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Abstract

:

Osteoid osteoma (OO) is a common benign bone tumour, usually affecting young people. Typically, it is localised to the diaphyses or metaphyses of long bones. The classical manifestation includes distinctive night pain, almost always present, responding well to non-steroidal anti-inflammatory drugs, sometimes accompanied by complaints due to physical activity, and a typical picture on additional tests. A characteristic of osteoid osteoma is the presence of a nidus, usually visible on imaging tests. The nidus generally presents as a single, round lytic lesion up to 1 cm in diameter, surrounded by an area of reactive ossification. However, OO is a multifaceted neoplasm, and its diagnosis can cause numerous difficulties. OO can mimic multiple diseases and vice versa, which often leads to a prolonged diagnostic and therapeutic path and associated complications. There are few literature reviews about the differentiation and diagnostic difficulties of osteoid osteoma. Very effective therapies for this tumour are known, such as ablation and resection. Enhanced detection of osteoid osteoma could result in faster diagnosis and less suffering for the patient, avoidance of complications, and reduced costs of incorrect and prolonged treatment.
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1. Introduction


Osteoid osteoma (OO) is a common benign neoplasm, accounting for up to 3% of primary bone tumours. It is usually localised to the diaphysis or metaphysis of a long bone, most often of the lower limb [1]. It most frequently affects young people, usually between 5 and 25 years of age. The disease is three times more likely to affect men [2,3].



A typical symptom of osteoid osteoma is night pain, which responds well to non-steroidal anti-inflammatory drugs. Pain usually occurs around the clock, but awakenings from sleep are characteristic, which is particularly troublesome for the patient [4]. The cause of the pain is probably the localised high levels of prostaglandins, especially prostaglandin E, accompanying osteoid osteoma [5,6].



The diagnostic basis is a classical radiograph (X-ray) and then a computed tomography (CT) scan. CT is the method of choice in order to identify a hypodense tumour focus surrounded by a hyperdense sclerotic area [7,8]. Magnetic resonance imaging (MRI) can be helpful in the diagnosis of some cases, presenting with bone marrow oedema and lesions in the adjacent tissues. Dynamic enhanced MRI plays a key role, since nidus enhancement strongly supports diagnosis. Bone scintigraphy, providing a metabolic evaluation of the lesion, can also be helpful in differentiating it from other diseases [9,10]. The typical radiologic sign of osteoid osteoma is a central, X-ray-permeable partially ossifying focus (nidus), surrounded by an area of reactive ossification [6,11]. A combination of clinical features and typical X-ray, CT, and MRI results is usually sufficient to make a reliable diagnosis [12].



Some cases of OO undergo spontaneous regression. However, conservative treatment is rarely administered due to the necessary long-term drug therapy and uncertain clinical outcome. An option is en bloc resection of the lesions; yet for typical OO, the standard treatment is the use of minimally invasive methods. High-frequency electrical current thermoablation (RFA) is considered the gold standard for the treatment of symptomatic cases of this tumour owing to its availability and high efficacy. Treatment with magnetic resonance-guided focused ultrasound (MRgFUS) appears to be a promising alternative as it is non-invasive and comparably efficient; however, it is limited by the strictness of indications and access to MRI [13,14].



Osteoid osteomas with radiological and clinical features other than their classical presentation and located in atypical locations are referred to as atypical [15]. Numerous musculoskeletal conditions may exhibit clinical and radiological features that mimic osteoid osteoma [16]. Osteoid osteoma is also an entity often confused with osteoblastoma, enchondroma, osteochondroma, and other pathological bone lesions [17,18].



Atypically located osteoid osteomas have a higher rate of recurrence and adverse events associated with surgery [19].



Early diagnosis and treatment of the disease can have a significant impact on the quality of life of patients and their families and protect the patient against many unnecessary diagnostic procedures, treatment, and distant complications of the disease [20].



The aim of this report is to discuss the atypical presentation of osteoid osteoma using the example of 11 patients operated on over a nine-year period in the Research Department of Orthopaedics and Traumatology and to review the recent literature on the difficulties of diagnosing osteoid osteoma, the differential diagnoses, and the treatment of choice in these cases.




2. Materials and Methods


Ninety-one patients with the diagnosis of osteoid osteoma operated on during a nine-year period (July 2013–July 2022) by thermoablation in the Research Department of Orthopaedics and Traumatology were included in the analysis. Every procedure was performed with the same electrode (BT-1510B, RF Medical Co, Ltd., Seoul, Republic of Korea). Twenty-six (28.6%) women and sixty-five (71.4%) men participated in the study. The mean age of the patients was 20.8 years; 89.9% of the patients initially presented the clinical picture of the disease accepted in the literature as typical. This clinical picture consisted of night pain, usually responding to non-steroidal anti-inflammatory drugs, functional disorders of the affected limb and a typical presentation of osteoid osteoma on diagnostic imaging. Note that 12.1% of the patients had an atypical presentation of the disease, which in most cases resulted in a prolonged and wrong diagnostic path. The lesion was located in the upper limb in 5.5% of the cases and in the lower limb in 94.5% of them. All the patients had an X-ray and CT scan on the diagnostic path done. Following the analysis of the diagnostic path after it ended, the vast majority of cases showed a typical clinical and radiological picture of OO, so RFA was performed. In doubtful cases, a sample was taken for histopathological examination. Sources indicate that the standard biopsy for suspected OO is controversial due to the high variability of histopathological findings [21,22,23]. The patients were also examined using a visual analogue scale (VAS) on the day of the procedure and 2–3 months after the procedure. Their diagnosis was confirmed based on the subsidence of pain after the procedure or the histopathological finding.




3. Results


3.1. Case 1: OO Masking as Femoroacetabular Impingement (FAI)


A 30-year-old man was operated on for OO of the right femoral neck. He had a history of night and post-exercise pain in the right hip for 6 months. On physical examination, positive femoroacetabular impingement-specific tests, FADIR (groin pain on flexion, internal rotation and successive adduction of the hip joint) and FABER (groin pain on flexion, external rotation and abduction of the hip joint) were carried out. After a pelvic X-ray and hip MRI scan, a diagnosis of femoroacetabular impingement was made, and the patient was qualified for arthroscopy (Figure 1). The imaging changes suggested a diagnosis of FAI. While awaiting arthroscopy, an ambiguous clinical picture with a history of night pain prompted the attending physician to perform a CT scan of the hip joints. The scan showed a focus of OO of 9 × 6 × 5 mm in the right femoral neck (Figure 2). The patient was treated with thermoablation with intraoperative 3D navigation at the temperature of 90 degrees for 6 min without complications during and after the procedure. An excellent VAS pain reduction score was achieved from 8 points on the day of surgery to 0 at 3 months after surgery. On physical examination 3 months after surgery, the FADIR and FABER tests were negative. The symptoms of FAI disappeared completely.




3.2. Case 2: Example of an Incorrect Therapeutic Path of OO


A 35-year-old male patient presented with a diagnosis of inadequately treated osteoid osteoma for two years. The patient informed of pain at night and during the day after exercise or prolonged immobilisation of the limb (sedentary work). The suspicion of OO in the right distal metaphysis of the right femur (a nidus size of 12 × 4 × 4 mm) was raised from the first X-ray examination and a CT scan performed two years earlier. Pain was localised exclusively to the right limb; however, on examination, an incidentaloma was detected in the posterolateral part of the femoral diaphysis on the opposite side with an initial suspicion of a proliferative process. Following an MRI scan of the left knee joint, a suspicion of a non-ossifying fibroma in the healing phase was raised. In a subsequent examination, bone scintigraphy was performed. A focus of pathological tracer accumulation in the right femur was described as a suspected benign lesion, but proliferative disease could not be excluded. After further additional examinations, the patient was qualified for resection of the right femoral tumour. The resection procedure was performed, and the specimen was collected for histopathological examination. After surgery, there was no improvement in terms of pain, and extension contracture of the knee joint (flexion to a level of 120 degrees) developed. The histopathological examination suggested a diagnosis of haemangioma. After further clinical examinations and additional examinations (including a CT scan) (Figure 3), the absence of the features of osteoid osteoma recurrence was described, and pain was associated with the features of a femoropatellar joint injury. Histopathological specimens were re-analysed with the result that there were no features of malignant cells or osteoid osteoma. Over the following months, persistent night pain extending to the anterior surface of the patella and right lower leg was reported. On clinical examination, flexion of the right knee with pain in the medial distal part of the thigh occurred. The subsequent diagnostic process at a rheumatology outpatient clinic suspected gout. The patient was treated with colchicine for several months without any signs of improvement. A second look at the CT scan confirmed a diagnosis of persistent focus of OO. The patient was admitted to the Department of Orthopaedics with muscular atrophy of the right lower limb, impaired mobility (limitation of knee joint flexion of approximately 30 degrees), pain VAS of 6, to perform thermoablation of the lesion resection site. The patient underwent the above procedure under general anaesthesia (Figure 4). On examination the day after surgery, there was a significant reduction in pain (VAS score of 1). On examination 3 months after surgery, there was complete resolution of pain (VAS scope of 0), active flexion of the knee joint without pain, and the patient’s return to activities of daily living. He was recommended to undergo active rehabilitation to restore full limb function.




3.3. Case 3: OO Masking as Lyme Disease and Leukaemia


A 6-year-old girl was admitted to the Research Hospital of Orthopaedics for Children and Adolescents with symptoms of night pain (VAS score of 7), especially in the left knee, with lesser intensity in the left hip, accompanied by limping and decreased appetite. The diagnosis made six months earlier detected leucocytosis (23,000), positive IgM antibodies, and Western blot for Lyme disease. A diagnosis of Lyme disease was made, and the patient was treated with antibiotic therapy. The symptoms did not resolve after treatment. The patient underwent an MRI scan of the hip joints (Figure 5). Based on that examination, the patient was diagnosed with a left femoral neck stress lesion with a secondary fracture. The patient also underwent bone scintigraphy, showing a lesion in the left femoral neck (Figure 6). Persistent leucocytosis with the stimulation of granulocytes and features of abnormal cell maturation prompted a double bone marrow trephine biopsy and femoral biopsy. The image of the bone marrow ruled out proliferative disease in all cases. In the meantime, the patient’s emotional state deteriorated with depressive symptoms. The patient was treated by a psychologist with the diagnosis of a psychogenic component accompanying pain. As a result of a further exacerbation of the pain, the patient underwent a CT scan of the hip joints showing a 7 × 5 × 6 mm focus in the left femoral neck with a description corresponding to osteoid osteoma (Figure 7). Thermoablation with intraoperative 3D navigation was performed, resulting in the complete resolution of the symptoms (VAS score of 0 after 2 months).




3.4. Case 4: OO Masking as a Fatigue Fracture


A 31-year-old male patient with post-exercise and night pain was seen at an orthopaedic outpatient clinic for diagnosis. The patient underwent a pelvic X-ray and an MRI scan of the right hip joint. The MRI description suggested a suspected fatigue fracture of the right femoral neck (Figure 8). The patient was qualified for surgery. Under general anaesthesia, internal stabilisation was made with three cannulated screws (Figure 9). During the following six months after surgery, the pain did not resolve. During further diagnosis, the patient had a CT scan of the hip joints. The examination revealed a focus of OO of 10 × 9 × 6 mm in the right femoral neck (Figure 10). The patient underwent thermoablation with intraoperative 3D navigation without complications (Figure 11). The VAS score of pain on the day of surgery was 7. Night and postoperative pain resolved completely. The VAS score on examination 3 months after surgery was 0. Cannulated screws were not removed.




3.5. Case 5: OO Masking as Tuberculosis and Juvenile Idiopathic Arthritis


The following case is described in more detail in the article [24]. Permission was obtained from the journal editors to use the data, images, and information contained in the article.



A 14-year-old female patient presented with a history of two years of pain in the left hip with a limp in her leg. The pain occurred mainly at night, waking her from her sleep. The girl associated the onset of her symptoms with an injury. The patient gave a history of a prolonged diagnostic process: 12 hospitalisations, four MRI scans, and numerous X-ray and ultrasound examinations. In the results provided, the first MRI scan already showed a small lesion in the left femoral neck, which was not described in the interpretation of the MRI scans (Figure 12). Based on the MRI scan with the description of bone marrow oedema and the features of synovitis, the patient was admitted to the Paediatrics Department with suspected hip arthritis, treated with antibiotic therapy. Six months later, during another hospitalisation for suspected hip arthritis, laboratory tests showed HLA-B27 antigen, weakly positive antinuclear antibodies, and a positive tuberculin test. The patient was urgently hospitalised at the Lung and Tuberculosis Centre with a diagnosis of latent tuberculosis. With suspected tuberculous hip arthritis, a cortical and synovial biopsy was performed. Treatment with isoniazid for 9 months was administered. Synovitis was present in the biopsy specimen. During a subsequent hospitalisation in the Developmental Age Rheumatology Department, juvenile idiopathic arthritis was diagnosed, and HLA-B27 antigen was detected. The patient was started on methotrexate. At subsequent hospitalisations, treatment with chloroquine and sulfasalazine was started, maintaining treatment with methotrexate. With no signs of improvement, the patient was qualified for biological therapy. In the meantime, a suspicion of femoroacetabular impingement was raised during a series of additional examinations. After almost two years of incorrect diagnosis and treatment, a CT scan of the left hip joint was performed for the first time. The image revealed an osteolytic lesion of 7 × 7 × 6 mm (Figure 13). The description showed the features typical of OO. The patient was qualified for thermoablation with intraoperative 3D navigation. On the day of surgery, the patient presented the limitation of mobility of the left hip joint with VAS 8 hip pain. The day after surgery, the VAS score was 3. On examination 2 months after surgery, there was complete resolution of pain with full mobility of the left hip joint.




3.6. Case 6: OO Masking as Chronic Hip Arthritis


A ten-year-old female patient had complained of pain for 1.5 years. She had night pain, with no history of injury. The initial orthopaedic examination at the beginning of the diagnostic path showed lower limb asymmetry, muscle atrophy of the left thigh, and the limitation of flexion and external rotation of the left hip joint. On the X-ray, the radiological picture was non-specific. Based on an ultrasound of the hip joints, a diagnosis of a snapping hip was made. Due to oncological concerns, the patient had bone turnover markers and tumour markers performed, all being negative. During further diagnosis of suspected inflammatory and degenerative changes, an MRI scan of the hip joints was performed (Figure 14). The scan description showed inflammatory changes of the left hip joint with changes in the bone marrow of the femoral neck and inflammation of the adjacent tissues. The patient was advised bed rest, treatment with clindamycin, and based on the above examinations, the orthopaedist also suspected a malformation of the lower limb. The complaints of pain persisted. The X-ray examination and MRI scan with the conclusion of a non-specific picture, typical features (bone marrow oedema, neck oedema, and soft tissue reaction), and atypical features (involvement of the metaphysis only) were reconsulted for non-bacterial left femoral osteitis. The patient underwent skeletal scintigraphy showing a lesion in the left femur with no clear features typical of an inflammatory process, for further diagnosis. A bone biopsy was performed with a histopathological result of the absence of a tissue suspicious for a proliferative process. The features of chronic osteitis were found. After the biopsy, another MRI scan was performed with an image of a lesion in the left femoral metaphysis with no change compared to the previous scan.



Due to the worsening of symptoms over the next six months, the patient was admitted to the Children Trauma and Orthopaedic Department for the treatment of arthritis of the left hip and femur. A CT scan was performed, which showed a lesion with a slightly sclerotic edge measuring 10 × 4 × 3 (Figure 15). Based on the previous history, the radiological description considered an abscess as a complication of purulent arthritis. On clinical consultation, a diagnosis of osteoid osteoma, located in the epiphysis of the left femoral neck, was made. The patient underwent transcervical drilling of the focus of osteoid osteoma. No improvement was obtained after drilling. The patient changed the treatment centre, underwent thermoablation with intraoperative 3D navigation, with an immediate healing effect and VAS of 0 at 2 months post treatment. The patient made a full recovery.




3.7. Case 7: OO Masking as a Meniscus Injury


This case involves a 37-year-old man who presented for an orthopaedic consultation due to left knee pain. The pain had occurred for two years, exacerbated after exercise. An MRI scan of the left knee joint was performed, showing damage to the medial meniscus. The patient was qualified for arthroscopy. During surgery, the damaged fragment was removed. Over the following months, the pain in the knee joint worsened. In the diagnostic process, a CT scan of the left knee joint was performed. The examination revealed a focus of OO (6 × 3.5 × 3), located in the distal segment of the left femur. The patient was qualified for thermoablation treatment with intraoperative 3D navigation (Figure 16). On the day of admission, the VAS score was 6. The day after the procedure, the VAS score was 0. The patient is currently undergoing rehabilitation and recovery.




3.8. Case 8: OO Masking as Juvenile Idiopathic Arthritis


A 9-year-old girl presented to the Department of Orthopaedics for Children and Adolescents with suspected osteoid osteoma and pain, with a VAS score of 7 on the day of admission. The patient followed an extensive rheumatology diagnostic and treatment path. The onset of symptoms occurred 15 months earlier in the form of night pain, oedema, and soreness of the ankle joint and painful limited mobility of the left ankle joint. On ultrasound examination of the ankle joint, lateral malleolus effusion, synovial hypertrophy, and local inflammatory reaction were found. Juvenile idiopathic arthritis was suspected. During the diagnostic process, the infection of Mycoplasma pneumoniae and Borrelia burgdorferi was found, both treated with antibiotic therapy. A high titre of ANA antibodies and the presence of HLA-B27 antigen were detected, and several local injections of glucocorticosteroids were performed. Following further aggravation of symptoms, a diagnosis of juvenile idiopathic arthritis was made, and treatment with sulfasalazine was initiated. Despite the therapy, oedema of the left ankle joint grew. Oral prednisone and methotrexate were added to the therapy. After several months of therapy, oedema of the left ankle joint continued, with increasing pain. The decision was made to qualify the girl for biological treatment. The patient underwent therapy with a biological drug (adalimumab) without any therapeutic effect. During further diagnosis, a CT scan of the left ankle joint was performed, revealing an 8 × 7 × 7 mm focus located in the left calcaneus, pointing to a diagnosis of osteoid osteoma (Figure 17). The patient underwent thermoablation with intraoperative 3D navigation with excellent results (2 months after the procedure, VAS of 0). However, during the months of treatment, the patient’s mental state deteriorated significantly. From her mother’s account, the girl was a cheerful, lively child before treatment. During the treatment process, she became a withdrawn child, with a constant feeling of anxiety. The patient’s mood decreased significantly. The girl made 3 suicide attempts. She remains under psychiatric care.




3.9. Other Unusual Cases


Other cases involved a 13-year-old male patient with two foci in the left talus (Figure 18); a 39-year-old man with a focus in the lesser trochanter after left knee arthroscopy due to an image of a meniscus injury as in Case 7 (Figure 19); a 37-year-old male patient with osteoid osteoma of the left tibial diaphysis after surgery for Legg–Calvé–Perthes disease on the same side in childhood, with a prolonged diagnosis focused on complaints related to the past disease (Figure 20).





4. Atypical Osteoid Osteomas: Presentation and Diagnosis


The diagnosis of OO is straightforward when there are X-ray-permeable foci surrounded by reactive sclerosis. However, in some cases, diagnostic difficulties may be caused by the atypical appearance or failure of the X-ray to reveal lesions typical of OO and by non-specific location (Table 1) [25,26].



The classical symptom of osteoid osteoma is pain that awakens patients during the night. Other possible symptoms include abnormal bone growth, deformity, painful scoliosis and, if OO is in a joint, also oedema, synovitis, limited joint mobility, and contracture [27,28].



The differential diagnosis of osteoid osteoma includes many conditions, the most common of which are fatigue fracture, chronic osteomyelitis (Brodie’s abscess), cortical desmoid, chondroblastoma, subchondral cyst, enchondroma, intracortical haemangioma, monostotic fibrous dysplasia, healed or healing benign bone cyst, fibrocystic lesion, FAI, neurovascular lesions, and other malignancies [21,29].



4.1. Osteoid Osteoma in Unusual Locations


An atypical tumour location can present diagnostic difficulties. Unlike most primary tumours, osteoid osteoma can occur anywhere on the skeleton [21,30]. An uncommon location for osteoid osteoma is the foot, where it usually manifests with uncharacteristic pain and inconclusive radiographs. In a multicentre study described by Smolle, the authors indicated that most osteoid osteomas of the foot were in the metatarsus, followed by the forefoot. Of the patients, 97% had painful lesions [31]. Sources report that the atypical presentation often involves the phalanges, where the main clinical feature is soft tissue oedema and skin tenderness over the tumour [32,33,34,35]. A rare presentation is a painless lesion; however, such a site may be, for example, a subungual location [36]. Sources also include descriptions of the very rare presentation of osteoid osteoma as several foci in a single patient [37,38].



Another unusual presentation is lesions located in the wrist and hand. Among the bones of the wrist, the scaphoid bone is most commonly affected. OO of the carpal region can lead to misdiagnoses, including sterile necrosis of the lunate bone and post-traumatic midcarpal joint synovitis [39,40].



Recent literature also contains descriptions of OO located in the ribs, mandible, sacrum, patella, scapula, as well as atypical locations in long bones such as the olecranon and the capitulum of the humerus [41,42,43,44,45,46].




4.2. Mimicking Rheumatologic and Inflammatory Diseases


A common presentation of osteoid osteoma is conditions that mimic rheumatological diseases. Particularly, the periarticular location may lead to misdiagnoses due to mimicking arthritis [47]. In their study, Traore et al. described cases of intraarticular osteoid osteomas in children, incorrectly diagnosed as juvenile idiopathic arthritis, treated with an intraarticular injection of corticosteroids. An accurate diagnosis by a CT scan only enabled the correct choice of treatment [48]. Joint pain that does not respond to conventional treatment requires a persistent diagnosis that takes into account the exclusion of a number of other disorders.



OO can present with severe pain, marked tissue induration, and atypical location, resulting in an incorrect diagnosis of osteomyelitis [49]. Baky et al. presented a case of a female patient with insignificant flow cytometry, in a biopsy, resulting in a diagnosis of chronic recurrent multifocal osteomyelitis (CRMO). The patient was treated with methotrexate, adalimumab, and anti-inflammatory drugs without any success of therapy. A CT scan showed intraarticular OO in the hip, and the use of radiofrequency ablation led to healing [50].



The possibility of a bone tumour in a child with unexplained musculoskeletal pain should always be considered. Osteoid osteoma may co-occur with or clinically mimic musculoskeletal conditions such as chronic shoulder pain [4,51]. Also, fibrous dysplasia and fatigue fractures can cause cortical thickening and proliferation, which can lead to a misdiagnosis of OO [37].




4.3. Presentation of Osteoid Osteoma Localised Intraarticularly


Intraarticular osteoid osteoma accounts for approximately 13% of all OOs [52]. It is most commonly located in the hip joint. Significantly less frequently, it is located in the ankle, knee, wrist, and elbow. Pain and joint effusion can cause diagnostic difficulties [29,53]. A lesion localised to the joint can lead to deformity and impaired mobility. Intraarticular OO can often be confused with other causes causing synovitis [54]. It may also resemble intraarticular infection, joint tuberculosis, Legg–Calvé–Perthes disease, and hip impingement syndrome in its presentation [55]. It is particularly difficult to make a diagnosis when the patient has other joint pathology. Histopathological confirmation is not always possible or necessary to make a diagnosis. Histological analyses repeatedly fail to confirm the diagnosis [22,56]. In their study, Song et al. indicated that the characteristic symptom of osteoid osteoma with intraarticular or periarticular location is a painful limitation of joint mobility secondary to synovitis. That symptom was present in 73% of children with OO in the location, but in no child with OO with extraarticular location. The same study found that the classical symptoms of OO such as night pain and NSAID efficacy were present in only 36% of children compared to 70% of patients suffering from OO with extraarticular location [57].



In a study by Dai et al. of arthroscopy of hip osteoid osteoma, the most common reason for revision surgery was the diagnosis of FAI at the first operation. Misdiagnosis as FAI or synovitis is common, especially when OO is localised to the anterior aspect of the femoral head and neck. The clinical presentation of both disease entities is similar and includes pain and limited joint mobility. Computed tomography is the most helpful imaging examination for the diagnosis of intraarticular OO [58]. The delayed diagnosis of osteoid osteoma of the hip can also lead to degenerative changes of this joint with progressive femoral neck hypertrophy and secondary FAI [58,59].



Tomasevich et al. described a case of OO mistaken for a herniated synovial membrane cavity. The patient underwent hip arthroscopy, acetabuloplasty with synovectomy. Further investigations confirmed osteoid osteoma, successfully treated with radiofrequency ablation [60]. A case of osteoid osteoma misdiagnosed as a bone island (enostosis) in a female patient with osteopoikilia was also reported in the literature [61].




4.4. Presentation of Osteoid Osteoma Localised in the Axial Skeleton


The lumbar spine is the most common location of spinal OO, which can mimic the painful course of scoliosis. The curvature is caused by asymmetric muscle contraction, and the focus is usually on the concave side of the arch. Spinal osteoid osteoma can also mimic lumbar muscle degeneration and intervertebral disc herniation. OO mimicking intervertebral disc herniation may present with back pain and sciatica as initial symptoms. Tumour resection of this area may provide relief from back pain and symptoms associated with the spinal curvature [62,63].




4.5. Similarity to Other Tumors


Histologically similar tumours to osteoid osteoma are osteoblastoma; hence, it is extremely difficult to distinguish between the two conditions. Both tumours occur in young people, usually up to 30 years of age with a male to female sex ratio of 2:1. Osteoblastoma is less likely to present with night pain and usually does not respond to NSAIDs [6,64]. The size of the nidus is used to distinguish osteoid osteoma from osteoblastoma. Osteoblastoma has a nidus usually larger than 1–2 cm. Osteoblastoma, in contrast to OO, has more aggressive local behaviour with often significant bone destruction and a higher rate of recurrence. Osteoblastomas are approximately 4 times rarer than OOs and are more commonly located in the posterior part of the spine [65,66].



There are also numerous case reports of OO mimicking other benign bone tumours (chondroblastoma, glomus tumour, enchondroma, or osteochondroma), which in some cases may be indistinguishable on imaging studies. OO can also mimic malignant bone lesions (metastatic foci, osteosarcoma, or Ewing’s sarcoma). Aggressive lesions often affect the bone marrow and cortical layer, which makes them easier to distinguish [16,17,67,68].





5. Diseases Masking as Osteoid Osteoma


Diagnostic difficulties also exist with other diseases that may resemble osteoid osteoma in presentation. Benign bone tumours in the paediatric population are much more common than malignant ones. They may have a unique presentation that helps narrow down the diagnosis; however, there are cases which pose differential diagnostic difficulty [51].



5.1. Benign Tumors Resembling Osteoid Osteoma


Ramnath et al. described two cases of intracortical chondroma mimicking osteoid osteoma. Both cases underwent radiofrequency ablation, one of which resulted in the healing of intracortical chondroma and the other was unsuccessful and required further surgical treatment [69]. Cao et al. described a case of enchondroma of the proximal femoral epiphysis, misdiagnosed as OO, treated with resection [70]. Chondroblastoma in epiphyseal locations in children may resemble osteoid osteoma; however, the epiphyseal location and intramedullary position are more characteristic of chondroblastoma, whereas OOs are usually diaphyseal and intracortical [37]. Intramuscular haemangioma, occurring close to a bone, can result in cortical, medullary, and periosteal lesions, which are often misdiagnosed on a classical X-ray. Misinterpretation may be due to their rarity, deep location, or unusual presentation of the lesion [71].




5.2. Other Conditions Mimicking Osteoid Osteoma


Enthesopathies presenting with atypical periosteal reactions can mimic primary and secondary bone tumours. Tendon enthesopathy may mimic osteoid osteoma and should be considered in the differential diagnosis [3].



Brodie’s abscess is repeatedly a diagnostic dilemma that clinically mimics malignant and benign lesions, including OO. The radiological picture of Brodie’s abscess may also suggest the diagnosis of osteoid osteoma. The presence of a sinus tract on computed tomography is almost diagnostic for Brodie’s abscess; hence, a CT scan should be the examination of choice in differentiating these disease entities [72,73].





6. Treatment of Atypical Osteoid Osteomas


Notwithstanding the difficulty and prolonged diagnostic process, the treatment of atypical osteoid osteomas does not differ significantly from that of typically presenting OOs.



The most preferred treatment options include resection of the nidus with minimally invasive intraoperative curettage and percutaneous radiofrequency thermoablation (PRT) of the lesion under computerised tomography (CT) guidance [74,75].



Jackle et al. presented findings suggesting that thermoablation can be used as a minimally invasive method to eliminate OO localised to different areas of the epiphyseal cartilage. A study in lambs indicated only localised tissue damage [76].



For tumours that cannot be treated by thermoablation, en bloc resection is the technique of choice. Resection is also the optimal treatment for most spinal OOs [77].



However, in cases of OO localised to a hand, en bloc resection often requires bone grafting. Unroofing and curettage with the burr-down method seems to be effective in preventing residual tumours or relapses of OO of the hand [78].



Also, the use of ablation is restricted by the availability of specialised equipment and qualified staff. An alternative to this method described in the literature for centres lacking modern equipment is CT-guided Kirschner wire placement in a radiology department, and then a surgical intervention in an operating room without guiding Kirschner wire removal [79].



Minimally invasive treatment has some limitations, also depending on the ablation technique used. The main exclusion criteria are proximity to neurovascular structures, poor soft tissue coverage, or location in small bones or around articular cartilage [65,80,81].



The literature contains case reports in which intraarticular osteoid osteoma was resected by arthroscopic methods with excellent postoperative results. Indications for arthroscopy especially include locations that are both intraarticular and difficult to access for ablation techniques [82,83,84].



Notwithstanding the difference in presentation of OO and osteoblastoma, the treatment methods of choice for both tumours are ablation techniques. For lesions not qualifying for treatment by ablation, the technique of choice is resection of the lesion. Therefore, this does not change the management, even when it is difficult to distinguish between the above disease entities [65].




7. Conclusions


Despite improvements in imaging techniques, the diagnosis of OO in an unusual location or presenting with atypical symptoms remains a challenge. Data obtained from the patient’s history, clinical examination, and diagnostic imaging are fundamental to making the correct diagnosis. Delaying the diagnosis may lead to patients’ prolonged suffering, reduced quality of life, increased costs associated with inappropriate treatment, and secondary complications caused by some OOs. Furthermore, improved awareness of atypical clinical pictures and symptoms of osteoid osteoma should accelerate diagnosis and referral for appropriate treatment. CT scanning is the method of choice when osteoid osteoma is suspected or differentiated and should be performed in the diagnostic process when the distinction is made between OO and other conditions. En bloc resection and ablation techniques with intraoperative 3D navigation are the methods of choice for the treatment of both typically and atypically presenting osteoid osteomas.



Limitations


Only patients undergoing thermoablation were included in the study. Patients treated by en bloc resection or other open resection methods were not included due to the ambiguity of diagnoses and repeatedly non-diagnostic biopsies.








Author Contributions


Writing, review and editing: J.N., S.W. and T.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare that they have no conflict of interest.




References


	



Bianchi, G.; Zugaro, L.; Palumbo, P.; Candelari, R.; Paci, E.; Floridi, C.; Giovagnoni, A. Interventional Radiology’s Osteoid Osteoma Management: Percutaneous Thermal Ablation. J. Clin. Med. 2022, 11, 723. [Google Scholar] [CrossRef]

	



Arrigoni, F.; Bruno, F.; Gianneramo, C.; Palumbo, P.; Zugaro, L.; Zoccali, C.; Barile, A.; Masciocchi, C. Evolution of the imaging features of osteoid osteoma treated with RFA or MRgFUS during a long-term follow-up: A pictorial review with clinical correlations. Radiol. Med. 2020, 125, 578–584. [Google Scholar] [CrossRef]

	



Baumhoer, D.; Jundt, G.; Lenze, U.; Reisinger, C.; Hirschmann, A. Enthesopathy of the pectoralis major tendon mimicking osteoid osteoma. A case report with an unfortunate series of events. Muscles Ligaments Tendons J. 2015, 5, 223–226. [Google Scholar] [CrossRef]

	



Maselli, F.; Storari, L.; Lorusso, M.; Mourad, F.; Pennella, D.; Barbari, V.; Salomon, M.; Brindisino, F. Osteoid Osteoma in an Adult Wheelchair Basketball Player Mimicking Musculoskeletal Shoulder Pain: Red Flag or a Red Herring? Tomography 2022, 8, 389–401. [Google Scholar] [CrossRef] [PubMed]

	



Mungo, D.V.; Zhang, X.; O’Keefe, R.J.; Rosier, R.N.; Puzas, J.E.; Schwarz, E.M. COX-1 and COX-2 expression in osteoid osteomas. J. Orthop. Res. 2002, 20, 159–162. [Google Scholar] [CrossRef]

	



Acanfora, C.; Grassi, E.; Giacobbe, G.; Ferrante, M.; Granata, V.; Barile, A.; Cappabianca, S. Post-Procedural Follow-Up of the Interventional Radiology’s Management of Osteoid Osteomas and Osteoblastomas. J. Clin. Med. 2022, 11, 1987. [Google Scholar] [CrossRef]

	



Malghem, J.; Lecouvet, F.; Kirchgesner, T.; Acid, S.; Vande Berg, B. Osteoid osteoma of the hip: Imaging features. Skelet. Radiol. 2020, 49, 1709–1718. [Google Scholar] [CrossRef] [PubMed]

	



Van Straaten, A.; Clockaerts, S.; Vanhoenacker, F. Osteoid Osteoma of the Hallux: A Diagnostic Challenge. J. Belg. Soc. Radiol. 2021, 105, 36. [Google Scholar] [CrossRef]

	



Cobianchi Bellisari, F.; Palumbo, P.; Masciocchi, C.; Zoccali, C.; Barile, A.; Arrigoni, F. Needleless Ablation of Osteoid Osteoma and Osteoblastoma: The Emergent Role of MRgFUS. J. Clin. Med. 2021, 11, 128. [Google Scholar] [CrossRef]

	



Parmeggiani, A.; Martella, C.; Ceccarelli, L.; Miceli, M.; Spinnato, P.; Facchini, G. Osteoid osteoma: Which is the best mininvasive treatment option? Eur. J. Orthop. Surg. Traumatol. 2021, 31, 1611–1624. [Google Scholar] [CrossRef]

	



Park, J.H.; Jung, H.W.; Jang, W.Y. Excision of Intramedullary Osteoid Osteomas in the Posterior Tibial Area via Medulloscopy: A Case Report. Medicina 2021, 57, 163. [Google Scholar] [CrossRef] [PubMed]

	



Iwai, T.; Oebisu, N.; Hoshi, M.; Takada, N.; Nakamura, H. Finite Element Analysis Could Predict and Prevent a Pathological Femoral Shaft Fracture after En Bloc Resection of a Large Osteoid Osteoma. Children 2022, 9, 158. [Google Scholar] [CrossRef] [PubMed]

	



De Cataldo, C.; Bruno, F.; Necozione, S.; Novello, M.; Palumbo, P.; Zugaro, L.; Barile, A.; Masciocchi, C.; Arrigoni, F. Weakening or Structural Strengthening? An Evaluation of Bone Density after MRgFUS Ablation for Treatment of Benign Bone Lesions. J. Clin. Med. 2021, 11, 182. [Google Scholar] [CrossRef] [PubMed]

	



Westlake, B.; Mazzi, J.; Tedesco, N. Osteoid Osteoma Treatment with Microwave Ablation: A Report of Two Cases. Medicina 2021, 57, 470. [Google Scholar] [CrossRef]

	



Ciftdemir, M.; Tuncel, S.A.; Usta, U. Atypical osteoid osteomas. Eur. J. Orthop. Surg. Traumatol. 2015, 25, 17–27. [Google Scholar] [CrossRef] [PubMed]

	



Carneiro, B.C.; Da Cruz, I.A.N.; Ormond Filho, A.G.; Silva, I.P.; Guimarães, J.B.; Silva, F.D.; Nico, M.A.C.; Stump, X.M.G.R.G. Osteoid osteoma: The great mimicker. Insights Into Imaging 2021, 12, 32. [Google Scholar] [CrossRef]

	



Liu, E.H.; Stone, N.; Alowami, S.O.; Thoma, A. Proximal Phalanx Osteoid Osteoma: A Case Report and Literature Review. Plast. Reconstr. Surg. Glob. Open 2017, 5, e1332. [Google Scholar] [CrossRef] [PubMed]

	



Roessner, A.; Schoeder, V.; Smolle, M.; Haybäck, J. Osteoidbildende Knochentumoren: Morphologie und aktuelle translationale Zellbiologie [Osteoid-forming bone tumors: Morphology and current translational cell biology]. Pathologe 2020, 41, 123–133. (In German) [Google Scholar] [CrossRef]

	



Seemann, R.; Böning, G.; Schwabe, P.; Teichgräber, U.; Gebauer, B.; Streitparth, F. Osteoid osteoma: Treatment outcome and long-term follow-up after MRI-guided laser ablation. Ann. Transl. Med. 2022, 10, 240. [Google Scholar] [CrossRef]

	



Vlaic, J.; Lamot, L.; Simunic, S.; Harjacek, M.; Bojic, D. Unusual localization and presentation of osteoid osteoma mimicking juvenile spondyloarthritis: A case report. BMC Musculoskelet. Disord. 2019, 20, 17. [Google Scholar] [CrossRef]

	



Becce, F.; Theumann, N.; Rochette, A.; Larousserie, F.; Campagna, R.; Cherix, S.; Guillou, L.; Mouhsine, E.; Anract, P.; Drapé, J.L.; et al. Osteoid osteoma and osteoid osteoma-mimicking lesions: Biopsy findings, distinctive MDCT features and treatment by radiofrequency ablation. Eur. Radiol. 2010, 20, 2439–2446. [Google Scholar] [CrossRef]

	



Laredo, J.D.; Hamze, B.; Jeribi, R. Percutaneous biopsy of osteoid osteomas prior to percutaneous treatment using two different biopsy needles. Cardiovasc. Interv. Radiol. 2009, 32, 998–1003. [Google Scholar] [CrossRef] [PubMed]

	



Hoffmann, R.T.; Jakobs, T.F.; Kubisch, C.H.; Trumm, C.G.; Weber, C.; Duerr, H.R.; Helmberger, T.K.; Reiser, M.F. Radiofrequency ablation in the treatment of osteoid osteoma-5-year experience. Eur. J. Radiol. 2010, 73, 374–379. [Google Scholar] [CrossRef]

	



Wałejko, S.; Napora, J.; Mazurek, T. Osteoid osteoma mimicking tuberculosis and juvenile idiopathic arthritis—A case report. Chir. Narz. Ruchu Ortop. Pol. 2022, 87, 32–35. [Google Scholar] [CrossRef]

	



Kuhaimi, T.A.; Alenezi, G.; Alawaji, A.; Alshaikh, M.; Bauones, S. Intra-articular hip joint osteoid osteoma: Challenging diagnosis and percutaneous radiofrequency ablation treatment. Radiol. Case Rep. 2021, 16, 3315–3320. [Google Scholar] [CrossRef] [PubMed]

	



Glanzmann, M.C.; Imhoff, A.B.; Schwyzer, H.K. Osteoid osteoma of the shoulder and elbow: From diagnosis to minimally invasive removal. Int. Orthop. 2013, 37, 2403–2408. [Google Scholar] [CrossRef]

	



Miyazaki, M.; Aoki, J.; Miyazaki, A.; Nakajima, T.; Koyama, Y.; Shinozaki, T.; Endo, K. Percutaneous radiofrequency ablation of osteoid osteoma using cool-tip electrodes without the cooling system. Jpn. J. Radiol. 2011, 29, 138–143. [Google Scholar] [CrossRef]

	



Tepelenis, K.; Skandalakis, G.P.; Papathanakos, G.; Kefala, M.A.; Kitsouli, A.; Barbouti, A.; Tepelenis, N.; Varvarousis, D.; Vlachos, K.; Kanavaros, P.; et al. Osteoid Osteoma: An Updated Review of Epidemiology, Pathogenesis, Clinical Presentation, Radiological Features, and Treatment Option. Vivo 2021, 35, 1929–1938. [Google Scholar] [CrossRef]

	



Chai, J.W.; Hong, S.H.; Choi, J.Y.; Koh, Y.H.; Lee, J.W.; Choi, J.A.; Kang, H.S. Radiologic diagnosis of osteoid osteoma: From simple to challenging findings. Radiographics 2010, 30, 737–749. [Google Scholar] [CrossRef]

	



Daghighi, M.H.; Mahmoudpour, M.; Akhavi Milani, A. Osteoid osteoma of the second metatarsal bone diagnosed on MRI: A case report and literature review. Radiol. Case Rep. 2021, 17, 423–426. [Google Scholar] [CrossRef]

	



Smolle, M.A.; Gilg, M.M.; Machacek, F.; Smerdelj, M.; Tunn, P.U.; Mavcic, B.; Lujic, N.; Sopta, J.; Repsa, L.; Igrec, J.; et al. Osteoid osteoma of the foot: Presentation, treatment and outcome of a multicentre cohort. Wien. Klin. Wochenschr. 2022, 134, 434–441. [Google Scholar] [CrossRef]

	



Bhure, U.; Roos, J.E.; Strobel, K. Osteoid osteoma: Multimodality imaging with focus on hybrid imaging. Eur. J. Nucl. Med. Mol. Imaging 2019, 46, 1019–1036. [Google Scholar] [CrossRef] [PubMed]

	



Cinka, H.; Coskun, H.S.; Ozturk, M.; Say, F.; Baris, Y.S. Osteoid Osteoma of the Distal Phalanx of the Foot: An Atypical Location. J. Am. Podiatr. Med Assoc. 2019, 109, 334–337. [Google Scholar] [CrossRef] [PubMed]

	



Bellemans, M.; de Saint-Aubin de Somerhausen, N.; Lê, P.Q. Osteoid Osteoma: A Unique Presentation in a Child’s Lesser Toe. Case Rep. Orthop. 2021, 2021, 8876584. [Google Scholar] [CrossRef] [PubMed]

	



Daher, J.C.; Boushnak, M.O.; Al Najjar, E.N.; Tannoury, E.H.; Moucharafieh, R.C. Osteoid Osteoma of the Distal Phalanx: A Rare Condition. Cureus 2021, 13, e19077. [Google Scholar] [CrossRef]

	



Ekmekci, P.; Bostanci, S.; Erdoğan, N.; Akçaboy, B.; Gürgey, E. A painless subungual osteoid osteoma. Dermatol. Surg. 2001, 27, 764–765. [Google Scholar] [CrossRef]

	



Noordin, S.; Allana, S.; Hilal, K.; Nadeem, N.; Lakdawala, R.; Sadruddin, A.; Uddin, N. Osteoid osteoma: Contemporary management. Orthop. Rev. 2018, 10, 7496. [Google Scholar] [CrossRef]

	



Wałejko, S.; Mazurek, T.; Żychliński, M. Bifocal osteoid osteoma of the talus treated with thermal ablation and navigation 3D—Case report. Chir. Narz. Ruchu Ortop. Pol. 2020, 85, 25–28. [Google Scholar] [CrossRef]

	



Güner, M.D.; Kamburoğlu, H.O.; Bektaş, U.; Ay, Ş. Osteoid osteoma of the lunatum mimicking Kienböck’s disease. Case Rep. Plast. Surg. Hand Surg. 2015, 2, 19–21. [Google Scholar] [CrossRef]

	



Salva-Coll, G.; Terrades-Cladera, X. Osteoid osteoma of the hamate presenting as a midcarpal synovitis. J. Wrist Surg. 2015, 4, 61–64. [Google Scholar] [CrossRef]

	



El Haj, N.I.; Hafidi, S.; Karam, R.; Boubia, S.; Karkouri, M.; Ridai, M. Osteoid osteoma of the rib: A report of an extremely rare condition. Int. J. Surg. Case Rep. 2022, 94, 107139. [Google Scholar] [CrossRef]

	



Ellingsen, T.; Nalley, A.; Oda, D.; Dodson, T.B.; Lee, P.P. Osteoblastoma and Osteoid Osteoma of the Mandible: Review of the Literature and Report of Two Cases. Case Rep. Dent. 2022, 2022, 7623855. [Google Scholar] [CrossRef]

	



Somma, F.; Stoia, V.; D’Angelo, R.; Fiore, F. Imaging-guided radiofrequency ablation of osteoid osteoma in typical and atypical sites: Long term follow up. PLoS ONE 2021, 16, e0248589. [Google Scholar] [CrossRef]

	



Bhambhu, V.; Patel, P.G.; Mehendiratta, D.; Dalvie, S. Complete Surgical Excision with Pre-operative Localization of Lesion Under CT-Guidance of Osteoid Osteoma of the Sacrum—A Case Report. J. Orthop. Case Rep. 2020, 10, 56–60. [Google Scholar] [CrossRef] [PubMed]

	



Amin, Z.H.F.; Al-Rasheedi, R.S.; Sairafi, M.H.; Alrashidi, Y. Osteoid osteoma of scapular glenoid: A case report. Int. J. Surg. Case Rep. 2020, 77, 143–146. [Google Scholar] [CrossRef]

	



Sharma, S.; Rajnish, R.K.; Prakash, M.; Agarwal, S.; Dhillon, M.S. Patellar Osteoid Osteoma as a Cause of Intractable Anterior Knee Pain—A Case Report and Systematic Review of Literature. J. Orthop. Case Rep. 2020, 10, 29–34. [Google Scholar]

	



Christodoulou, A.; Ploumis, A.; Karkavelas, G.; Terzidis, I.; Tsagias, I. A rare case of juxtaarticular osteoid osteoma of the calcaneus initially misdiagnosed as juvenile chronic arthritis. Arthritis Rheum. 2003, 48, 776–779. [Google Scholar] [CrossRef]

	



Traore, S.Y.; Dumitriu, D.I.; Docquier, P.L. Intra-articular osteoid osteoma mimicking juvenile arthritis. Case Rep. Orthop. 2014, 2014, 912609. [Google Scholar] [CrossRef]

	



Turkmen, I.; Alpan, B.; Soylemez, S.; Ozkan, F.U.; Unay, K.; Ozkan, K. Osteoid osteoma of the great toe mimicking osteomyelitis: A case report and review of the literature. Case Rep. Orthop. 2013, 2013, 234048. [Google Scholar] [CrossRef]

	



Abd El Baky, H.; Thomas, R.D.; Kuechle, J.; Abdul-Aziz, R. Acetabula Osteoid Osteoma Mimicking Juvenile Idiopathic Arthritis and Chronic Recurrent Multifocal Osteomyelitis. Case Rep. Rheumatol. 2020, 2020, 8810735. [Google Scholar] [CrossRef]

	



Shah, J.; Gandhi, D.; Chauhan, A.; Gupta, S. Imaging Review of Pediatric Benign Osteocytic Tumors and Latest Updates on Management. J. Clin. Med. 2021, 10, 2823. [Google Scholar] [CrossRef]

	



Allen, S.D.; Saifuddin, A. Imaging of intra-articular osteoid osteoma. Clin. Radiol. 2003, 58, 845–852. [Google Scholar] [CrossRef]

	



Seniaray, N.; Jain, A. Osteoid Osteoma Mimicking Inflammatory Synovitis. Indian J. Nucl. Med. 2017, 32, 194–197. [Google Scholar] [CrossRef]

	



Challawar, N.S.; Shah, H.H. Intra-articular osteoid osteoma of the distal humerus: A diagnostic challenge. BMJ Case Rep. 2014, 2014, bcr2013202943. [Google Scholar] [CrossRef] [PubMed]

	



Zeng, H.; He, H.; Tong, X.; Wang, Z.; Luo, R.; Liu, Q. Osteoid Osteoma of the Proximal Femur: Pitfalls in Diagnosis and Performance of Open Surgical Resection. Front. Surg. 2022, 9, 922317. [Google Scholar] [CrossRef]

	



van den Bekerom, M.P.; van Hooft, M.A.; Eygendaal, D. Osteoid osteoma of the elbow mimicking hemophilic arthropathy. World J. Clin. Cases 2014, 2, 104–107. [Google Scholar] [CrossRef]

	



Song, M.H.; Yoo, W.J.; Cho, T.J.; Chung, C.Y.; Park, M.S.; Cheon, J.E.; Choi, I.H. Clinical and radiological features and skeletal sequelae in childhood intra-/juxta-articular versus extra-articular osteoid osteoma. BMC Musculoskelet. Disord. 2015, 16, 3. [Google Scholar] [CrossRef] [PubMed]

	



Dai, L.; Zhang, X.; Mei, Y.; Gao, G.; Huang, H.; Wang, C.; Ju, X.; Xu, Y.; Wang, J. Arthroscopic Excision of Intra-Articular Osteoid Osteoma of the Hip: A Case Series. Arthroscopy 2021, 37, 3104–3112. [Google Scholar] [CrossRef] [PubMed]

	



Gao, G.; Wu, R.; Liu, R.; Ao, Y.; Wang, J.; Xu, Y. Hip arthroscopy has good clinical outcomes in the treatment of osteoid osteoma of the acetabulum. BMC Musculoskelet. Disord. 2021, 22, 491. [Google Scholar] [CrossRef]

	



Tomasevich, K.; Lindsay, A. Osteoid osteoma of the femoral neck mistaken as a synovial herniation pit. Radiol. Case Rep. 2021, 16, 3844–3849. [Google Scholar] [CrossRef]

	



Bedard, T.; Mohammed, M.; Serinelli, S.; Damron, T.A. Atypical Enostoses-Series of Ten Cases and Literature Review. Medicina 2020, 56, 534. [Google Scholar] [CrossRef]

	



Chen, Y.L.; Jiang, W.Y.; Ma, W.H. Osteoid osteoma: Lower back pain combined with scoliosis. J. Int. Med Res. 2020, 48, 300060520903873. [Google Scholar] [CrossRef] [PubMed]

	



Xu, Q.; Liu, W.; Xu, H.; Cui, L.; Li, Y.; Shan, H.; Huang, Z.; Ma, K.; Niu, X. Avoiding Misdiagnosis and Missed Diagnosis for Appropriately Treating Spinal Osteoid Osteomas: A Single-Center Experience. Orthop. Surg. 2022, 14, 868–875. [Google Scholar] [CrossRef] [PubMed]

	



Ishikura, Y.; Yoshida, R.; Yoshizako, T.; Kishimoto, K.; Ishikawa, N.; Maruyama, R.; Kitagaki, H. Osteoid osteoma of the rib with strong F-18 fluoro-deoxyglucose uptake mimicking osteoblastoma: A case report with literature review. Acta Radiol. Open 2021, 10, 20584601211022497. [Google Scholar] [CrossRef]

	



Izzo, A.; Zugaro, L.; Fascetti, E.; Bruno, F.; Zoccali, C.; Arrigoni, F. Management of Osteoblastoma and Giant Osteoid Osteoma with Percutaneous Thermoablation Techniques. J. Clin. Med. 2021, 10, 5717. [Google Scholar] [CrossRef]

	



De Salvo, S.; Pavone, V.; Coco, S.; Dell’Agli, E.; Blatti, C.; Testa, G. Benign Bone Tumors: An Overview of What We Know Today. J. Clin. Med. 2022, 11, 699. [Google Scholar] [CrossRef] [PubMed]

	



Georgiev, G.P.; Slavchev, S.A.; Dimitrova, I.N. Osteoid Osteoma of the Middle Phalanx of the Third Finger in a Child Mimicking a Malignancy. Folia Medica 2018, 60, 314–317. [Google Scholar] [CrossRef] [PubMed]

	



Lam, S.W.; Cleven, A.H.G.; Kroon, H.M.; Briaire-de Bruijn, I.H.; Szuhai, K.; Bovée, J.V.M.G. Utility of FOS as diagnostic marker for osteoid osteoma and osteoblastoma. Virchows Arch. 2020, 476, 455–463. [Google Scholar] [CrossRef]

	



Ramnath, R.R.; Rosenthal, D.I.; Cates, J.; Gebhardt, M.; Quinn, R.H. Intracortical chondroma simulating osteoid osteoma treated by radiofrequency. Skelet. Radiol. 2002, 31, 597–602. [Google Scholar] [CrossRef]

	



Cao, X.; Ren, Q.; Li, X.; Tian, Y.; Wang, Z. Correction to: Epiphyseal enchondroma masking as osteoid osteoma: A case report. Eur. J. Med. Res. 2021, 26, 53. [Google Scholar] [CrossRef]

	



Yeh, Y.L.; Yeh, S.I.; Cheng, C.T. Intramuscular hemangioma causing periosteal reaction and cortical hypertrophy misdiagnosed as osteoid osteoma. Int. J. Surg. Case Rep. 2017, 34, 106–109. [Google Scholar] [CrossRef]

	



Tilahun, T. Vaginal Leech Infestation: A Rare Cause of Hypovolumic Shock in Postmenopausal Woman. Ethiop. J. Health Sci. 2015, 25, 377–380. [Google Scholar] [CrossRef]

	



Patel, A.; Davies, M.; James, S.; Azzopardi, C.; Botchu, R. A Rare Presentation of Osteoid Osteoma in a 77-Year-Old Patient, Treated with Computer Tomography-Guided Percutaneous Radiofrequency Ablation. Indian J. Radiol. Imaging 2021, 31, 735–739. [Google Scholar] [CrossRef]

	



Erol, B.; Topkar, M.O.; Tokyay, A.; Sofulu, O.; Caliskan, E.; Okay, E. Minimal invasive intralesional excision of extremity-located osteoid osteomas in children. J. Pediatr. Orthop. B 2017, 26, 552–559. [Google Scholar] [CrossRef] [PubMed]

	



Gryglewski, K.; Napora, J.; Wałejko, S.; Mazurek, T. Recent advances on diagnosis and treatment of osteoid osteoma. Chir. Narzadow Ruchu Ortop. Pol. 2022, 87, 25–31. [Google Scholar] [CrossRef]

	



Jäckle, K.; Lippross, S.; Michel, T.E.; Kowallick, J.T.; Dullin, C.; Lüders, K.A.; Lorenz, H.M.; Tsaknakis, K.; Hell, A.K. A Preclinical Pilot Study on the Effects of Thermal Ablation on Lamb Growth Plates. Children 2022, 9, 878. [Google Scholar] [CrossRef]

	



Mallepally, A.R.; Mahajan, R.; Pacha, S.; Rustagi, T.; Marathe, N.; Chhabra, H.S. Spinal osteoid osteoma: Surgical resection and review of literature. Surg. Neurol. Int. 2020, 11, 308. [Google Scholar] [CrossRef]

	



Erdogan, O.; Gurkan, V. Hand osteoid osteoma: Evaluation of diagnosis and treatment. Eur. J. Med. Res. 2019, 24, 3. [Google Scholar] [CrossRef] [PubMed]

	



Gökalp, M.A.; Gözen, A.; Ünsal, S.Ş.; Önder, H.; Güner, S. An Alternative Surgical Method for Treatment of Osteoid Osteoma. Med. Sci. Monit. 2016, 22, 580–586. [Google Scholar] [CrossRef]

	



Ayas, M.S.; Gül, O.; Okutan, A.E.; Kerimoğlu, S.; Yıldız, M.; Turhan, A.U.; Aynacı, O. Effectiveness and reliability of traditional open surgery in atypical localizations of osteoid osteoma. Jt. Dis. Relat. Surg. 2020, 31, 541–547. [Google Scholar] [CrossRef] [PubMed]

	



Gomes, A.R.; Quatrin, F.Y.; Becker, N.M.; Zanella, R.C.; Rocha, T.M.S. Resection of Bone Tumor Guided by Gamma Probe and Evaluation of Postoperative Pain. Rev. Bras. De Ortop. 2020, 55, 115–120. [Google Scholar] [CrossRef]

	



Goyal, T.; Pandita, N.; Paul, S. Arthroscopic excision of intra-articular sub-periosteal osteoid osteoma of elbow: A case report. SICOT J. 2018, 4, 25. [Google Scholar] [CrossRef] [PubMed]

	



Marwan, Y.A.; Abatzoglou, S.; Esmaeel, A.A.; Alqahtani, S.M.; Alsulaimani, S.A.; Tanzer, M.; Turcotte, R.E. Hip arthroscopy for the management of osteoid osteoma of the acetabulum: A systematic review of the literature and case report. BMC Musculoskelet. Disord. 2015, 16, 318. [Google Scholar] [CrossRef] [PubMed]

	



Plečko, M.; Mahnik, A.; Dimnjaković, D.; Bojanić, I. Arthroscopic removal as an effective treatment option for intra-articular osteoid osteoma of the knee. World J. Orthop. 2021, 12, 505–514. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 12 02721 g001 550] 





Figure 1. X-ray examination of the hip joints with the features of FAI. 
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Figure 2. CT scan showing a focus of OO (arrows) in the right femoral neck. (a) Frontal CT scan; (b) Transverse CT scan. 
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Figure 3. CT scans of the right femur showing flat cortical bone (arrows) after attempted resection and persistent focus of OO. (a) Frontal CT scan; (b) Transverse CT scan. 
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Figure 4. Intraoperative photographs during thermoablation with 3D navigation. 
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Figure 5. MRI scan showing a focus of OO (arrow) in the left femoral neck. 
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Figure 6. Scintigraphy scan of the patient. Arrows indicate increased radioisotope uptake in the left femoral neck. 
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Figure 7. CT scan of the hip joints showing a focus of OO (arrow). 
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Figure 8. MRI scan of the hip joints; subtle changes (arrow) in the right femoral neck made suspicion of fatigue fracture, no focus of OO revealed initially. 
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Figure 9. X-ray view of internal stabilisation with three cannulated screws of the right femoral neck. 
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Figure 10. CT scan of the hip joints showing a focus of OO in the right femoral neck. 
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Figure 11. Intraoperative photographs during thermoablation with 3D navigation. Cannulated screws were unscrewed for the time of ablation, and reinserted after the procedure. 
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Figure 12. First MRI scan of the hip joints with visible focus of OO (arrow) in the femoral head/neck border, unnoticed. 
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Figure 13. CT scan showing a focus of OO (arrow) in the left femoral head. 
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Figure 14. MRI scan of the hip joints showing oedema of the left femoral neck and suggesting inflammation of the hip joint, no nidus revealed. 
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Figure 15. CT scans showing a focus of OO (arrows) in the left femoral neck. (a) Frontal CT scan; (b) Transverse CT scan. 
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Figure 16. Intraoperative photographs during thermoablation with 3D navigation, showing nidus of OO (arrows) in the femur shaft. 
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Figure 17. CT scans showing a focus of OO (arrows) in the left calcaneus. 
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Figure 18. Intraoperative photograph during thermoablation with 3D navigation. 
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Figure 19. CT scan showing a focus of OO (arrow) in the left lesser trochanter. 






Figure 19. CT scan showing a focus of OO (arrow) in the left lesser trochanter.
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Figure 20. MRI scans showing a focus of OO (arrows) in the left tibia. 






Figure 20. MRI scans showing a focus of OO (arrows) in the left tibia.
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Table 1. Comparison of typical and atypical features of osteoid osteoma [25,26,27,28].






Table 1. Comparison of typical and atypical features of osteoid osteoma [25,26,27,28].





	Feature of OO
	Typical
	Atypical





	Type of bone
	Long
	Short, irregular



	Bone location
	Diaphyseal; metaphyseal
	Epiphyseal; intraarticular



	Most commonly affected bones
	Femur, tibia, humerus
	Other



	Nidus quantity
	1
	>1



	Nidus size
	<10 mm
	>10 mm



	Nidus location
	Cortical, subcortical
	Intramedullary



	Age of patient
	<30 yrs.
	>30 yrs.



	Occurrence of pain
	Night pain, awakening, rarely post-exercise
	Day pain



	Characteristics of pain
	Responding to NSAIDs
	Non-responding to NSAIDs
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