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ABSTRACT 

Knee pain due to osteoarthritis (OA) is a common issue, affecting many elderly individuals. The knee joint receives sensory 

innervation from four genicular nerves (GN): the superior medial (SMGN), inferior medial (IMGN), superior lateral (SLGN), 

and inferior lateral (ILGN) genicular nerves. Various procedures target these nerves for pain relief, including corticosteroid 

and local anesthetic (LA) injections, pulsed radiofrequency (PRF), and intra-articular botulinum neurotoxin (IABoNTA). 

Genicular nerve block (GNB) and radiofrequency ablation (RFA) have gained popularity, even in patients post-total knee 

replacement (TKR). These techniques alleviate pain by inhibiting nerve fibers supplying the knee joint. The use of 

ultrasonography (US) has expanded in nerve block procedures due to its superior visualization of neurovascular structures 

compared to fluoroscopy. PRF applies alternating current to generate heat through molecular friction, creating a thermal 

lesion that disrupts pain transmission. RF neurotomy of the genicular nerves is a minimally invasive and safe  approach for 

chronic knee OA. Botulinum neurotoxin has been well studied for its muscle-paralyzing effects via proteolysis of membrane-

associated proteins, preventing acetylcholine release. However, emerging research indicates that intra-articular BoNT-A 

injections can reduce pain and improve joint function through anti-nociceptive mechanisms, offering an alternative for knee 

OA management. 

 

 

1. INTRODUCTION 

Roughly 250 million people across the globe suffer from osteoarthritis (OA), making it the most prevalent kind of arthritis 

and a major contributor to disability and over 27 million in the U.S. High-risk groups include the elderly (35% of those over 

65), females, obese individuals, and African Americans. With increasing life expectancy and obesity rates, OA prevalence 

is expected to rise, exacerbating its social and economic impact (Alkady et al., 2023). 

Knee osteoarthritis, or degenerative joint disease of the knee, results from progressive cartilage loss, commonly affecting the 

elderly. It is classified as primary (idiopathic) or secondary (due to trauma or underlying conditions like rheumatoid arthritis) 

(El Said et al., 2022). OA is progressive, leading to worsening pain, stiffness, swelling, and potential disability. Treatment 

begins with conservative methods and may progress to surgery when necessary, though no disease-modifying agents 

currently exist (Komarraju et al., 2020). 

Once considered solely a cartilage-degenerative condition, OA is now recognized as a multifactorial disease involving 

trauma, mechanical forces, inflammation, and metabolic factors. Pain arises primarily from non-cartilaginous connective  
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tissues, like the synovium, subchondral bone, ligaments, and periarticular muscles (Said et al., 2023). As OA advances, 

structural changes like osteophyte formation, bone remodelling, ligament laxity, and muscle weakening contribute to its 

progression and symptoms. The Kellgren–Lawrence (KL) grading system is commonly used to assess disease severity via 

radiographic findings (Tariq et al., 2024). 

2. KNEE OSTEOARTHRITIS 

Epidemiology 

Knee OA is the most diagnosed form of arthritis, with its prevalence expected to rise alongside increasing life expectancy 

and obesity rates. Approximately 13% of women and 10% of men aged 60 and older have symptomatic knee OA, with 

prevalence increasing to 40% in those over 70. The condition is more common in females than males. Notably, radiographic 

evidence of There is no guarantee that symptoms will accompany knee OA —one study found that only 15% of individuals 

with radiographic findings experienced symptoms. Approximately 240 instances per 100,000 people experience symptomatic 

knee OA each year (Hsu & Siwiec, 2018). 

Etiology 

Knee OA is classified as primary or secondary. Primary OA results from age-related cartilage degeneration without a known 

cause, while secondary OA stems from identifiable factors such as trauma, surgery, congenital deformities, and conditions 

like rheumatoid arthritis, gout, or hemophilia (Primorac et al., 2020; Williams et al., 2023). 

Some of the risk factors for osteoarthritis of the knee can be changed, while others cannot. Changeable elements comprise 

trauma, occupations with repetitive knee stress, muscle imbalance, obesity, and metabolic syndrome. Non-modifiable factors 

include age, gender (higher prevalence in females), genetics, and race (de Brito Fontana et al., 2021). 

Pathogenesis 

Osteoarthritis (OA) is driven by progressive articular cartilage degradation and disrupted cartilage homeostasis. Chondrocyte 

alterations, such as age-related or oxidative stress-induced hypertrophy triggers the production of catabolic factors, such as 

heat-shock proteins (HSPA1A), metalloproteinases (MMP1, MMP3), IL-6, IL-8, RANTES and IP-10, which serve as 

indicators for the onset and development of OA (Berteau et al., 2022). 

Cartilage degradation leads to joint structural changes, including subchondral bone (SB) sclerosis, bone cysts, and osteophyte 

formation, narrowing the joint space and accelerating OA progression. Ultimately, synovial inflammation and joint capsule 

fibrosis contribute to stiffness, tenderness, and pain, creating a self-perpetuating cycle (Zaki et al., 2020; Asofsky et al., 

2020). 

OA pain arises from complex peripheral and central mechanisms. Since hyaline cartilage lacks innervation, pain originates 

from nociceptive neurons in the periosteum, subchondral bone, and synovial membrane. Bone marrow lesions, synovitis, 

and knee effusion are examples of structural changes that worsen pain by releasing inflammatory mediators (Hu et al., 2021). 

Recent evidence suggests SB plays a central role in OA by failing to absorb joint forces, leading to cartilage damage. SB 

remodeling increases stiffness, alters gene expression, and disrupts cartilage homeostasis, triggering a vicious cycle of joint 

degeneration (Fang et al., 2018). 

 

Fig (1): Pain perception plays a crucial role in the debilitating cycle of osteoarthritis progression and related risk 

factors (Berteau et al., 2022). 

Risk Factors 

Age 
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Osteoarthritis (OA) increases exponentially in adults over 50 due to aging-related chondrocyte dysfunction, which reduces 

proteoglycan production, weakens cartilage, and disrupts homeostasis. This impairs tissue repair, leading to degeneration 

and OA. However, OA is not solely an age-related wear-and-tear disease, as some joints are more affected than others, and 

OA can occur without aging. Notably, while rare in youth, individuals under 30 with sports injuries face an increased risk 

(Cerqueni et al., 2021). 

Obesity 

Obese people had a 66% chance of developing symptomatic osteoarthritis in their knees, compared to 45% for people of 

normal weight. Women who lost about 5 kg (2 BMI units) had a halved risk of developing osteoarthritis in their knees, 

according to the Framingham OA research (Felson et al., 1990). 

Obesity contributes to OA through both systemic and biomechanical factors. Systemically, obesity-driven metabolic changes 

and joint inflammation affect even non-joints that bear no weight like the hands. Biomechanically, excess weight increases 

the force exerted on weight-bearing joints, such as the hip and knee, by three to six times body weight during walking, 

heightening tissue damage risk (Sobieh et al., 2023). While moderate knee misalignment (2–7 degrees) may limit weight's 

impact on OA progression, severe misalignment leads to OA regardless of weight. Additionally, obesity-related adipose 

tissue secretes adipokines, promoting joint inflammation and disrupting cartilage homeostasis, further increasing OA 

susceptibility (Mochoge et al., 2022). 

Biomechanical Load  

Biomechanical overload from repetitive or increased joint stress, such as knee flexion is linked to knee OA. Degradation of 

cartilage occurs in high-stress areas where cytokines, chemokines, and proteolytic enzymes are overexpressed due to fluid 

shear stress. High-impact sports like hockey, football, and soccer increase knee OA risk, while deep squatting exerts 

significant knee forces (7x body weight compressively, 5x posteriorly), though its direct link to OA is unproven (Gherghel 

et al., 2021). 

Joint malalignment alters biomechanics, increasing cartilage and bone damage. Varus knee alignment stresses the medial 

knee compartment, while valgus alignment stresses the lateral. Leg length discrepancies also disrupt joint mechanics, 

contributing to OA development. Sports injuries, such as ACL or meniscus damage, alter knee loading and accelerate OA 

progression. Among Swedish soccer players, 41% of ACL-injured knees showed OA after 14 years, compared to 4% of 

knees that are not damaged, regardless of surgery. Following meniscus surgery, more than half of young athletes experience 

osteoarthritis, which is associated by pain and functional impairment, according to longitudinal studies (Russell et al., 2022). 

The idea that OA is more of a failure of the joints caused by aberrant loading than a separate disease is gaining traction, with 

biomechanical factors playing a central role in its progression (Cheung et al., 2020). 

Diagnosis 

Acquiring a comprehensive medical and surgical history is crucial for identifying risk factors linked to secondary knee 

osteoarthritis. The clinical symptoms of knee osteoarthritis primarily encompass knee pain, which normally manifests 

gradually and exacerbates with extended activity, repetitive bending, or stair climbing. Lack of activity may exacerbate the 

pain. Discomfort is typically alleviated with rest, cryotherapy, or anti-inflammatory pharmaceuticals. Patients experience 

knee rigidity, edema, or diminished mobility (Sharma et al, 2021). 

When the patient is standing up straight, the physical examination of the knee begins with a visual evaluation. Check for 

abnormalities in varus or valgus, quadriceps atrophy, edema, and periarticular erythema. Examine the skin for soft tissue 

lesions, scars, or injuries, and assess gait for discomfort or instability. Flexion and extension require ROM testing, which 

includes both active and passive modalities. The medial, middle, and lateral parts of the knee must all be palpated (Epskamp 

et al., 2020). 

A comprehensive neurovascular exam is essential. Assess quadriceps and hamstring strength, as muscle atrophy is common 

with knee pain. Conduct a sensory exam of the femoral, peroneal, and tibial nerves for neurogenic symptoms. Palpate the 

popliteal, dorsalis pedis, and posterior tibial pulses to identify potential vascular issues (de Brito Fontana et al., 2021). 

Radiographic imaging is essential for diagnosing knee osteoarthritis (OA) alongside a thorough history and physical exam. 

A skyline view of the patella, standing lateral in extension, and standing AP are all recommended views. For a more accurate 

evaluation of the bearing surface, a 45-degree PA view is useful. Long-leg standing films may also be used to evaluate 

deformity and overall alignment. Importantly, all radiographs should be taken with the patient standing to accurately assess 

joint space narrowing, as supine images can misrepresent joint alignment and space. The radiographic manifestations of OA 

include subchondral sclerosis, subchondral cysts, osteophyte formation, and narrowing of the joint space (Lee et al., 2021, 

Zaid & Barry, 2022). 

Management of Knee Pain in OA 

Knee OA requires a comprehensive management approach, categorized into non-surgical and surgical options, to alleviate 
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pain and improve joint function (Martel-Pelletier et al., 2019). 

Non-surgical treatments serve as the first-line approach, focusing on symptom relief and improving quality of life without 

modifying disease progression. Patient education about OA, treatment options, and adherence to management plans is crucial. 

Lifestyle modifications, such as reducing high-impact activities and engaging in supervised exercise programs, help maintain 

joint mobility and muscle strength. Weight reduction is recommended for individuals with a BMI over 25, with dietary 

control and low-impact aerobic exercises being effective. Unloader-type braces may be beneficial for patients with valgus or 

varus deformities by redistributing knee joint load (Huffman et al., 2024). 

Pharmacological Treatments includes: 1) Acetaminophen: Commonly used for pain relief due to its favourable safety profile. 

2) NSAIDs: Effective for managing pain and inflammation, with selection based on patient history and potential side effects. 

3) COX-2 Inhibitors: Provide pain relief with fewer gastrointestinal side effects compared to traditional NSAIDs. 4) 

Glucosamine and Chondroitin Sulphate: Despite widespread use, strong evidence suggests a lack of efficacy, with any benefit 

likely placebo driven. 5) Corticosteroid Injections: Effective for short-term inflammation and pain relief, especially in cases 

with significant inflammation. 6) Hyaluronic Acid (HA) Injections: Intended to improve joint lubrication, though AAOS 

guidelines strongly discourage its use due to insufficient evidence (Fernández-Martín et al., 2021; Machado et al., 2021). 

Interventional Pain Management for Knee Osteoarthritis (OA) 

3. GENICULAR NERVE BLOCK (GNB) WITH LOCAL ANESTHETIC AND CORTICOSTEROID 

GNB involves injecting a combination of local anesthetic and corticosteroid to block pain signals and reduce inflammation 

around the genicular nerves. Ultrasonography is used to visualize neurovascular structures for precise injection placement 

(Hassan et al., 2022). This technique provides both immediate and extended pain relief by numbing the nerves and decreasing 

local inflammation (Ragab et al., 2021). 

Indications 

GNB is a feasible choice for individuals with chronic knee discomfort despite conservative treatments. It is particularly 

beneficial for (ARICAN et al., 2020): 

 Individuals experiencing refractory knee pain unresponsive to non-surgical treatments. 

 Individuals seeking to avoid surgery or those deemed unsuitable for surgical intervention due to comorbidities. 

 Patients with failed knee replacement who experience pain despite no structural abnormalities in the prosthesis. 

 Those who previously benefited from GNB or radiofrequency ablation (RFA) but have experienced recurrent pain  

Contraindications 

GNB is generally a safe procedure with minimal contraindications, primarily (ARICAN et al., 2020): 

 Active infection at the injection site. 

 Severe joint instability or unsuitable knee anatomy that may affect treatment efficacy. 

Equipment and Supplies 

Genicular nerve blocks are readily executed in the fluoroscopy suite or at the patient's bedside under ultrasound supervision. 

22 or 25 G needles that are 2 or 3.5 inches in length may be used, depending on the patient's body habitus. When using 22 G 

needles, local skin anesthetic is administered with a small, 1–1.5 inch, 25–27 gauge needle. A total of 1.5 mL of injectate is 

used for the plane block across the three sites after a three of needles for procedures are placed next to the three targeted sites 

and 0.5 mL of local anesthetic is given at each site. For a therapeutic block, provide 2 mL of injectate at each site (Ghosh & 

Kohan, 2022). 

Technique 

To increase comfort, the patient is in a supine position with a pillow under the popliteal fossa. Sterilized and appropriately 

wrapped is the treatment area. To locate the long bone's epicondyle, a 12 MHz linear transducer is used, initially oriented 

perpendicular to the shaft of the long bone and then adjusted superiorly or inferiorly (Fig. 2) (Yilmaz et al., 2021). 
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Fig (2): (a–c) putting the probe into a healthy volunteer and using the RF cannula to take precise ultrasound pictures of a 

cadaver. (a) The target position of the SLGN in the coronal plane. (b) The transverse plane is the ultimate location of the RF 

cannula for the SLGN.. (c) The SMGN's is located in the coronal plane. (d) The SMGN's RF cannula is finally positioned in 

the transverse plane. (e) The IMGN's target location in the coronal plane. (f) The transverse plane is the ultimate location for 

the RF cannula of the IMGN.. Right is distal (a, c, e), whereas left is proximal (a, c, e); Left means anterior, right means 

posterior (b, d, e). (Ghosh & Kohan, 2022). 

To identify the SL genicular nerve, position the transducer in a coronal plane on the lateral portion of the femoral shaft.. 

Then, move it distally to concentrate on the point where the lateral femoral condyle and shaft meet. About the genicular 

nerve of the SM, position the transducer on the medial side of the femoral shaft and move it distally to the junction of the 

medial femoral condyle and shaft. Place the transducer in a coronal plane on the medial aspect of the tibial shaft for the 

intramuscular genicular nerve, then advance it proximally to the junction of the medial epicondyle and the shaft. Confirm 

the genicular arteries using Doppler flow, then identify the SM, SL, and IM genicular nerves adjacent to the arteries. Place 

the needle next to each artery in a long-axis, planar configuration, aspirate to make sure there isn't a vascular puncture, and 

then provide 0.5 mL of injectate at each site. Remove the needles and apply a bandage if required (Vanneste et al., 2019). 

Potential Complications and Adverse Effects 

Before doing the genicular nerve blockade, the clinician should be aware of the rare unpleasant reactions and issues that may 

occur, even though most patients handle it well. Unpleasant effects are rare, save from the discomfort brought on by pain or 

muscular spasms. They include increased discomfort, decreased movement, and increased stiffness, as well as vascular 

injection of local anesthetics given close to the genicular arteries (Kose et al., 2022). 

Ultrasound-Guided Genicular Nerve Pulsed Radiofrequency (PRF):  

PRF utilizes an alternating current to generate molecular friction heat, creating a controlled thermal lesion at the target nerve 

fibers. This minimally invasive procedure aims to provide long-term pain relief by disrupting pain transmission from the 

knee joint. Ultrasound guidance ensures accurate targeting of the genicular nerves, enhancing precision and efficacy 

(Rodríguez-Merchán et al., 2023). 

Indications 

Failure of conservative treatment (e.g., medications, physical therapy, injections) 

Non-surgical candidates due to comorbidities or patient preference 

https://link.springer.com/chapter/10.1007/978-3-031-11188-4_71/figures/2
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Persistent knee pain following surgery (e.g., total knee replacement) 

Chronic knee pain due to osteoarthritis (OA) 

Temporary pain relief before considering genicular nerve RFA 

Patients who experienced prior pain relief from genicular nerve blocks or RFA 

Contraindications 

Active infection at the injection site 

Severe knee joint deformities making the procedure technically difficult 

Bleeding disorders or anticoagulant use (relative contraindication) 

Severe neuropathy or nerve damage that may complicate outcomes 

Equipment and Supplies 

Genicular nerve block can be done using fluoroscopic or ultrasound guidance, both providing comparable pain relief and 

functional improvement. RFA of the genicular nerves, typically performed under fluoroscopy, is an emerging treatment for 

osteoarthritis-related knee pain, targeting nerve fibers to reduce pain (Mahmoud et al., 2021). Fluoroscopic guidance ensures 

accurate needle placement using bony landmarks, while ultrasound offers advantages such as cost-effectiveness, 

repeatability, and the absence of ionizing radiation. Recent studies confirm the accuracy of ultrasound-guided genicular nerve 

injections (Karm et al., 2024). 

Radiofrequency ablation (RF-Ablation) is a medical procedure that utilizes high-frequency alternating current 

(approximately 350–500 kHz) to generate an electromagnetic field. This field induces oscillating movements of ions within 

the target tissue. The oscillation of ions converts electromagnetic energy into heat through frictional or resistive energy loss. 

This process raises the temperature of the target tissue to between 60 and 100 °C, effectively "lesioning" the nerve to interrupt 

pain signals (Kok et al., 2020). 

Types of Radiofrequency Systems (Vahedifard et al., 2021): 

Monopolar System  

Configuration: The probe’s electrode has a single active tip placed near the nerve. 

Circuit: A substantial conductive pad, symbolizing the neutral electrode, is affixed to the patient's skin, typically on the leg, 

to complete the circuit. 

Bipolar System  

 Configuration: To create the circuit, the probe uses two electrodes at the tip. 

 Variations: The electrodes can be within the same probe or utilize two separate probes to form the circuit. 

Technique 

Ultrasound Examination Procedure (Lash et al., 2020): 

The patient lies on the lateral side with the knee in full extension. 

- To examine the adductor tubercle and the tendon of the adductor magnus insertion, the transducer is positioned sagittally 

over the femoral medial epicondyle. 

The target for the SMGN injection is the osseous cortex 1 cm anterior to the apex of the adductor tubercle (Fig. 3). 

To evaluate the medial collateral ligament, the transducer is positioned sagittally over the tibial medial epicondyle. 
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Fig. (3): (a) Transverse ultrasound image of the knee at the level of the femoral medial epicondyle. Superior medial genicular 

nerve (thick arrow) and the corresponding artery (thin arrow) were visualized. (b) The needle (arrows) was placed to the 

bony cortex 1 cm anterior to the peak of the adductor tubercle for the superior medial genicular nerve (Kesikburun et al., 

2016). 

The transducer is thereafter positioned distally at the tibial insertion site of the medial collateral ligament, targeting the bony 

cortex situated midway between the initial fibers of the medial collateral ligament affixed to the tibia and the apex of the 

tibial medial epicondyle. (Fig. 4). 

 

Fig. (4): (a) knee ultrasound image taken longitudinally at the tibial medial epicondyle level. Power Doppler was used to 

visualize the inferior medial genicular nerve (thick arrow) and the artery that is connected to it (thin arrow). (b) For the 

inferior medial genicular nerve, The needle (arrows) was positioned at the bony cortex midway between the apex of the tibial 

medial epicondyle (square) and the initial fibers of the medial collateral ligament (star) that attach to the tibia. (Kesikburun 

et al., 2016). 

Pulsed Radiofrequency (RF) Procedure  

A 22-gauge, 10-cm-long RF cannula (NeuroTherm) is introduced into predetermined target sites until the bone is touched 

by the needle.. 

The RF probe is oriented perpendicular to the nerve's expected length. 

Stimulation and Sensory Testing: 

 Sensorial Stimulation: A stimulation frequency of 50 Hz is utilized, with a threshold set at less than 0.6 V. 

Patients are encouraged to communicate any sensations of tingling, pain, or discomfort within the knee area. 

(Abo Elfadl et al., 2024). 

 Motor Stimulation: To make sure there is no fasciculation, a 2.0 V motor stimulation is administered at a 

frequency of 2 Hz. 

 (Khaskheli et al.). 

Two milliliters of 1% lidocaine are given before the RF generator is started, and then the SMG and IMG nerves receive two 

120-second pulsed radiofrequency treatments at 42°C. It takes eight minutes to complete the entire procedure for a single 

knee (Heskamp et al., 2024). 

Outcomes 

This preliminary report examines the effectiveness of Gingular nerve pulsed radiofrequency guided by ultrasound in 

managing Knee discomfort associated with osteoarthritis. Significant pain relief and improved function were observed over 

three months. RF generates heat-induced lesions in target nerves and has been widely used for chronic pain conditions, 

including knee osteoarthritis (Choi et al., 2011). 

Studies have demonstrated pain reduction with RF genicular neurotomy, particularly for end-stage osteoarthritis patients. 

While conventional RF typically targets the superomedial, superolateral, and inferomedial genicular nerves, this study 

focuses on the superomedial and inferomedial nerves, which are strongly associated with medial compartment osteoarthritis 

(Egeler et al., 2013). 

Research supports RF’s effectiveness in knee pain management, including post-total knee replacement cases. Ultrasound 

guidance enhances accuracy by visualizing neurovascular structures, with studies confirming its utility in identifying 
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genicular nerves and guiding RF procedures (Vas et al., 2014; Protzman et al., 2014). 

1. Intra-Articular Botulinum Toxin Injection (IABoNTA):  

Botulinum neurotoxin (BoNT), a naturally occurring bacterial toxin, can cause severe illness when ingested in large amounts 

through contaminated food. However, in medical applications, it is precisely measured in units, with therapeutic doses 

typically below 400 units, compared to the millions of units found in contaminated food (Corsalini et al., 2021). 

Among the nine BoNT subtypes, only types A and B are utilized in medicine because of their extended effects. Type A 

formulations is approved by FDA- include Botox, Xeomin, Dysport, Jeuveau (cosmetic use only), and Daxxify, while 

Myobloc is the only FDA-approved type B toxin. Unit conversion varies across formulations, with approximations such as 

1 unit of Botox is approximately equivalent to 1 unit of Xeomin, 2.5 to 3 units of Dysport, and 40 to 50 units of Myobloc. 

(Jabbari et al., 2024). 

BoNT is administered via injection into muscles or skin, where it reaches nerve endings at neuromuscular junctions. The 

toxin’s light chain inhibits neurotransmitter release, preventing nerve signals from activating muscles. Additionally, it blocks 

sensory transmitters involved in pain perception, making it a valuable treatment for pain-related conditions, including joint 

and bone disorders (Jabbari et al., 2024). 

A 450,000 Dalton protein with an inactive excipient tail is the therapeutic botulinum toxin component. Once the tail is 

removed, it separates into botulinum neurotoxin and nontoxic proteins. Upon injection, the toxin binds to cholinergic nerve 

terminals, where its light chain enters the cell membrane and inhibits acetylcholine release by preventing vesicular transport. 

This binding is temporary, allowing receptors to regain function once the toxin dissociates. In skeletal muscle, peak effects 

occur around two and half weeks, whereas in glandular or autonomic tissues, effects may last up to 9 months (Goitom et al., 

2024). 

 

Fig (5): BoNT-A's mechanism of action. The BoNT-A light chain, which is joined by a disulfide bond, is shown in yellow, 

and the heavy chain is shown in green. Red dots within represent acetylcholine, the neurotransmitter that BoNT-A inhibits.. 

(Goitom et al., 2024) 

Potential mechanisms of botulinum toxin as an analgesic 

BoNT/A is a promising option for pain management with minimal adverse effects, except for antigenic responses. It affects 

the PNS directly and the CNS indirectly. In the PNS, BoNT/A disrupts sensory neuron function by inhibiting receptor 

expression and neurotransmitter release, including SP, glutamate, and CGRP. This prevents neurogenic inflammation and 

nociceptive transmission (Luvisetto et al., 2022). In the CNS, BoNT/A deactivates signaling molecules and modulates 

purinergic transmission, reducing pain signaling (Reyes-Long et al., 2021). 

https://link.springer.com/chapter/10.1007/978-3-031-46217-7_46/figures/1
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One mechanism of pain modulation is blocking neurotransmitter release. By impairing SNARE-mediated exocytosis, 

BoNT/A prevents SP and CGRP release, reducing neurogenic inflammation. It also inhibits NK1r internalization in the dorsal 

horn, mitigating central pain transmission. Another mechanism involves disruption of receptor transfer, particularly TRPV1 

and TRPA1, which play roles in pain sensitization. BoNT/A also blocks receptor expression in primary afferent neurons and 

attenuates the increase in the mRNA levels of NOS1, prodynorphin, and prepronociceptin , highlighting its role in chemical 

transduction (Moreau et al., 2022). 

BoNT/A indirectly desensitizes nociceptors by inhibiting acetylcholine release at neuromuscular junctions, reducing 

myofascial trigger point formation and ischemia-induced sensitization. It may also exert effects on the CNS through 

retrograde transport, altering c-fos expression and purinergic signaling. Immunodetection studies confirm BoNT/A's 

presence in the spinal cord after peripheral administration, indicating its dual action at peripheral and central levels 

(Antonucci & Bozzi, 2023). 

Additionally, BoNT/A interacts with glial cells, which influence pain processing. By cleaving SNAP-25 and SNAP-23 in 

satellite glial cells (SGCs), it inhibits glutamate release, modulating sensory ganglia activity. BoNT/A also exerts anti-

inflammatory effects by inhibiting NF-kB, P38, and ERK1/2 activation in microglia and interacting with TLR2, reducing 

neuroinflammation (Luvisetto, 2022). 

Treatment of Osteoarthritis (OA) with Botulinum Toxin 

Botulinum Toxin is considered a novel therapy which is still under investigation to be implied as treatment modality in OA. 

Botulinum toxin (BoNT) injections have been explored as a management of osteoarthritis (OA) pain owing to the limited 

effectiveness of standard medical treatment and patients' hesitance to pursue surgical interventions. BoNT inhibits pain 

transmitter release, and early studies demonstrated its analgesic effects in animal models. Mahowald et al. (2006) first 

reported its efficacy in humans, showing pain relief after intra-articular (IA) injection in shoulder and limb joints. A 2010 

study found Botox superior to placebo in knee OA patients. In a larger, blinded, placebo-controlled study of 121 patients, 

Botox significantly improved pain, quality of life, and disability, with no major side effects (Arendt-Nielsen et al., 2017). A 

review confirmed BoNT’s safety in OA treatment (Jabbari et al., 2024). 

However, a more recent placebo-controlled study of 158 patients found no difference between BoNT and saline injections. 

This study's validity is questionable due to the use of an unvalidated pain scale and a strong placebo response (McAlindon 

et al., 2018). Comparative studies have also been conducted: BoNT combined with triamcinolone provided superior pain 

relief compared to steroids alone (Shukla et al., 2018); BoNT plus exercise was more effective than hyaluronate (Xiao et al., 

2018); and BoNT alone was comparable to steroids in knee OA, though steroids provided faster relief (Mendes et al., 2019). 

Unlike steroids, BoNT does not cause cartilage degeneration or metabolic side effects. A meta-analysis of seven studies with 

548 patients concluded BoNT effectively relieves knee OA pain and called for more high-quality research (C. Wang et al., 

2023). 

Research on IA BoNT for other joints remains limited. A study indicated that nine shoulder joints experienced functional 

enhancement and reduced pain. A systematic review on ankle OA found insufficient evidence for clinical benefit from BoNT, 

hyaluronate, or plasma-rich protein (Paget et al., 2023). Preliminary data suggest Dysport (400 units) may alleviate hip OA 

pain, but placebo-controlled trials are needed (Eleopra et al., 2018). 

REFERENCES 

[1] Abo Elfadl GM, Osman AM, Elmasry YAE, Abdelraheem SS, Hassanien M. (2024). Effect of pulsed 

radiofrequency to the suprascapular nerve (SSN) in treating frozen shoulder pain: a randomized controlled trial. 

Journal of Perioperative Practice, 35(1): 1-2. Doi: 10.1177/17504589241235768. 

[2] Alkady EA, Selim ZI, Abdelaziz MM, El-Hafeez FA. (2023). Epidemiology and socioeconomic burden of 

osteoarthritis. J Curr Med Res Pract, 8(1):7-11. Doi: 10.4103/JCMRP.JCMRP_99_19. 

[3] Antonucci F, Bozzi Y. (2023). Action of botulinum neurotoxin E type in experimental epilepsies. Toxins, 15(9): 

550-572. doi: 10.3390/toxins15090550. 

[4] Arendt-Nielsen L, Jiang GL, DeGryse R, Turkel CC. (2017). Intra-articular onabotulinumtoxinA in 

osteoarthritis knee pain: effect on human mechanistic pain biomarkers and clinical pain. Scandinavian Journal 

of Rheumatology, 46(4): 303-316. Doi: 10.1080/03009742.2016.1203988. 

[5] Arican Ş, Hacibeyoğlu G, Akkoyun Sert Ö, Tuncer Uzun S, Reisli R. (2020). Fluoroscopy-guided genicular 

nerves pulsed radiofrequency for chronic knee pain treatment, 32(1):38–43. doi: 10.14744/agri.2019.16779. 

[6] Asofsky DL. (2020). Osteoarthritis of the hip. (Doctoral dissertation, University of Zagreb, School of Medicine, 

Department of Physical Medicine and General Rehabilitation), 1(1): 1-36. Doi: 10.1302/0301-620X.40B1.123. 

[7] Berteau JP. (2022). Knee pain from osteoarthritis: pathogenesis, risk factors, and recent evidence on physical 

therapy interventions. J Clin Med, 11(12):1-12. Doi: 10.3390/jcm11123252. 



Mohamed Ragab Fahim Fandy, Mohamed Hussein Hamada, Elsayed Said, Gad Said Gad 

Abdelgalel, Mohamed Abdelrahman Soliman 
 

pg. 1129 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 15s 

 

[8] Cerqueni G. (2021). In vitro strategies and development of bioengineered approaches for studying age-related 

osteochondral diseases, 1(1): 1-100.  

[9] Cheung EC, DiLallo M, Feeley BT, Lansdown DA. (2020). Osteoarthritis and ACL reconstruction—myths and 

risks. Curr Rev Musculoskelet Med, 13(1): 115-122. Doi: 10.1007/s12178-019-09596-w. 

[10] Choi WJ, Hwang SJ, Song JG, Leem JG, Kang YU, Park PH, et al. (2011). Radiofrequency treatment relieves 

chronic knee osteoarthritis pain: a double-blind randomized controlled trial. Pain, 152(3): 481-487. Doi: 

10.1016/j.pain.2010.09.029. 

[11] Corsalini M, Inchingolo F, Dipalma G, Wegierska AE, Charitos IA, Potenza MA, et al. (2021). Botulinum 

neurotoxins (BoNTs) and their biological, pharmacological, and toxicological issues: a scoping review. Applied 

Sciences, 11(19): 1-14. Doi: 10.3390/app11198849. 

[12] de Brito Fontana H, Herzog W. (2021). The role of muscles in knee joint osteoarthritis. Sports Orthop 

Traumatol, 37(2):85-100. Doi: 10.1016/j.orthtr.2021.02.005. 

[13] Egeler C, Jayakumar A, Ford S. (2013). Motor-sparing knee block-description of a new technique. Anaesthesia, 

68(5): 1-2. Doi: 10.1111/anae.12233. 

[14] El Said AMA, AbdelKareem MI, Zaky KAE, Abd Elrady ER (2022). The Frequency and Risk Factors of 

Primary Knee OA in Qena Governorate patients. SVU-International Journal of Medical Sciences, 5(2), 289-

298. Doi: 10.21608/svuijm.2022.123467.1283. 

[15] Eleopra R, Rinaldo S, Lettieri C, Santamato A, Bortolotti P, Lentino C, et al. (2018). AbobotulinumtoxinA: a 

new therapy for hip osteoarthritis. A prospective randomized double-blind multicenter study. Toxins, 10(11): 

448-458. Doi: 10.3390/toxins10110448. 

[16] Epskamp S, Dibley H, Ray E, Bond N, White J, Wilkinson A, et al. (2020). Range of motion as an outcome 

measure for knee osteoarthritis interventions in clinical trials: an integrated review. Phys Ther Rev, 25(5-6):462-

481. Doi: 10.1080/10833196.2020.1867393. 

[17] Fang H, Huang L, Welch I, Norley C, Holdsworth DW, Beier F, et al. (2018). Early changes of articular cartilage 

and subchondral bone in the DMM mouse model of osteoarthritis. Sci Rep, 8(1): 1-9. Doi: 10.1038/s41598-

018-19251-y. 

[18] Felson DT. (1990). The epidemiology of knee osteoarthritis: results from the Framingham Osteoarthritis Study. 

Semin Arthritis Rheum, 1(1): 42-50. Doi: 10.1016/0049-0172(90)90046-I. 

[19] Fernández-Martín S, González-Cantalapiedra A, Muñoz F, García-González M, Permuy M, López-Peña M, et 

al. (2021). Glucosamine and chondroitin sulfate: is there any scientific evidence for their effectiveness as 

disease-modifying drugs in knee osteoarthritis preclinical studies?—A systematic review from 2000 to 2021. 

Animals, 11(6): 1-6. Doi: 10.3390/ani11061608. 

[20] Gherghel R, Iordan DA, Mocanu MD, Onu A, Onu I. (2021). Osteoarthritis is not a disease, but rather an 

accumulation of predisposing factors. A systematic review. Balneo PRM Res J, 12(3): 218–226.  

[21] Ghosh P, Kohan L. (2022). Genicular nerves blocks. Bedside Pain Manag Interv. Cham: Springer Int 

Publishing, 757-763. Doi: 10.1007/978-3-031-11188-4_71. 

[22] Goitom B, Kang H, Gritsenko K, Aquino M. (2024). Botulinum toxin injections for chronic pain. Essentials of 

Interventional Techniques in Managing Chronic Pain. Cham: Springer International Publishing, 901-906. Doi: 

10.1007/978-3-031-46217-7_46. 

[23] Hassan MMM. Abdelkreem MI, Mahmoud HEM, Mohammed AM. (2022). Cardiovascular risk factors and 

metabolic syndrome in patients with knee osteoarthritis. SVU-International Journal of Medical Sciences, 5(1), 

343-349. Doi: 10.21608/svuijm.2022.118452.1269. 

[24] Heskamp L, Birkbeck MG, Baxter‐Beard D, Hall J, Schofield IS, Elameer M, et al. (2024). Motor unit magnetic 

resonance imaging (MUMRI) in skeletal muscle. Journal of Magnetic Resonance Imaging, 191): 1-19. Doi: 

10.1002/jmri.29218. 

[25] Hsu H, Siwiec RM. (2018). Knee osteoarthritis. 

[26] Hu Y, Chen X, Wang S, Jing Y, Su JJ. (2021). Subchondral bone microenvironment in osteoarthritis and pain. 

Biomed Res, 9(1):20-33. Doi: 10.1038/s41413-021-00147-z. 

[27] Huffman KF, Ambrose KR, Nelson AE, Allen KD, Golightly YM, Callahan LF, et al. (2024). The critical role 

of physical activity and weight management in knee and hip osteoarthritis: a narrative review. J Rheumatol, 

51(3):224-233. Doi: 10.3899/jrheum.2023-0819. 

[28] Jabbari B. (2024). The role of botulinum toxin therapy in joint and bone problems. Botulinum Toxin Treatment: 

What Everyone Should Know, Cham: Springer International Publishing, 195-210. Doi: 10.1007/978-3-031-



Mohamed Ragab Fahim Fandy, Mohamed Hussein Hamada, Elsayed Said, Gad Said Gad 

Abdelgalel, Mohamed Abdelrahman Soliman 
 

pg. 1130 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 15s 

 

54471-2_12. 

[29] Karm MH, Kwon HJ, Kim CS, Kim DH, Shin JW, Choi SS, et al. (2024). Cooled radiofrequency ablation of 

genicular nerves for knee osteoarthritis. The Korean Journal of Pain, 37(1): 13-25. Doi: 10.3344/kjp.23344. 

[30] Kesikburun S, Yasar E, Uran A, Adiguzel E, Yilmaz B. (2016). Ultrasound-guided genicular nerve pulsed 

radiofrequency treatment for painful knee osteoarthritis: a preliminary report. Pain Physician, 19(5): E751- 

E759.  

[31] Khaskheli MS, Tabassum R, Awan AH, Naeem M, Akhund A, Langah AI, et al. (2024). Fluoroscopy-guided 

genicular nerve radiofrequency ablation for refractory knee osteoarthritis: three months outcome, 1(1): 1-5. Doi: 

10.22442/jlumhs.2024.01161. 

[32] Kok HP, Cressman EN, Ceelen W, Brace CL, Ivkov R, Grüll H, et al. (2020). Heating technology for malignant 

tumors: a review. International Journal of Hyperthermia, 37(1): 711-741. Doi: 

10.1080/02656736.2020.1779357. 

[33] Komarraju A, Goldberg-Stein S, Pederson R, McCrum C, Chhabra A. (2020). Spectrum of common and 

uncommon causes of knee joint hyaline cartilage degeneration and their key imaging features. Eur J Radiol, 

129(1):1-42. Doi: 10.1016/j.ejrad.2020.109097. 

[34] Kose SG, Kose HC, Tulgar S, Akkaya OT. (2022). B398 The revised targeted genicular nerve block technique  

for pain and function in knee osteoarthritis. Regional Anesthesia & Pain Medicine, 47(1):A1–A315. Doi: 

10.1136/rapm-2022-ESRA.474. 

[35] Lash D, Frantz E, Hurdle MF. (2020). Ultrasound-guided cooled radiofrequency ablation of the genicular 

nerves: a technique paper. Pain Management, 10(3): 147-157. Doi: 10.2217/pmt-2019-0067. 

[36] Lee SJ. (2021). Radiographic findings of knee osteoarthritis. A Strategic Approach to Knee Arthritis Treatment: 

From Non-Pharmacologic Management to Surgery, 91-109. Doi: 10.1007/978-981-16-4217-3_6. 

[37] Luvisetto S. (2022). Botulinum neurotoxins beyond neurons: interplay with glial cells. Toxins, 14(10): 704-

716. Doi: 10.3390/toxins14100704. 

[38] Machado GC, Abdel-Shaheed C, Underwood M, Day RO. (2021). Non-steroidal anti-inflammatory drugs 

(NSAIDs) for musculoskeletal pain. BMJ, 372(1): 1-6. Doi: 10.1136/bmj.n104. 

[39] Mahmoud HS, Arafat S, Zaky S, Bazeed SES. (2021). Microwave ablation versus Radiofrequency ablation in 

the management of Hepatocellular carcinoma. SVU-International Journal of Medical Sciences, 4(2), 286-292. 

Doi: 10.21608/svuijm.2021.89036.1202. 

[40] Mahowald ML, Singh JA, Dykstra D. (2006). Long-term effects of intra-articular botulinum toxin A for 

refractory joint pain. Neurotoxicity Research, 9(1): 179-188.  

[41] Martel-Pelletier J, Maheu E, Pelletier JP, Alekseeva L, Mkinsi O, Branco J, et al. (2019). A new decision tree 

for diagnosis of osteoarthritis in primary care: international consensus of experts. Aging Clin Exp Res, 31(1): 

19-30. Doi: 10.1007/s40520-018-1077-8. 

[42] McAlindon TE, Schmidt U, Bugarin D, Abrams S, Geib T, DeGryse RE, et al. (2018). Efficacy and safety of 

single-dose onabotulinumtoxinA in the treatment of symptoms of osteoarthritis of the knee: results of a placebo-

controlled, double-blind study. Osteoarthritis and Cartilage, 26(10): 1291-1299. Doi: 

10.1016/j.joca.2018.05.001. 

[43] Mendes JG, Natour J, Nunes-Tamashiro JC, Toffolo SR, Rosenfeld A, Furtado RNV, et al. (2019). Comparison 

between intra-articular botulinum toxin type A, corticosteroid, and saline in knee osteoarthritis: a randomized 

controlled trial. Clinical Rehabilitation, 33(6): 1015-1026. Doi: 10.1177/0269215519827996. 

[44] Mochoge D. (2022). The association between medial compartment osteoarthritis of the knee and foot posture 

characteristics among patients attending Kenyatta National Hospital, Nairobi. (Doctoral dissertation, University 

of Nairobi), 1-75.  

[45] Moreau N, Korai SA, Sepe G, Panetsos F, Papa M, Cirillo G, et al. (2022). Peripheral and central 

neurobiological effects of botulinum toxin A (BoNT/A) in neuropathic pain: a systematic review. Pain, 165(8):p 

1674-1688. Doi: 10.1097/j.pain.0000000000003204. 

[46] Paget LD, Mokkenstorm MJ, Tol JL, Kerkhoffs GM, Reurink G. (2022). What is the efficacy of intra-articular 

injections in the treatment of ankle osteoarthritis? A systematic review. Clinical Orthopaedics and Related 

Research, 481(9):p 1813-1824. Doi: 10.1097/CORR.0000000000002624. 

[47] Primorac D, Molnar V, Rod E, Jeleč Ž, Čukelj F, Matišić V, et al. (2020). Knee osteoarthritis: a review of 

pathogenesis and state-of-the-art non-operative therapeutic considerations. Genes, 11(8): 1-35. Doi: 

10.3390/genes11080854. 



Mohamed Ragab Fahim Fandy, Mohamed Hussein Hamada, Elsayed Said, Gad Said Gad 

Abdelgalel, Mohamed Abdelrahman Soliman 
 

pg. 1131 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 15s 

 

[48] Protzman NM, Gyi J, Malhotra AD, Kooch JE. (2014). Examining the feasibility of radiofrequency treatment 

for chronic knee pain after total knee arthroplasty. PM&R, 6(4): 373-376. Doi: 10.1016/j.pmrj.2013.10.003. 

[49] Ragab AR, Hegab S, Elnemr R, Abdel-Kerim A. (2021). Intra-articular corticosteroid injection and genicular 

nerve block under ultrasound guidance in pain control of knee osteoarthritis. Egypt J Radiol Nucl Med, 52(1):1-

7. Doi: 10.1186/s43055-021-00577-z. 

[50] Reyes-Long S, Alfaro-Rodríguez A, Cortes-Altamirano JL, Lara-Padilla E, Herrera-Maria E, Romero-Morelos 

P, et al. (2021). The mechanisms of action of botulinum toxin type A in nociceptive and neuropathic pathways 

in cancer pain. Current Medicinal Chemistry, 28(15): 2996-3009. Doi: 10.2174/0929867327666200806105024. 

[51] Rodríguez-Merchán EC, Delgado-Martínez AD, De Andrés-Ares J. (2023). Upper limb and lower limb 

radiofrequency treatments in orthopaedics. EFORT Open Reviews, 8(6): 424-435. Doi: 10.1530/EOR-22-0127. 

[52] Russell M. (2022). Biomechanical differences between young adults with and without a history of youth sport-

related ankle injury, 1-146. Doi: 10.11575/PRISM/40359. 

[53] Said E, Mosallam KH, Maala AM, Amin MF. (2023). Correction of Coronal Deformities in Pediatric Knees: 

Guided Growth by 8 plate Versus Corrective Osteotomy. SVU-International Journal of Medical Sciences, 6(1), 

351-358. Doi: 10.21608/svuijm.2022.160181.1402. 

[54] Sharma L. (2021). Osteoarthritis of the knee. N Engl J Med, 384(1):51-59. Doi: 10.1056/NEJMcp1903768. 

[55] Shukla D, Sreedhar SK, Rastogi V. (2018). A comparative study of botulinum toxin A with triamcinolone 

compared to triamcinolone alone in the treatment of osteoarthritis of the knee. Anesthesia Essays and 

Researches, 12(1): 47-49. Doi: 10.4103/aer.AER_210_17. 

[56] Sobieh BH, El-Mesallamy HO, Kassem DH. (2023). Beyond mechanical loading: the metabolic contribution 

of obesity in osteoarthritis unveils novel therapeutic targets. Heliyon, 9(5): 1-15. Doi: 

10.1016/j.heliyon.2023.e15700. 

[57] Tariq T, Suhail Z, Nawaz Z. (2024). A review for automated classification of knee osteoarthritis using KL 

grading scheme for X-rays. Biomed Eng Lett, 15(1): 1-35. Doi: 10.1007/s13534-024-00437-5. 

[58] Vahedifard F, Malinowski M, Chakravarthy K. (2021). Mechanism of action of radiofrequency ablation. 

Essentials of Radiofrequency Ablation of the Spine and Joints, 7-29. Doi: 10.1007/978-3-030-78032-6_2. 

[59] Valentine KA (Ed.). (2023). General Orthopedics, An Issue of Physician Assistant Clinics, E-Book. Elsevier 

Health Sciences, 1-149. 

[60] Vanneste B, Tomlinson J, Desmet M, Krol A. (2019). Feasibility of an ultrasound-guided approach to 

radiofrequency ablation of the superolateral, superomedial, and inferomedial genicular nerves: a cadaveric 

study. Regional Anesthesia & Pain Medicine, 44(10): 966-970. Doi: 10.1136/rapm-2019-100381. 

[61] Vas L, Pai R, Khandagale N, Pattnaik M. (2014). Pulsed radiofrequency of the composite nerve supply to the 

knee joint as a new technique for relieving osteoarthritic pain: a preliminary report. Pain Physician, 17(6): 1-

14.  

[62] Wang C, Zhao J, Gao F, Jia M, Hu L, Gao C, et al. (2023). The efficacy and safety of intra-articular botulinum 

toxin type A injection for knee osteoarthritis: a meta‐analysis of randomized controlled trials. Toxicon, 224(1): 

1-6. Doi: 10.1016/j.toxicon.2023.107026. 

[63] Xiao BAO, Jie-Wen TAN, Flyzik M, Xian-Cong MA, Howe LIU, Hui-Yu LIU, et al. (2018). Effect of 

therapeutic exercise on knee osteoarthritis after intra-articular injection of botulinum toxin type A, hyaluronate, 

or saline: a randomized controlled trial. Journal of Rehabilitation Medicine (Stiftelsen 

Rehabiliteringsinformation), 50(6): 1-8. Doi: 10.2340/16501977-2340. 

[64] Yilmaz V, Umay E, Gundogdu I, Aras B. (2021). The comparison of efficacy of single intraarticular steroid 

injection versus the combination of genicular nerve block and intraarticular steroid injection in patients with 

knee osteoarthritis: a randomised study. Musculoskelet Surg, 105(1): 89-96. Doi: 10.1007/s12306-019-00633-

y. 

[65] Zaid MB, Barry J. (2022). Radiographic analysis of knee arthritis. Essent Cemented Knee Arthroplasty, 111-

122. Doi: 10.1007/978-3-662-63113-3_11. 

[66] Zaki NA, Saleem TH, Said E, Hassan MH. (2020). Evidence of contributory role of inflammation in patients 

with knee osteoarthritis. SVU-International Journal of Medical Sciences, 3(1), 1-6. Doi: 

10.21608/svuijm.2020.123716. 

 
 


