to the frequency of PRP injection, Patel 
et al (36) compared the outcome following single and 
double PRP injections compared to a control group 
for early KOA at 6 weeks and 3 and 6 months. They 
concluded that there was a significant improvement in 
Western Ontario and McMaster Universities Osteoar-
thritis (WOMAC) scores during the whole study period 
when PRP was administered with no significant differ-
ence between single and double injections. 
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The demonstration of a greater sustained duration 
of benefits with PRF in comparison to the PRP in this 
study can be postulated through various mechanisms as 
follows: Sluijter et al (37) mentioned that PRF could of-
fer a therapeutic role through immune modulation and 
decrease the stimulation of C-fibers as well as synaptic 
transmission. Similarly, Moffett et al (38) postulated 
that PRF could alleviate pain through the enhanced 
secretion of endogenous opioid precursor mRNA in 
some human cells. We think that the sustained and 
prolonged analgesic effect noted in the PRF group in 
this study can be assumed also to the disrupted nerve 
tissue because of protein denaturation and coagula-
tion necrosis (39).

We have used Lequesne index of severity (13) 
which measures 3 important domains in OA; pain or 
discomfort and maximum distance walked and ac-
tivities of daily living. The improvement was evident in 
both groups; however, it was better in the PRF group 
than the PRP group. A recent meta-analysis done by 
Han et al (40) compared the effectiveness of PRP versus 

hyaluronic acid. The pooled analysis of 3 studies dem-
onstrated insignificant deference as regard to Lequesne 
index of severity. Another study done by Eyigor et al 
(41) investigated the value of intraarticular PRF of the 
chronic KOA. They mentioned that the improvement 
was noted up to the fourth week only in Lequesne 
index of severity. 

Limitations
The analgesics and physical therapy programs 

used may have some impact upon the results, but 
these were not recorded in the study. Additionally, 
there was no control group in the study to compare 
each group with. 

conclusion 
Pulsed RF can offer more sustained pain relief and 

hence better patient satisfaction when compared to 
intraarticular injection of PRP in patients with chronic 
KOA. Both interventions offered comparable improve-
ment in ISK and safe reliable outcomes.
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