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1. INTRODUCTION 

Osteoarthritis (OA) is a chronic disease which 

has a major impact on patients' health through 

pain and disability. The estimated prevalence of 

OA in the general population is 8–15% making 

it the most common joint disease.[1]Knee OA 

incidence increases by age and further with 

longer lifetime and higher average weight of the 

population. [2] Symptoms can vary greatly 

among patients including joint pain and 

stiffness, swelling, decreased function, and 

cracking or grinding noise with joint movement. 

[3] 

The exact mechanism of pain in OA is not well 

known. It may be attributed to peripheral and  

central sensitization, where the pro-
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inflammatory mediators interleukin 6 (IL-6) and 

tumor necrosis factorα (TNF-α) not only 

promote inflammation but also sensitize 

mechanosensitive neurons and awaken silent 

nociceptors in the affected joint.[4] Activation 

of intracellular kinases as a result of receptors 

activation controls a secondary message cascade 

and causes genetic modulation.  Pro-

inflammatory mediators also contribute in the 

generation of mechanical hypersensitivity, 

hyperalgesia and allodynia associated with OA. 

[4] 

OA diagnosis can be done through following the 

American College of Rheumatology (ACR) 

criteria for the diagnosis of primary knee OA. 

The diagnosis is done through clinical, 

radiological and laboratory findings.[5]Knee 

OA can be managed conservatively or 

surgically. Conservative treatment include 

physical therapy, analgesics drugs, intra-

articular (IA) injection of steroids, and visco-

supplementation.[6] OA patients who did not 

achieve pain relief by conservative therapy, not 

fit for surgery or refuse surgery may have total 

knee joint replacement.[7, 8] 

Pulsed radiofrequency (PRF) is a new modality 

used for management of pain of OA.  It was 

introduced in 1998 as a nonlytic alternative to 

convention RF.[9] The tissue temperature does 

not exceed 42 C thus no irreversible tissue 

damage occurs. [10] PRF injection avoids 

thermal lesioning and exerts its effect through 

rapid changing electrical field. 

PRF with its electrical field may modulate small 

pain information carrying C fibers with less 

effect on the larger fibers.[11] PRF appears to 

interrupt signals only in unmyelinated C fibers. 

[12] Another theory on PRF action is the 

neurobiological pathway. The electric field 

alters the pain-signaling process via increased 

expression of c-fos, a non-specific marker of 

cellular activity.[13, 14] c-fos is not a specific 

nociceptive pathway marker and indicates only 

the activation of cells. [15] 

The electrical field effect on C fibers and the 

consequent modulation of pain also apply when 

the electrode is positioned intra-articularly in 

joints. In large joints, such as the knee and 

shoulder, the pain modulating effect of the 

electrical field in the joints is thought to be the 

local effect on the immune system. [16, 

17]Previous studies reported attenuation of the 

production of pro-inflammatory cytokines such 

as interleukin IL-1b, IL-6 and TNF-alpha after 

the application of PRF, exhibiting the anti-

inflammatory effect of PRF.[18] In addition, 

there are hypotheses that suggested that PRF 

electrical field enhances intra-articular cartilage 

protective and regenerative mechanisms. [18] 

Ultrasound (US) guidance improves the success 

rate and safety of intra-articular invasive 

procedures. It is more superior than computed 

tomography and Fluoroscopic guided 

techniques, as it is a bed side tool, less 

expensive and carries no hazards of radiation. 

[19, 20] 

Considering the insufficient evidence towards 

the role of IAPRF in the management of 

primary osteoarthritis related pain, the current 

study was designed to evaluate the effectiveness 

and the safety of US guided IA PRF on chronic 

pain associated primary knee osteoarthritis not 

responding to other conservative treatments. 

2. MATERIALS AND METHODS 

2.1.  Study Design 

The current study isopen-labeled, non-

randomized, prospective and single-armed. 

After taking the approval of the ethical 

committee of the Faculty of Medicine, 

University of Alexandria and obtaining consent 

from each patient, 52 patients with primary knee 

OA, grades 2 or 3 Kellgren–Lawrence (KL) 

classification [21] who could not achieve 

satisfactory pain relief with conservative 

therapies (physical therapy, analgesic drugs 

(nonsteroidal anti-inflammatory, opioid), intra-

articular injection of steroids or visco-

supplementation) during the last 3 months, and 

refused or were unfit for surgery were recruited 

from the Outpatient Clinic of the Physical 

Medicine, Rheumatology and Rehabilitation 

Department, Faculty of Medicine, Alexandria 

University, Egypt starting from May 2017 till 

December 2017.Western Ontario and McMaster 

Universities Osteoarthritis Index (WOMAC)[22, 

23] Score and Numerical rating scale (NRS)[24] 

for pain were recorded for patient selection. A 

score of 5 or more on NRS was used for 

recruitment. The selected patients received IA 

knee injection in the block room of the Medical 

Research Institute hospital, Alexandria 

University. The injection was done in two stages 

under local anesthesia and conscious sedation, 

[10] using intravenous midazolam 2 milligrams 

(mg)and fentanyl 20 micrograms (mcg), and 

guided by ultrasound (Sonosite S-Nerve, USA) 

machine. 
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Fifty-two patients were assessed for eligibility 

in the current study, 11 were excluded and 41 

were enrolled. Eight patients did not show up 

after their first follow up visit. Patients were 

excluded (six patients) if they had clinically 

assessed secondary knee OA, associated pain 

causes such as radicular pain, coagulation 

disorders, systemic or local infection in the 

interested area of injection, psychiatric 

disorders, excessive use of opioids, allergies to 

local anesthetics or cardiac pacemakers. [25] 

Some patients refused to participate in the study 

(five patients) and others did not achieve pain 

relief after the diagnostic block trial (three 

patients). Figure (1) 

 

Figure1. Flow chart of the current study 

2.1.1. All Patients were Subjected to the 

Following 

Demographic data collection, A complete 

history for knee OA, medical and drug history 

taking, clinical examination, radiological 

assessment of knee joints (done using plain X-

Ray of both knees in antero-posterior and lateral 

views on standing position). The disease 

severity was assessed using the Kellgren - 

Lawrence grading scale (four grades for 

radiological disease severity). WOMAC Score 

(24 parameters, 0-4 point each one, three 

subscales; Pain [5 questions], Stiffness [2 

questions] and difficulty in daily activities [17 

questions], minimum score 0 [best score] and 

maximum score 96 [worst score]) and NRS for 

pain  (0-10 point, 0 means no pain and 10 is the 

worst pain) were recorded pre-intervention 

(baseline evaluation) and at  1 ,4 and 12 weeks 

follow up post-intervention visits at the 

Outpatient Clinic of the Physical Medicine, 

Rheumatology and Rehabilitation Department, 

Faculty of Medicine, Alexandria University. 

2.1.2.  US Guided IA Intervention 

Patient was placed in a supine position with a 

pillow under the knee putting it in about 45 

degrees of flexion. The knee joint skin was 

cleaned with alcohol and was wiped with an 

iodine-based antiseptic solution. The ultra-sound 

linear 6-13 mega-hertz (MHz) transducer was 

applied on the upper outer border of the patella 

in the transverse axis and sonoanatomy of the 

knee joint was reviewed. The superolateral joint 

space was identified and a short beveled 50 mm 

needle was advanced through an in-plane 

approach towards the center of the joint with an 

angle of 45 degrees to the skin. After proper 

visualization of the needle tip 4 ml of lidocaine 

2% were injected intra-articularly as a 

diagnostic block. After a week, the patients who 

experienced a reduction of pain by at least 50% 

received US guided PRF block for the same 

knee.  A 22 gauged 50 mm radiofrequency (RF) 

insulated curved cannula, with a 10 mm active 

tip was advanced toward the center of the joint. 

Then, PRF was applied with 42°C temperature 
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and a pulse width of 20 milliseconds for 15 

minutes.[26-28] Figure (2 and 3) Diagnostic 

block testing is not mandatory yet it confirms 

that the source of pain is the knee giving better 

prognostic value and higher chances of success 

with PRF injection [25, 29]. 

 

Figure2. US image during PRF injection of the knee 

 

Figure3. US and PRF probe position during knee injection 

Patient satisfaction with medical care and 

postoperative pain was evaluated by the patient 

satisfaction questionnaire which assessed the 

satisfaction with information and medical 

care before the patients were discharged.[30] It 

is 7 items, self-report scale. Each item was rated 

on a 0-3 point scale: 0 not satisfied and 3 highly 

satisfied.[31] Complications to IA injection as 

granulomatous inflammation of the synovium 

[32], aseptic acute arthritis [33, 34]and septic 

arthritis [35, 36] were not encountered. Minimal 

complications like ecchymosis or pain at the site 

of injection occurred. 

2.2. Sample Size  

Group sample size of 30 patients achieves 90 % 

power to detect a difference in NRS score of (1) 

in a design with 4 repeated measurements (pre-

intervention, 1 week, 1 month and 3 months 

post-intervention), when the standard deviation 

is (1.5), and the alpha level is .05. The sample 

size was calculated using PASS program 

version 12.0.2. Thirty-eight patients with 

primary knee OA were enrolled in the study to 

raise significance of power.[31, 37, 38] 

3. STATISTICAL ANALYSIS 

Statistical analysis[39] was performed using 

IBM SPSS software package version 20.0. 

(Armonk, NY: IBM Corp) [40]. Normality 

testing was done through the Kolmogrov-

Smirnov test. Normally distributed quantitative 

variables were described by the mean and 

standard deviation, while not normally 

distributed data were described through the 

median and range. Qualitative variables were 
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described by their frequencies and %. Analysis 

of variance (ANOVA) was used to compare 

repeated measures for comparison between 

different periods. P was considered statistically 

significant at ≤ 0.05. 

4. RESULTS 

4.1. Demographic Data 

The studied group was distributed according to 

sex into 6 males (20% of the patients) and 24 

females (80 % of the patients). The mean age 

was 60.8 ± 7.1. According to occupation, 12 

patients were housewives, 15 were official 

workers and 3 were manual workers 

representing 40%, 50% and 10%, of the 

patients, respectively. Only 3(10%) patients had 

normal body mass index (BMI) (18.5 – 24.9 

kg/m2), 22 (73%) patients were overweight 

(BMI =25 – 29.9 kg/m2) and 5(16%) patients 

were obese (BMI=30 – 34.9 kg/m2). Table (1) 

Table1. Patients characteristics and co-morbidities (n = 30) 

 Number (%) 

Sex  

Male 6 (20%) 

Female 24 (80%) 

Age (years) 60.8 ± 7.1 

Occupation  

House wife 12 (40%) 

Official work 15 (50%) 

Manual work 3 (10%) 

BMI (kg/m2) 28 ± 2.3 

Normal (18.5 – 24.9) 3 (10%) 

Overweight (25 – 29.9) 22 (73.3%) 

Obese (30 – 34.9) 5 (16.7%) 

Severely obese (35 – 39.9) 0 (0%) 

Morbidly obese (>40) 0 (0%) 

Chronic disease  

DM 10 (33.3%) 

HTN 15 (50%) 

IHD 3 (10%) 

Hypercholesterolemia (mg/dl) 9 (30%) 

Qualitative data were described using number and percentage. Quantitative data was expressed using Mean ± SD. 

BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; IHD, ischemic heart disease; dl, deciliter 

4.2. Co-Morbidities 

Hypertension (HTN) was the major co-morbidity 

in our studied group, 15 patients had HTN 

representing 50% of the patients. Other co-

morbidities were, Diabetes Millets (DM) (33.3%), 

Ischemic heart disease (IHD) (10%)and 

Hypercholesterolemia (30%). Table (1) 

4.2.1. Patient Satisfaction with Care   

The mean value for patient satisfaction score 

was19.9± 1.9.            

The following scores were recorded pre-

procedure and on week 1,4 and 12 post-

procedure follow up visits 

4.3. NRS Pain Score 

Table (2) and figure (4) show that there was 

significant reduction in NRS pain score (p = 

<0.001*) over the follow-up period of 3 months 

in comparison to pre-intervention value. After 

achieving pain relief with PRF injection, three 

of the female patients started pool exercises in 

order to lose weight and strengthen the 

quadriceps muscle.  

Table2. Comparison between the different follow up periods NRS scores 

 Pre-intervention 1 Week 1 Month 3 Months P 

   Post-intervention   

Pain NRS score (0-10) 7.10 ± 1.49 4.03a± 1.13 3.77a± 1.28 3.5a± 1.04 <0.001* 

Quantitative data was expressed using Mean ± SD. 

p: p values for ANOVA with repeated measures for comparison between different periods 

a:  Significant with preoperative, b:  Significant with 1 week, c:  Significant with 1 month  

*: Statistically significant at p ≤ 0.05 

NRS, numerical rating scale 
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Figure4. Comparison between the different follow up periods NRS scores 

*: Statistically significant at p ≤ 0.05 

4.3.1. WOMAC Pain Score 

Table (3) shows that the pain score decreased 

significantly (p = <0.001*) over the follow-up 

period of 3 months. 

4.3.2. WOMAC Stiffness Score 

Table (3) shows that there was significant 

improvement in stiffness score (p = <0.001*) 

over the follow-up period of 3 months.  

Table3. Comparison between the different follow up periods WOMAC scores 

 Pre-intervention 1 Week 1 Month 3 Months P 

   Post-intervention   

WOMAC Pain score (0-

20) 

11.2 ± 3.7 7.2a± 2.9 6.9a± 3.3 5.9a± 3.1 <0.001* 

WOMAC Stiffness Score 

(0-8) 

3.93 ± 2.10 2.87a± 

1.78 

2.47a± 1.55 2.43a± 1.50 <0.001* 

WOMAC Disability 

Score (0-68) 

39.9 ±13.9 28.1a± 

12.2 

27.2a± 11.7 25.8ab± 12.7 <0.001* 

Total WOMAC score (0-

96) 

54.40 ± 17.68 37.9a± 

15.68 

36.43a± 15.45 34.17ab± 

15.90 

<0.001* 

Quantitative data was expressed using Mean ± SD. 

p: p values for ANOVA with repeated measures for comparison between different periods 

a:  Significant with preoperative, b:  Significant with 1 week, c:  Significant with 1 month  

*: Statistically significant at p ≤ 0.05 

WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index 

4.3.3. WOMAC Disability Score 

Table (3) shows that there was significant 

improvement in disability score (p = <0.001*) 

over the follow-up period of 3 months. 

4.3.4. Total WOMAC score 

Table (3) shows that there was significant 

improvement in total WOMAC score (p = 

<0.001*) over the follow-up period of 3 months. 

Disability and total WOMAC scores at 12 

weeks were significantly reduced when 

compared to 1-week scores (p = <0.001*). 

4.4. Post-Intervention Complications 

In the current study, 21 patients (70%) 

complained of post-intervention pain at the site 

of injection. 3 patients (10%) complained of 

ecchymosis at the site of injection post-

intervention. No other complications were 

encountered. Table (4) 
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Table4. Post-intervention complications (n = 30) 

complication Number (%) 

  

pain at the site of injection 21(70%) 

ecchymosis at the site of injection 3 (10%) 

granulomatous inflammation of the synovium 0 (0%) 

aseptic acute arthritis 0 (0%) 

septic arthritis 0 (0%) 

Qualitative data were described using number and percentage 

5. DISCUSSION 

The focus of the treatment of knee OA lies in 

relieving refractory pain, promoting the quality 

of life and improving knee function. Therefore, 

recent researches were directed towards, intra 

articular ozone injection,[41] platelets rich 

plasma injection[42] or intra articular neuro 

modulations.[16] 

The current study showed that pulsed 

radiofrequency guided by ultrasound was an 

effective line of treatment in knee osteoarthritis. 

As PRF resulted in significant improvement, not 

only in NRS pain score, but also in the 

WOMAC disability, pain and stiffness scores. 

There was significant improvement in NRS pain 

score (p = <0.001*) over the follow-up period of 

3 months. After achieving pain relief with PRF 

injection, three of the female patients started 

pool exercises in order to lose weight and 

strengthen their quadriceps muscle. The pain 

relief the patients achieved encouraged them to 

pursue a healthier life style in order to attain that 

relief. It was noticed that study patients admitted 

to decreased analgesic consumption post-

intervention. 

Patients with OA experience short-lasting 

inactivity stiffness or gelling of joints.[43]The 

WOMAC stiffness score of the current study 

was significantly improved (p = <0.001*) over 

the follow-up period of 3 months. Several 

studies have reported a relationship between 

elevated levels of pro-inflammatory cytokines 

and morning stiffness 'gelling phenomenon'.[44, 

45] The level of these cytokines was highly 

elevated in patients early in the morning. TNF 

and IL-6 are pro-inflammatory cytokines which 

accumulated during the night and might have 

been the trigger of morning stiffness when the 

patients woke up in the morning.[46, 47] PRF 

had a role in decreasing the concentration of 

these pro-inflammatory cytokines[18]and this 

might explain the improvement in stiffness 

scores.  

The WOMAC disability and total WOMAC 

scores at 12 weeks were significantly reduced 

when compared to 1-week scores (p = <0.001*). 

It was noticed that when the patients felt pain 

relief post-intervention they disregarded the 

advice of avoiding excessive knee flexion more 

than 90 degrees and excessive exercise. They 

proudly reported on week 1 follow up visit how 

they can squat and climb stairs without much 

difficulty as before. They were advised that this 

would cause damage to their knees and decrease 

the period of pain relief provided by PRF. They 

began to follow orders strictly after that which 

might explain the significant difference in 

scores between week 1 and 12.  

No major complications to IA knee injections as 

granulomatous inflammation of the synovium 

[32] , aseptic acute arthritis [33, 34]and septic 

arthritis [35, 36]occurred to the studied patients 

but rather some minimal complications like 

ecchymosis or pain at the site of injection. 

[32]This may be attributed to the accuracy given 

by US guided injection which was more 

accurate than landmark-guided injection [48].  

US guided injection provided accurate needle 

tip positioning which reduced local 

complications [49]. 

Yan Yuan et al.[50]investigated the clinical effect 

of intra-articular PRF on the pain caused by 

refractory knee osteoarthritis. They compared IA 

dexameth as one injection to PRF. The study 

recorded the intra- articular concentrations of 

TNF-α, matrix metalloproteinase-3 (MMP-3) 

andIL-1in synovial fluid, VAS for pain and 

WOMAC index. The follow up period was 1 

year. The authors concluded that RF was 

significantly better than IA corticosteroids in 

relieving intra articular pain and that RF 

injection caused a decrease in synovial fluid 

concentrations of TNF- α, IL-1 and MMP-3. 
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Gupta et al.[51] performed a systematic review 

of published studies investigating conventional, 

pulsed and cooled radiofrequency ablation in the 

setting of chronic knee pain. The studies 

reviewed primarily targeted either the genicular 

nerves or used an intraarticular approach. They 

concluded that IA PRF appeared to be a safe and 

effective method giving promising results up to 

one year of follow up with minimal 

complications.  

Several studies tried to investigate the effect of 

PRF on other joints like Liliang et al.[52] Who 

tested the effectiveness of PRF on hip joint. 

They agreed with the results of this study in the 

effectiveness and the safety of the procedure. 

Schianchi et al.[17]performed a retrospective 

study on the effect of PRF in multiple joints 

including small and big joints. The study 

included fifty-seven consecutive patients with 

articular pain of the shoulder, knee, trapezio-

metacarpal, and first metatarso-phalangeal 

joints. Patients with intractable joint pain for 

more than 6 months were treated with IA PRF 

using fluoroscopic guidance. Follow up was 

done at 1, 2, and 5 months. Patients showed 

significant reductions in pain scores at all three 

follow-up visits. Success rates were higher in small 

joints (90% and 82%, respectively) than large 

ones (64% and 60%, respectively). There were no 

significant adverse effects or complications. The 

study recommended additional research 

including control groups and concluded that 

PRF is a safe and effective method in treating 

arthrogenic pain agreeing with our results. 

6. CONCLUSION AND RECOMMENDATIONS 

IA PRF treatment appears to be safe and 

beneficial in osteoarthritis related knee pain. 

Further studies with a larger population and 

randomized controlled study design are 

warranted to confirm the positive findings of 

this study report. It is also recommended to 

follow up patients' consumption of analgesics 

pre and post-intervention through consumption 

diaries. 
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