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1.0 ABSTRACT
Introduction: The iliopsoas is a myotendinous complex that can be challenging for junior sonographers to scan due to its deep location and the difficult delineation of its various structures. Iliopsoas tears and bursitis are rare, but knowledge of iliopsoas anatomy, mechanisms of injury, symptoms of iliopsoas injuries, and ultrasound appearances can contribute to early diagnosis and treatment for patients.
Case description: A 33-year-old male presented for a groin ultrasound four weeks after a traumatic surfing injury, during which his hip hyperextended and externally rotated. Ultrasound evaluation excluded the clinical diagnosis of an inguinal hernia, but identified a large hypoechoic collection with internal haemorrhagic debris, distorted muscle architecture of the iliopsoas at the musculotendinous junction and peritendinous oedema. Sonographic findings were suggestive of an iliopsoas tear with bursitis, which a subsequent MRI of the hip confirmed.
Discussion: This case study provides an insight into the sonographic features present in a rare case of a partial iliopsoas tear with iliopsoas bursitis. The patient presented initially for ultrasound evaluation, which supports the importance of ultrasound in iliopsoas imaging. Knowledge of anatomy and the sonographic features of iliopsoas tears is vital in establishing early diagnosis and treatment. 	Comment by Angela Farley: Great – it would also be a great idea to add the aim of your paper in here. This will help your audience determine if reading your paper will be beneficial to them or relevant to the topic that they are searching. Remember, the abstract is what most people will briefly read to determine if they want to read your paper, providing an aim will help them understand what they can expect to learn by reading your paper.	Comment by Angela Farley: This is an excellent abstract madison – well done. Don’t forget to include keywords for your article as well.

2.0 INTRODUCTION
Despite surfing being a popular pastime in Australia, with over 10% of the population participating in the sport, few studies exist discussing hip and groin injuries sustained from the sport[1]. Muscle sprains and strains are the second most common acute surfing injuries after lacerations that present to emergency departments, and most commonly affect the lower extremities[2]. 	Comment by Angela Farley: This would be great information to include in your abstract and could couple nicely with your aim.	Comment by Angela Farley: Great – including some percentages here would have added further depth.
Injuries of the iliopsoas complex are rare, with a reported incidence rate of 0.66%, and typically result from trauma amongst athletes[3,4]. Mechanisms causing acute groin injuries, encompassing iliopsoas tendon injuries and bursitis, include sudden change in direction and extreme hip motions, which are common in sports such as soccer, hockey and ballet[5-7]. These mechanisms can also occur in surfing, when performing particular manoeuvres, or during loss of surfboard control[8]. Although magnetic resonance imaging (MRI) is the gold standard for evaluating iliopsoas injuries, this modality is not routinely requested due to the ambiguous symptoms of groin injuries[4,9,10]. Ultrasound is often the first imaging modality performed on patients with suspected soft tissue injuries[4,9,10]. Unfortunately, due to the complexity and depth of anatomical structures of the groin, ultrasound evaluation of the hip and groin can be challenging, particularly for junior sonographers familiarising themselves with the anatomy of this region[7,9]. 	Comment by Angela Farley: This is excellent!
Perhaps including some brief information here on the anatomy in this area and including an image would have been a nice way to introduce the region of interest and allow your readers to begin to visualise the area you will focus on for your paper.	Comment by Angela Farley: Such as? Including a few of these would have added further depth.
This case study aims to describe the imaging performed on a rare case of acute iliopsoas tear with bursitis that was sustained from a surfing injury, and to highlight the important role ultrasound can play in detecting iliopsoas tears. 	Comment by Angela Farley: This is fantastic! Well done. Including this in your abstract would have been a nice addition.
Increasing awareness of sonographic findings present in iliopsoas injuries will ideally increase detection rates and improve the knowledge of junior sonographers learning iliopsoas anatomy.	Comment by Angela Farley: This is an excellent introduction to your paper  – well done.

3.0 CASE DESCRIPTION
A 33-year-old male presented for a right groin ultrasound querying the presence of an inguinal hernia. He presented four weeks after a surfing injury, during which his leg had externally rotated and hyperextended after losing control of his surfboard. He felt immediate pain in the right groin at the time of injury, which had continued despite resting it for three days following the initial injury. He had mild ongoing pain with weightbearing, which was aggravated by walking and exercise.
While obtaining the patient’s clinical history, it was established that the pain was predominantly inferior to the level of the inguinal canal, extending towards the anteromedial proximal thigh. 	Comment by Angela Farley: Great background here – had they had any previous injuries to this area? Any history of a reason for a hernia to be present such as work related or previous surgery? Any other investigations prior to attending for scan. 
Also, including an image of the ROI would have added further depth to this section.

3.1 Ultrasound
An ultrasound was performed on a Philips EPIQ Elite(Koninklijke Philips N.V, Amsterdam, Netherlands) using a high frequency L12-5 MHz linear transducer. A routine groin protocol was applied, which included examination of several anterior hip structures. The patient was scanned in a supine position with their leg extended in a neutral position. The presence of inguinal and femoral hernias was excluded through dynamic assessment utilising the valsalva manoeuvre. 	Comment by Angela Farley: Such as? Including the structures that were examined briefly would have added further depth.	Comment by Angela Farley: Including an image of the patient position would have added further relevance here.	Comment by Angela Farley: Excellent – including some ultrasound images of this would have added further depth.
To assess the iliopsoas, the transducer was placed in a sagittal oblique position over the femoral head to establish orientation. 	Comment by Angela Farley: Including a photo of this transducer would have added further depth.
The transducer was then turned transverse at the level of the femoral head to identify the echogenic iliopsoas tendon, and moved cranially to the level of the anterior inferior iliac spine (AIIS) to identify the different components of the iliopsoas complex[9,11] <insert figure 1 here>.	Comment by Angela Farley: Great – comment as above.
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Description automatically generated with medium confidence]	Comment by Angela Farley: Excellent image with labelling of the muscles here. Also labelling the bone inferiorly would have added further understanding for a beginner sonographer reading your paper.
FIGURE 1. Transverse image of the iliopsoas complex. (a)B-mode image of the iliopsoas with some increase in echogenicity of the adjacent muscle at the lateral aspect of the iliopsoas tendon. (b)Demonstrates the anatomical orientation at this level with the iliopsoas tendon(orange) and lateral(red) and medial(yellow) iliacus muscle fibres approaching the musculotendinous junction [Image taken at author’s workplace, 2023].	Comment by Angela Farley: This is excellent!

During interrogation of the iliopsoas in both transverse and longitudinal planes, it was noted that there was mild architectural disruption and oedema at the level of the iliopsoas musculotendinous junction(MTJ). A well-defined 60x20x17mm hypoechoic collection with internal echogenic debris was identified at the level of the iliopsoas musculotendinous junction, which corresponded clinically to the patient’s region of pain <insert figures 2-5 here>. 	Comment by Angela Farley: Excellent!
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FIGURE 2. Transverse B-mode image of the iliopsoas, demonstrating the presence of a hypoechoic collection at the iliopsoas MTJ in relation to the adjacent musculature. The sartorius muscle lies superficial to the region and the rectus femoris muscle is visualised lateral to the collection [Image taken at author’s workplace, 2023].
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Description automatically generated with low confidence]	Comment by Angela Farley: Labelling a few more muscles and the bone on this image would have added further depth.
FIGURE 3. Longitudinal image of the collection at the level of the iliopsoas. (a)B-mode ultrasound image of the well-defined hypoechoic collection, with internal echogenic debris and architectural disruption of the muscle fibres towards the right of the image.  (b)Demonstrates the collection (red with asterisk) in relation to the overlying iliopsoas muscle fibres. The femoral neck is visualised at the bottom right of the images, with the joint space out of the imaging plane due to transducer orientation [Image taken at author’s workplace, 2023].

[image: A picture containing medical imaging, screenshot, radiology, obstetric ultrasonography

Description automatically generated]	Comment by Angela Farley: Labelling a few more muscles and the bone on this image would have added further depth.
FIGURE 4.  Oedematous change of the muscle fibres. (a)B-mode image of the iliopsoas muscle in longitudinal demonstrating the echogenic oedematous change to the iliopsoas muscle fibres and loss of clear fibrillar pattern in this region. (b)Oedematous region (orange) compared to the normal fibrillar pattern of the superficially adjacent muscle fibres of the iliopsoas [Image taken at author’s workplace, 2023].
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Description automatically generated]	Comment by Angela Farley: Labelling a few more muscles and the bone on this image would have added further depth.
FIGURE 5. Transverse B-mode image of the iliopsoas with collection.(a)Demonstrates the increase in echogenicity of the muscle fibres surrounding the hypoechoic collection with difficult delineation of the tendon margins in this region due to architectural distortion. (b)The hypoechoic collection(red) with echogenic oedema of the surrounding muscle fibres (orange) [Image taken at author’s workplace, 2023].	Comment by Angela Farley: These images were excellent – just needed a few more labels on some of your images to help the novice sonographer understand the anatomy that needs to be included on the image to help detect this pathology.

This collection was reported as distention of the iliopsoas bursa with internal haemorrhagic debris. No increase in vascularity to the region was detected with Power Doppler imaging. 
The patient was moved into a FABER(flexion-abduction-rotation) position in order to optimise visualisation of the distal iliopsoas tendon by reducing the effects of anisotropy through rotation of the lesser trochanter distal insertion[11]. Due to the patient’s tenderness in the region, they were unable to hold this position, and only suboptimal imaging of the distal insertion could be obtained. Despite limitations due to the patient’s capabilities, the distal insertion of the iliopsoas appeared intact.
A tear of the iliopsoas could not be excluded due to the architectural distortion of the muscle caused by the collection, and the increased echogenicity of the iliopsoas muscle fibres adjacent to the collection. The ultrasound findings were reported as suspicious for a partial iliopsoas tear due to these features. 
An MRI and pelvic x-ray were suggested to investigate the deep soft tissue structures further and exclude underlying bony pathology, which the patient returned for two days later. 	Comment by Angela Farley: Great! This is excellent that you were able to follow this patient up with further imaging and have the results of these at hand to include in your paper. Great inclusion!

3.2 X-Ray
The x-ray demonstrated several ossific densities at the superolateral aspect of the right hip, which was suggested to represent post-traumatic ossicles from a prior injury. Slight bulging of the fat planes at the right hip were identified, relating to the underlying collection. No degenerative changes were identified and the alignment of the hips were maintained <insert figure 6 here>. 	Comment by Angela Farley: Pointing these out on the x-ray would have been a nice addition here – remember that many sonographers currently do not have a radiography background so find reading x-rays difficult.	Comment by Angela Farley: Great inclusion.
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Description automatically generated with medium confidence]
FIGURE 6. Pelvic x-ray image of the patient. Small ossific densities suggest a prior injury, and slight bulging of the right hip fat planes due to the underlying collection [Image taken at author’s workplace, 2023].

3.3 Magnetic Resonance Imaging (MRI)
The MRI confirmed moderate oedema surrounding the iliopsoas tendon anterior to the hip joint, with disruption of the muscle fibres, indicative of an iliopsoas partial thickness tear at the musculotendinous junction <insert figure 7 here>. Haemorrhagic fluid was noted within the distended iliopsoas bursa. A high T2 signal linear cleft of the lateral labrum was incidentally noted, which was diagnosed as a small lateral labral tear.	Comment by Angela Farley: Excellent inclusion and discussion.
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Description automatically generated]FIGURE 7. (a) MRI imaging of the right hip at the level of the iliopsoas MTJ. (b) A=distended iliopsoas bursa, B=partial iliopsoas tear at the MTJ, C= iliopsoas muscle, D= pectineus muscle, E= sartorius muscle, F= rectus femoris, G= tensor fascia latae and gluteus minimus muscles, H= gluteus maximus, I= head of femur, J= ischial spine [Image taken at author’s workplace, 2023].	Comment by Angela Farley: This is fabulous!
The patient was instructed to return to his doctor for results. The treatment for this patient was conservative, and he was referred to an exercise medicine physician for further assessment.

4.0 DISCUSSION
4.1 Anatomy
The iliopsoas is a musculotendinous complex formed by several different muscles, making visualisation of the different components with ultrasound challenging[4]. It originates from the psoas and iliacus muscles between the level of L5 to S2, and inserts onto the lesser trochanter of the femur[12]<insert figure 8 here>. 	Comment by Angela Farley: Excellent – this brief explanation could have been included in your introduction and your abstract.
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FIGURE 8. Diagram of the iliopsoas complex. The iliacus muscle(green) originates from the iliac wing and inserts onto the lateral psoas tendon and the lesser trochanter of the femur. The psoas major(red) originates from the T12 to L5 vertebrae to merge with the iliacus and form the iliopsoas complex, which inserts onto the lesser trochanter[4,6] [Author’s own diagram, adapted from 15].

At the level of the anterior labrum, the iliopsoas is comprised of both muscle (55.5%) and tendon(44.5%)[12]. The main tendon of the psoas muscle, medial iliacus muscle fibres, an accessory iliacus tendon, and lateral iliacus muscle fibres form the iliopsoas complex[11]. The iliopsoas contributes to flexion and external rotation of the hip, and contributes to lumbar posture[7]. 
The iliopsoas bursa, a potential space that lies medial and deep to the iliopsoas muscle, functions to reduce friction over the joint space with hip movement[9, 10]. It is the largest synovial bursa in the body, which communicates with the hip joint in 15% of the population, and can extend distally towards the lesser trochanter[6, 13]. The iliopsoas bursa cannot be visualised on ultrasound unless pathology is present[13].  	Comment by Angela Farley: Including an anatomy image of this would have added further depth.	Comment by Angela Farley: Great!

4.2 Aetiology 
The iliopsoas complex can be involved in a range of groin and hip pathologies, including iliopsoas bursitis, iliopsoas tears and snapping hip syndrome[14].  
Iliopsoas tears can be divided into iliacus or psoas in origin, with iliacus injuries at the MTJ occurring the most frequently[5]. Iliopsoas injuries are rare, with a reported incidence rate of 0.66%, demonstrating the rarity of this case study[3,4]. 
Iliopsoas injuries can be acute or chronic in nature[13]. Chronic iliopsoas injuries typically occur due to non-healed partial tears of the iliopsoas complex, which can result in longstanding symptoms and pain[13]. Extension of the hip places tension on the iliopsoas, with potential friction occurring , leading to repetitive wear[15]. Chronic overuse can occur in athletics, such as soccer or surfing, or if an underlying pathology such as arthritis exacerbates friction with movement[5-7,16]. 
 In acute iliopsoas injuries, sudden forceful hyperextension of the hip stretches the iliopsoas complex over the iliopsoas bursa, which can cause tearing of the iliopsoas and inflammation of the bursa due to trauma[16]. 
Iliopsoas bursitis can be caused by arthritis, acute trauma or overuse[16]. Sports injuries account for the majority of iliopsoas bursitis and tendon tears[16]. Iliopsoas bursitis and tendinitis characteristically coexist as a result of their close proximity, as inflammation of one structure will result in inflammation of the other[16]. 
Patients with iliopsoas injuries typically present with hip or groin pain, difficulty weightbearing, and weakness on hip flexion[4]. Risk factors of iliopsoas tears include trauma, advanced age, chronic steroid use, and chronic disease processes[4]. Females aged over 65 are at higher risk of idiopathic iliopsoas tears[4]. However, the epidemiology of iliopsoas injuries varies based on the nature of the injury (chronic versus acute) and the mechanism of injury. In order to establish whether an injury is acute or chronic, image findings should be combined with a clinical history obtained from the patient. Clinical questions that sonographers can ask patients with suspected iliopsoas injuries include the cause and location of the pain, if any movements aggravate the pain, and whether the patient has any past history of injury (particularly sporting injuries)[7]. In this case study, the clinical history obtained from the patient confirmed a sudden forceful hyperextension of the hip during exercise, supporting an acute injury of the iliopsoas. The patient’s symptoms included difficulty weightbearing and focal groin pain, which further supports the imaging diagnosis. 	Comment by Angela Farley: Great – it is important to relate your discussion back to your case to add further relevance – you have done this well here. You have also discussed the pathologies associated with this region nicely here – well done.

4.3 Pathophysiology
The pathophysiology of iliopsoas tears is identical to that of other skeletal muscles, which involves a process of destruction, repair and remodelling[17]. In the destruction phase, muscle fibres rupture and haematoma forms in the space between the ruptured muscle [17]. Phagocytosis of necrosed myofibrils and regeneration through production of scar tissue then occurs, with neovascular formation[17]. Muscle fibres regenerate, with reorganisation of the scar tissue and muscle function recovery[17]. 	Comment by Angela Farley: Excellent – including a flow diagram or chart of this pathophysiological process would have added further depth.

4.4 Sonographic appearances
MRI is the gold standard for imaging iliopsoas injuries[4,9-10]. However, due to the rarity of iliopsoas injuries and poor sensitivity in clinical diagnosis of groin injuries, ultrasound is often the first imaging modality that encounters these injuries[4,9-10]. Patients incompatible with MRI are also referred for ultrasound imaging, placing further importance on sonographers understanding of the anatomy of the iliopsoas complex and the sonographic features of iliopsoas injuries[4].
Ultrasound can be beneficial in assessing iliopsoas injuries due to the direct correlation of imaging with the region of patient symptoms, the lower cost of ultrasound imaging, increased accessibility of the modality, minimal contraindications, and ability to dynamically assess muscles and tendons to determine the severity of a tear if present[9-10,18]. Comparison imaging can be performed if the contralateral side is asymptomatic, which is particularly useful if a full thickness iliopsoas rupture is present due to the enlargement of the iliopsoas muscle that occurs[4].  	Comment by Angela Farley: This would have been something that could have been included in this case study to add further relevance and understanding for your audience.
Sonographic features of iliopsoas muscle tears include proximal muscle swelling, fluid distension of the iliopsoas bursa, distortion of muscle architecture with loss of normal fibrillar pattern, haemorrhage, and peritendinous oedema[4,6,13]. Partial or complete tears of the iliopsoas appear as hypoechoic or anechoic regions separating the muscle fibres[18]. 
In chronic iliopsoas injuries, there may be calcification or chronic fibrosis of the injured region, producing posterior shadowing and heterogenous echotexture of the complex[13]. 
Sonographic features of acute tears include discontinuity of muscle fibres with increased echogenicity at the site due to haemorrhage[13].  	Comment by Angela Farley: Including some more ultrasound images of these pathology appearances would have been nice addition to help novice sonographers be aware of what they might find in this region while scanning.
Iliopsoas bursitis presents sonographically as a thin-walled anechoic cystic mass that might communicate with the hip joint in some patients[19]. 
In this case study, the sonographic findings of distorted muscle architecture, haemorrhagic debris within the iliopsoas bursa, and peritendinous oedema support the diagnosis of an acute partial tear of the iliopsoas. 	Comment by Angela Farley: Excellent!

4.5 Diagnosis 
There are multiple differential diagnoses based on the clinical presentation of iliopsoas injuries. Anterior hip and groin pain is common in injuries of the iliopsoas complex, but can also be present with labral tears, femoroacetabular impingement, and arthritis[7]. 
Potential differential diagnoses of iliopsoas bursitis include an inguinal hernia or mass due to its cross sectional appearance on MRI[18]. However, ultrasound was able to exclude these pathologies in this case study.
 A high degree of inconsistency exists between clinical and imaging diagnosis of iliopsoas injuries, with approximately 50% misdiagnosed clinically[5-6]. This inconsistency is likely due to the close proximity of groin and hip muscles, which makes differentiation of the injured muscle challenging to isolate on clinical testing and palpation, as well as the multifactorial nature of many groin and hip injuries[5,7,9].  In this case study, the MRI confirmed an iliopsoas partial tear, iliopsoas bursitis and a labral tear, all of which could contribute to the patient symptoms. Therefore, imaging of groin and hip pain is vital for establishing a correct diagnosis and delivering appropriate treatment, particularly in acute injuries[5]. If initial ultrasound imaging fails to identify the cause of groin pain but an iliopsoas tear is suspected, MRI should be performed to improve recovery time through early diagnosis[4]. 	Comment by Angela Farley: Excellent, this makes a good case for using ultrasound to investigate and diagnose pathology in this region.

4.6 Treatment of Iliopsoas Injuries
Treatment of iliopsoas tears is generally conservative, involving pain management and physical rehabilitation rather than surgical intervention[4]. Stretching and strengthening exercises isolating the iliopsoas may be recommended[16]. Ultrasound guided corticosteroid injections to the iliopsoas bursa can be performed for both diagnostic and therapeutic reasons, since a positive response to the injection can confirm the source of the pain[6]. If an iliopsoas tear remains undiagnosed and untreated, it can cause long term pain and difficulty weightbearing[4]. Early identification and treatment can improve symptoms and lead to progressive pain resolution[4]. Surgery may be considered in cases of iliopsoas bursitis, but does not guarantee resolution of symptoms[16]. 	Comment by Angela Farley: Including the treatment option that your patient underwent and if this was successful would have been a nice addition to your case study as it would help sonographers understand what their findings can result in within the clinical setting.

5.0 CONCLUSION
The complex anatomy of the groin and hip, and overlapping symptoms of groin pathologies make iliopsoas injuries difficult to clinically diagnose. Iliopsoas injuries are rare, and often missed due to the anatomical position of the iliopsoas complex and wide range of aetiologies and epidemiology of these injuries. Due to the uncommon nature of these injuries, this case study provides insight into the sonographic findings that may be present in an acute iliopsoas tear with bursitis.  When iliopsoas injuries occur, they require treatment to prevent longstanding pain. Despite the difficulty sonographers potentially face assessing deep groin and hip structures, knowledge of characteristic sonographic appearance of iliopsoas tears and iliopsoas bursitis can assist in early diagnosis and treatment of these injuries. The importance of obtaining a thorough patient history is emphasised in the findings obtained in this case study. 	Comment by Angela Farley: Well done, this was an excellent conclusion to round out a very good case study discussion – well done! I really enjoyed reading about your findings.
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	Comment by Angela Farley: Thanks for including 😊
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