[bookmark: _GoBack]Case report

Ultrasound-guided geniculate nerve block in combination with intra-articular morphine injection for chronic knee pain secondary to patellar fracture: A case report
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ABSTRACT 

	Background: Patellar fractures represent approximately 1% of all skeletal fractures, with a peak in young adults due to high-energy trauma and another in older adults due to bone fragility. Patients typically present with pain, joint effusion, and a palpable separation of the patella or extensor mechanism insufficiency, resulting in the inability to perform a straight leg raise.
Aims: Chronic knee pain following patellar fractures presents a therapeutic challenge when it persists despite conservative management.
Case presentation: It is present a case of a patient with refractory chronic pain following a patellar fracture and concomitant posterior cruciate ligament (PCL) injury, successfully treated with ultrasound-guided geniculate nerve blocks (superomedial, superolateral, and inferomedial) combined with intra-articular morphine injection. The relevant anatomy, ultrasound approach, and clinical course are described.
Conclusion: This case supports the combined use of minimally invasive interventional techniques as an alternative for chronic post-traumatic knee pain.
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1. INTRODUCTION 

1.1 Definition and Epidemiology
“The patella is the largest sesamoid bone in the body and is essential for the biomechanics of knee extension, increasing the leverage arm of the quadriceps and protecting the femorotibial joint. Patellar fractures represent approximately 1% of all skeletal fractures, with a peak in young adults due to high-energy trauma and another in older adults due to bone fragility. Patients typically present with pain, joint effusion, and a palpable separation of the patella or extensor mechanism insufficiency, resulting in the inability to perform a straight leg raise” (Baid, Narula, Manara, & Blakeney, 2024).
1.2 Anatomy and Function
“The patella is the largest sesamoid bone in the human body; that is, it is a bone embedded within a tendon, specifically the patellar tendon. The patella has several important functions, such as protecting the knee joint; and protecting the femoral condyles from direct trauma. It increases the mechanical resistance and leverage of the quadriceps tendon. It promotes the nutrition of the articular surface of the femur. It has an aesthetic function. The occurrence of certain fractures in this anatomical area can alter the functions mentioned above. The patella has a rounded triangular structure and seven articular facets; the lateral facet is the largest and represents almost 50% of the articular surface. The articular cartilage is usually up to 1 cm thick. The quadriceps tendon inserts into the superior aspect of the patella, and the patellar ligament into the inferior aspect. The medial and lateral extensor retinaculum support the longitudinal extensions of the quadriceps. If they are not affected by a patellar fracture, knee extension can be performed. Vascularization comes from the genicular arteries, which form a circumferential anastomotic network around the patella” (Coello-García, Campoverde-Campoverde, Idrovo-Idrovo, Tulcanaza-Ochoa, Yanza-Crespo, León-Cajamarca, Sandoval-Méndez, & Muñoz-Maldonado, 2023).
1.3 Genicular Nerves
“Despite the lack of consensus regarding their nerve origin, the distal pathways of the genicular nerves and the regions they innervate are relatively consistent. There are five genicular nerves that can be demonstrated sonography, including the superomedial, superolateral, inferomedial, inferolateral, and recurrent peroneal nerves, as opposed to the infrapatellar branch of the saphenous nerve. The genicular nerves follow the genicular arteries, and due to the small size of the nerves, the arteries serve as convenient sonographic landmarks for identifying them” (Kolakkanni, Gonnade, Gaur, Nayyar, Ghuleliya,  & Abbins, 2023). The arterial supply to the knee is often diverse, with variations in arterial origins and courses, as are the nerves.
“Commonly, there are six genicular arteries that merge to form a network of collateral circulation around the knee called the genicular anastomosis. Five of the genicular arteries arise from the popliteal artery, and one arises more proximally from the femoral artery: the descending genicular artery (DGA). The DGA gives rise to articular and saphenous arterial branches. The five genicular arteries arising from the popliteal artery include the superomedial, superolateral, middle, inferomedial, and inferolateral genicular arteries. There is also an arterial contribution to the knee from the anterior tibial artery (ATA), via the anterior tibial recurrent artery” (Fenech, Boyle, & Roche, 2024). 

1.4 Mechanism of Injury
Patellar fractures frequently occur after falls onto the knee, blows, and sudden, unexpected muscle strains. The mechanisms of injury are usually direct, indirect, or mixed (Baid, et al., 2024).
1.5 Diagnosis and Clinical Presentation
“Diagnosis is based on clinical examination and imaging studies, where radiographs, computed tomography, and magnetic resonance imaging are essential to characterise the fracture pattern and guide treatment. Persistent post-traumatic pain is common, especially when ligamentous injuries or patellar tracking abnormalities are present” (Baid, Narula, Manara, & Blakeney, 2024).
“Chronic knee pain is a frequent reason for seeking medical attention, mainly attributed to osteoarthritis, patellofemoral pain syndrome (PFPS), and meniscal tears. Patellofemoral pain, particularly relevant in post-traumatic cases, is related to increased intraosseous pressure and abnormal joint loading. Patellofemoral pain presents as generalised, gradually developing pain in the anterior aspect of the knee, which worsens with weight-bearing on the flexed knee (e.g., climbing stairs). Pain is rarely present when the patellofemoral joint is not under load (e.g., sitting)”  (Duong, Oo, Ding, Culvenor, & Hunter, 2023). 
There is no definitive clinical test to diagnose patellofemoral pain syndrome (PFPS); it is a diagnosis of exclusion after ruling out other intra-articular and peripatellar pathologies. Differential diagnoses for PFPS include patellar tendinopathy, patellar subluxation, Osgood-Schlatter disease, or systemic rheumatic diseases.
“Imaging tests, such as radiographs or ultrasound, are not required to initially diagnose PFPS, but they can help identify alternative causes of pain (e.g., magnetic resonance imaging [MRI] for osteochondral lesions, ultrasound for tendinopathies) only when there is no response to treatment (Osuala, et al., 2024) (Kolakkanni, Gonnade, Gaur, Nayyar, Ghuleliya,  & Abbins, 2023). Ultrasound is sensitive (85%) and specific (100%)” (Duong, et al., 2023). 
1.5 Interventional Techniques for Pain Management:
1.5.1 Genicular Nerve Blocks
“In recent years, interventional management has gained relevance, especially genicular nerve blocks under ultrasound guidance. The geniculate nerves—superomedial, superolateral, inferomedial, inferolateral, and recurrent peroneal—accompany the genicular arteries, which facilitates their localization on ultrasound even with diameters as small as 0.5–1.5 mm. Their blockade has proven effective in reducing joint pain in osteoarthritis and postoperative pain” (Adamiak, Inkpen, & Bardi, 2022).
“Superomedial geniculate nerve (SMGN): This is the largest and most substantial of the geniculate nerves. It arises from a branch of the femoral nerve, the nerve to the vastus medialis (NVM). Distally, it runs with the superomedial genicular artery (SMGA). In the distal medial portion of the thigh, superior to the medial femoral condyle, the SMGN runs deep to the adductor magnus tendon, just proximal to the tendon's insertion at the adductor tubercle. The SMGN ​​then runs anteriorly, passing deep to the vastus medialis muscle, superior to the proximal origin of the medial collateral ligament (MCL). Posteriorly, it runs anteroinferiorly to innervate the medial patellar retinaculum and the medial joint capsule of the knee” (Fenech, Boyle, & Roche, 2024). “To visualize the SMGN, the patient is placed supine with the knee flexed and the leg externally rotated. The SMGN ​​is most easily identified sonographically in the short-axis view. This is achieved by placing the transducer over the distal femoral shaft, proximal to the medial epicondyle. The transducer orientation for obtaining short-axis images of the nerve and vessels may vary depending on the patient's height and the degree of knee flexion. The superior genicular nerve (SGN) is located immediately adjacent to the medial genicular nerve (MGN). After correct localization of these structures in the short axis, the transducer can be rotated 90° to obtain long-axis images of the nerve” (Fenech, Boyle, & Roche, 2024). 
Both the SGN and the infrapatellar saphenous nerve (IPSN) contribute to sensation in the medial knee joint region, making them prime targets for interventional procedures aimed at relieving chronic medial knee pain. The IPBSN can be identified by its relative anatomy and is not as closely associated with the MGN (Fenech, Boyle, & Roche, 2024).
Superolateral genicular nerve. The origin of the SGN is variably described; it is commonly reported to arise from the vastus lateralis nerve (VLN), a branch of the femoral nerve. Its origin from the sciatic nerve has also been identified in cadaveric studies. Distally, it accompanies the superolateral genicular artery (SLGA), running deep to the distal tendon of the biceps femoris.3 More distally and anteriorly, it may be located between the vastus lateralis muscle and the lateral femoral condyle. The SLGA innervates the superolateral aspect of the tibiofemoral joint capsule (Coello-García, et al., 2023).

To sonographically localise the superolateral genicular nerve (SLGN), the transducer is placed along the long axis of the distal lateral portion of the thigh to obtain short-axis images of this nerve. The superolateral genicular artery (SLGA) and SLGN can be identified underlying the deep border of the myotendinous junction of the vastus lateralis, overlying the distal lateral femur (Fenech, Boyle, & Roche, 2024)
1.5.2 Intra-articular knee infiltration.
Intra-articular steroid injections (Osuala et al., 2024). Commonly used agents include prednisolone, hydrocortisone, betamethasone acetate and betamethasone sodium phosphate, dexamethasone, methylprednisolone acetate, triamcinolone acetate, and triamcinolone hexacetonide. Corticosteroids provide relief by acting directly on nuclear steroid receptors, suppressing the release of inflammatory mediators, resulting in decreased synovitis and pain relief. Intra-articular morphine has been studied for its local analgesic effect, acting on peripheral opioid receptors activated in inflammatory processes.
“The most common ultrasound-guided approach for intra-articular knee injection is the superior anterolateral approach, in which the needle is placed in the joint fluid between the suprapatellar and prefemoral fat pads. A successful suprapatellar approach requires the ability to place a needle into a thin, anechoic space located obliquely between two isoechoic fat pads” (Adamiak, Inkpen, & Bardi, 2022). Accessing the joint space from the anterior aspect is relatively safe, as there are no significant neurovascular structures to avoid. With the patient supine and the knee fully extended, the injector stands or sits facing the medial aspect of the knee where the injection will be administered, and the ultrasound screen is positioned facing the lateral aspect of the same knee. This allows the injector to easily shift their view from the screen to the knee while performing the procedure. The ultrasound probe is positioned transversely to the patellar tendon, providing a short-axis view of the femoral condyles. With this configuration, the injector will "fire from medial to lateral through the femoral bed." With the "gull-wing" view visualized, advance the needle at a 20-40° angle toward the lateral femoral condyle (LFC), aiming between the patellar tendon and the medial femoral condyle. In healthy knees with minimal degenerative changes, the injected fluid flowing from the needle will displace Hoffa's fat pad from the cartilage interface. Occasionally, in degenerated knees, the injected fluid will flow into the Hoffa's fat pad space.
1.5.3 Complications

“This procedure has been well tolerated in our clinical experience and, due to its positioning, avoids structures that would be more susceptible to accidental injury. The main adverse effects observed are pain upon contact with Hoffa's fat pad due to its high innervation, bleeding from the inferior geniculate artery along the medial aspect of the tendon, damage to surrounding structures, and infection upon penetration of the joint space (low risk, reported at 0.037%)” (Adamiak, Inkpen, & Bardi, 2022). This report describes the combined application of both techniques in a patient with chronic knee pain secondary to a patellar fracture.

2. CASE PRESENTATION

A 31-year-old male with no significant past medical history, an aspirin allergy, occasional alcohol consumption, and no history of smoking. His BMI was 31.3 kg/m². He reported chronic pain in his right knee of one year's duration (since September 15, 2024) following a motorcycle accident with direct trauma. Associated injuries included a patellar fracture, posterior cruciate ligament injury, and ipsilateral rib fractures, all of which were resolved without sequelae.
The pain was described as oppressive and sharp, rated 8/10 in intensity, and exacerbated by walking, climbing stairs, and prolonged standing. He had experienced multiple episodes of joint effusion and severe functional limitations. He received conservative management with immobilization, physiotherapy, NSAIDs, paracetamol, tramadol, and a cycle of intra-articular steroids without improvement to date (November 4, 2025). On physical examination, he reported an antalgic gait, intense pain in the anterior region of the knee when squatting, pain on medial and lateral peripatellar palpation, a positive posterior drawer test, patellar crepitus, and a range of motion of 0–90° with limiting pain.
2.1 Imaging studies:
MRI: partial PCL tear, femoropatellar inflammatory changes, medial patellar hyperpressure, persistent patellar bone oedema. Incompletely healed fracture of the inferior pole of the patella with cortical irregularities (Figure 1).
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Figure 1 Magnetic Resonance of patella. A) and B) show proton density (PD) MRI scans in axial and sagittal views where the patellar cartilage is observed with a fissure spanning its entire thickness, without changes in signal intensity in the underlying bone; the dimensions of the fissure are 4 x 1.2 mm. C) and D) show proton density-weighted MRI scans with and without fat saturation, respectively; where an elongated posterior cruciate ligament is identified, with increased signal intensity, without evidence of discontinuity.
Given the debilitating pain and refractoriness to treatment, ultrasound-guided genicular nerve block plus intra-articular morphine injection was chosen as a combined analgesic strategy.
2.2 Procedure
November 4, 2025, the superomedial (SMGN), superolateral (SLGN), and inferomedial (IMGN) genicular nerves were blocked. Under linear ultrasound guidance (>15 MHz), each nerve adjacent to its corresponding genicular artery was identified. Two milliliters of 1% lidocaine and two milliliters of 0.25% bupivacaine were administered per site. Subsequently, via a superomedial approach, intra-articular infiltration was performed with 2.5 mg of morphine in 5 ml of saline solution. The procedure was uneventful (Figure 2).
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FIGURE 2. A) The ultrasound image shows the medial femoral condyle (thick arrow) as a hyperechoic line with posterior acoustic shadowing, with visualization of the articular cartilage as a superficial hypoechoic band (thin arrow). The anterior articular recess appears as an anechoic space delimited by the articular capsule (marked with a star). B), the needle is seen advancing in-plane into the intra-articular space, with proper positioning of the tip and anechoic dispersion of the injected material, confirming correct articular infiltration. C) and D) they show the distal femoral cortex as a hyperechoic line with posterior acoustic shadowing, identifying the periosteal plane as the anatomical reference for the block. The needle is visualized out-of-plane (marked with an asterisk), in the corresponding anatomical location of the supermedial and superolateral genicular nerves.
2.3 Evolution
November 5, 2025. the pain 3/10, improved gait. November 7, mobility 0–110°, decreased effusion. Re-evaluation at 7 days: pain 1–2/10, gait without limp, partial return to usual activities. 4 weeks later: Visual analog scale (VAS) for pain 0–1/10, resumed and tolerated daily activities, analgesics discontinued. 6 weeks post-procedure: persistent pain control with VAS 0/10, continuing with full return to usual activities, without requiring analgesic medication.
3. discussion

Recent advances in the study of patellar fractures and knee pain reflect a trend toward a more precise, minimally invasive, and evidence-based approach. Baid et al (2024) on the evolution of patellar fracture management and Coello-García's comprehensive review (Coello-García, et al., 2023), agree that an anatomical and biomechanical understanding of the patella is essential for selecting the appropriate treatment. Both contributions show that preserving the extensor mechanism and joint stability should remain therapeutic priorities, and that clinical decisions should be individualized according to the morphology of the injury and the patient's functional needs. A 2013 systematic review found that anterior knee pain during a squat was the most sensitive test for diagnosing patellofemoral pain syndrome (PFPS) (sensitivity 91% [95% CI, 79%–96%]; specificity 50% [95% CI, 31%–69%]) (Duong, et al., 2023).
In the field of knee pain, Duong et al.'s review (2023), underscores the importance of a comprehensive approach that considers both multidimensional pain assessment and the integration of conservative, pharmacological, and interventional therapies. These principles align with the increasing adoption of ultrasound as a fundamental tool. Choi et al. first described radiofrequency ablation (RFA) of the genicular nerves for knee pain in patients with osteoarthritis in 2011, under fluoroscopic guidance. They targeted the SMGN, the superolateral genicular nerve (SLGN), and the inferomedial genicular nerve (IMGN) (Choi, Hwang, Song, Leem, Kang, Park, & Shin, 2011). The sonographic description of the genicular nerves presented by Fenech, Boyle, & Roche, (2024) not only allows for a clearer understanding of the relevant anatomy but also provides technical support for more precise guided interventions.
Ultrasound has become a popular tool for guiding intra-articular procedures. It is more accurate than injections based on landmarks in the knee, regardless of the practitioner's experience or the severity of the patient's condition. (6,7)
“Intra-articular injections remain a mainstay of therapy in patients with refractory joint pain. The genicular nerves are small structures that can make them difficult to identify on ultrasound. A thorough understanding of relative anatomy, key sonographic anatomical landmarks around the knee, sonographic technique, and the normal sonographic appearance of the genicular nerves is required to diagnose nerve pathologies or injuries and to guide interventional procedures for pain relief, which will be described in this graphic essay” (Fenech, Boyle, & Roche, 2024).
Recently, a 2021 meta-analysis of 15 controlled randomised studies found that intra-articular injections reduced pain and improved function shortly after administration for up to six weeks (Osuala, et al., 2024); intra-articular injections provide short-term relief of pain and inflammation in patients with osteoarthritis. The recommended interval between intra-articular injections is three months, and patients scheduled for total knee arthroplasty should not receive intra-articular injections in the three months prior to surgery. While evidence supports their use for the immediate management of symptoms, the long-term benefits and the potential for complications necessitate a judicious approach to patient selection and treatment planning.
The most recent evidence, particularly the 2024 meta-analysis that included 13 clinical trials and 731 patients, demonstrates that genicular nerve blocks (NGBs) offer superior pain relief compared to placebo and other modalities, with effects sustained for at least one month. This consistency in results positions NNBs as a relevant intervention for patients with persistent joint pain, especially when other strategies have been insufficient or when the patient is not an immediate candidate for surgery.
“Potential complications of ultrasound-guided genicular nerve ablations and blocks include muscle or vascular damage and intraneural punctures. Complex regional pain syndrome has also been described as a possible complication of radiofrequency ablation of the genicular nerves in patients with chronic knee pain” (Fenech, Boyle, & Roche, 2024). 

4. Conclusion

The literature reviewed shows remarkable progress in the understanding and management of patellar fractures and chronic knee pain. The evolution in the approach to patellar fractures emphasises the importance of preserving extensor mechanism function and personalising treatment according to the lesion anatomy. In parallel, the use of ultrasound is emerging as a key tool for both anatomical assessment and precise intervention guidance, strengthened by evidence confirming its accuracy compared to traditional methods.
Genicular nerve blocks stand out as an effective alternative in knee pain management, supported by a recent meta-analysis demonstrating significant and sustained benefits. The integration of these strategies—clinical assessment, anatomical knowledge, ultrasound-guided interventions, and specific therapies such as biofeedback—allows for a more comprehensive and effective approach, aligned with current patient needs and modern trends in pain medicine and orthopaedics. Taken together, the findings from these sources highlight the need to integrate detailed anatomical knowledge, structured clinical assessment, and image-guided interventions to optimise outcomes in patients with patellar injuries and knee pain. The available evidence, although still expanding, reinforces the relevance of ultrasound-guided techniques and supports the use of biofeedback as part of a multimodal management approach based on measurable clinical outcomes.
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11.  Definitions, Acronyms, Abbreviations
 
DGA: Descending genicular artery
GN: Inferomedial genicular nerve
IPSN: Infrapatellar saphenous nerve
LFC: Lateral femoral condyle
MCL: Medial collateral ligament 
MGN: Medial genicular nerve
MRI: Magnetic resonance imaging
NVM: Nerve vastus medialis
PFPS: Patellofemoral pain syndrome
SGN: Superior genicular nerve
SLGA: Superolateral genicular artery
SLGN: Superolateral genicular nerve
SMGA: Superomedial geniculary artery
SMGN: Superomedial geniculate nerve
VAS : Visual analog scale 
VLN: Vastus lateralis nerve
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