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Abstract 

Introduction and purpose 

Osteoid osteoma is a benign osteogenic tumor most commonly diagnosed in adolescents and 

young adults, predominantly males. It typically presents with nocturnally exacerbated bone pain 

responsive to NSAIDs, attributed to prostaglandin overproduction within the nidus. This review 

aims to synthesize current knowledge on the clinical presentation, diagnosis, classification, and 

management strategies for osteoid osteoma. 

State of knowledge:  Although small in size, osteoid osteomas often cause significant 

morbidity due to intense, localized pain. Conventional radiographs may be inconclusive, 

especially in atypical cases, necessitating the use of computed tomography as the diagnostic 

gold standard. Advances in image-guided therapies have largely replaced traditional surgery. 

Radiofrequency ablation (RFA) has become the first-line treatment due to its high success rate, 

low recurrence, and rapid functional recovery. Alternative modalities like cryotherapy and laser 

ablation are effective in select scenarios. 

 

Materials and methods: A review was conducted using PubMed and Google Scholar databases, 

concerning osteoid osteoma published between 2000 and 2024. 

 

Conclusions: Osteoid osteoma is a curable condition with excellent prognosis when 

appropriately managed. Accurate diagnosis and tailored intervention—particularly with 

minimally invasive techniques—enable full symptom resolution in most patients. 

 

 

 

Keywords: Osteoid osteoma; Bone tumor;  Radiofrequency ablation; Computed tomography; 

Minimally invasive treatment 
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1. Introduction 

Osteoid osteoma (OO) is a benign osteogenic neoplasm that constitutes approximately 10–14% 

of all benign bone tumors. Histologically, it is defined by a central nidus typically less than 

15 mm in diameter, surrounded by a dense rim of reactive bone and a fibrovascular stroma [1]. 

The nidus is rich in immature osteoid tissue, osteoblasts, and vascular components. This tumor 

is most commonly seen in adolescents and young adults, predominantly affecting males, with 

the majority of cases occurring between the ages of 5 and 25. The classic symptom of OO is 

localized bone pain, often intensifying at night, which characteristically responds to salicylates 

or NSAIDs this response being attributed to the overproduction of prostaglandins within the 

lesion [2-4]. 

The diaphyseal and metaphyseal regions of long bones, especially the femur and tibia, are the 

most common sites of involvement, although atypical presentations have been documented. 

Imaging plays a central role in diagnosis. Plain radiography may reveal a small, radiolucent 

nidus encircled by dense sclerosis [1,4]. However, computed tomography (CT) remains the gold 

standard, offering superior delineation of the lesion and its cortical localization. Magnetic 

resonance imaging (MRI), while highly sensitive, is less specific, and bone scintigraphy can 

aid in confirming metabolically active lesions by demonstrating a characteristic „double-

density sign” [1-5].  

Historically, surgical excision was the mainstay of treatment but has largely been supplanted by 

minimally invasive image-guided ablation techniques, such as radiofrequency ablation (RFA), 

cryotherapy, and laser photocoagulation. These modalities offer comparable or superior efficacy 

with reduced morbidity, shorter hospital stays, and faster functional recovery. Pharmacological 

management with NSAIDs may be considered in select cases; however, prolonged therapy is 

often limited by systemic side effects and the risk of incomplete symptom resolution [1-3]. 

 

2. Pathogenesis 

The pathogenesis of osteoid osteoma remains a subject of ongoing debate. Some investigators 

regard it as a true benign neoplasm derived from osteoblastic lineage, while others propose it 

represents a reactive or reparative process, possibly triggered by antecedent trauma or localized 

inflammation. Histologically, the nidus comprises immature woven bone interspersed with 

osteoblasts and scattered osteoclasts, surrounded by a fibrovascular matrix and bordered by 

dense sclerotic bone. Vascular proliferation within the nidus and surrounding zone is a 

prominent feature, underscoring the lesion’s hyperemic character [6-8]. 
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A key pathophysiological hallmark is the markedly elevated production of prostaglandins—

particularly prostaglandin E2—within the nidus, with concentrations reported to be up to 1000 

times higher than in adjacent normal bone. These eicosanoids promote vasodilation, increase 

vascular permeability, and stimulate nociceptive nerve endings, resulting in the characteristic 

intense, nocturnal pain. Immunohistochemical studies have confirmed the presence of 

unmyelinated nerve fibers both within and around the nidus, supporting the role of 

prostaglandin-mediated neurogenic inflammation in the symptomatology of OO [9,10]. 

Further supporting the neoplastic hypothesis, angiographic studies have demonstrated a discrete 

arterial supply to the nidus, with early arterial enhancement and contrast pooling consistent with 

tumor vascularity. Nevertheless, the self-limited nature of many OO lesions and their potential 

for spontaneous resolution raise questions about whether the tumor truly behaves as a 

proliferative neoplasm or a benign growth with reactive characteristics[11]. 

 

3. Epidemiology 

Osteoid osteoma ranks as the third most prevalent benign bone tumor, following enchondroma 

and non-ossifying fibroma, and accounts for 2–3% of all primary bone neoplasms [1]. The 

condition primarily affects individuals between the ages of 5 and 30, with a peak incidence 

during adolescence. Males are disproportionately affected, with reported male-to-female ratios 

ranging from 2:1 to 3:1 [1-4]. 

The tumor most frequently involves the appendicular skeleton, particularly the long bones of 

the lower extremity. Over 50% of cases are localized to the femur and tibia, especially in their 

meta-diaphyseal regions. Upper limb involvement is less common, with the humerus being the 

most frequently affected bone, followed by the ulna and radius [7,8]. 

Involvement of the axial skeleton occurs in approximately 6–20% of cases, predominantly 

affecting the posterior elements of the lumbar spine, such as pedicles, laminae, and transverse 

processes. Cervical and thoracic vertebrae are less commonly involved, and sacral lesions are 

rare. Small bones of the hands and feet account for a minority of cases, with the talus being the 

most commonly involved tarsal bone. The calcaneus, phalanges, and metatarsals are affected 

less frequently. Involvement of the skull and facial bones, including the mandible and maxilla, 

is exceptionally rare [7,8]. 

Age and anatomical location may influence clinical presentation and time to diagnosis. Intra-

articular or juxta-articular lesions, which represent about 10% of cases, often present with 

atypical symptoms such as joint effusion, restricted mobility, or synovitis, thereby mimicking 
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inflammatory or degenerative joint disease and delaying diagnosis. Similarly, spinal OO may 

present with scoliosis or radicular pain, further complicating early recognition [7-9]. 

 

4. Screening 

The initial clinical presentation of osteoid osteoma (OO) is often misleading, particularly in 

pediatric populations, where symptoms such as localized limb pain, night-time discomfort, and 

limping may be erroneously attributed to benign overuse injuries or growth-related discomfort. 

These symptoms may precede imaging findings and often lack systemic manifestations such as 

fever or overt inflammation. A typical patient may report progressive, localized pain frequently 

exacerbated at night and transiently alleviated by nonsteroidal anti-inflammatory agents 

without a clear history of trauma [12-14]. 

Physical examination in OO is typically non-specific. Localized tenderness may be noted 

without accompanying swelling, erythema, or deformity. Systemic examination, including 

neurological and vascular assessments, usually remains within normal limits. Laboratory 

investigations such as inflammatory markers (CRP, ESR) and complete blood count are often 

unremarkable, which helps exclude infectious or systemic inflammatory etiologies [15] . 

Conventional radiographs serve as the first-line imaging modality in the evaluation of suspected 

bone lesions. However, their sensitivity may be limited particularly in early or atypical 

presentations. Up to one-third of OO cases may initially appear normal on standard radiographs. 

When visible, OO often appears as a well-circumscribed radiolucent lesion within the cortical 

bone, sometimes with surrounding sclerosis. The classic radiographic feature is the 

identification of a central nidus, although this may be obscured by reactive sclerosis or lesion 

location [14,15]. 

Further diagnostic clarity is achieved through computed tomography (CT), which is considered 

the gold standard for localizing the nidus, especially in cases where radiographs are 

inconclusive. CT offers high-resolution detail of cortical and subcortical bone, making it 

particularly valuable for identifying small lesions, cortical thickening, and subtle sclerosis [12-

14]. 

Magnetic resonance imaging (MRI) plays a supplementary role and may be misleading in OO, 

as it is highly sensitive to bone marrow edema and soft tissue changes, which are not specific 

to this tumor. The lesion typically appears hypointense on T1-weighted sequences and 

hyperintense on T2-weighted sequences, with surrounding bone and periosteal edema. MRI is 

more informative in excluding alternative diagnoses, such as subacute osteomyelitis, stress 

fractures, or other bone-forming tumors [15]. 



7 

Bone scintigraphy using technetium-labeled agents offers excellent sensitivity, particularly in 

metabolically active lesions. It typically reveals a "double-density" sign indicative of increased 

osteoblastic activity surrounding the nidus. However, its specificity is limited, and it is generally 

reserved for cases in which other modalities are inconclusive [12,13]. 

The differential diagnosis of diaphyseal bone lesions in children includes osteomyelitis, Brodie 

abscess, stress fracture, osteoblastoma, and other benign neoplasms such as nonossifying 

fibroma. Clinical and imaging features must be integrated to distinguish OO from these entities. 

For example, unlike OO, osteomyelitis often presents with systemic signs, elevated 

inflammatory markers, and radiographic features such as periosteal reaction or medullary 

involvement. In contrast, OO is typically cortically based, with limited inflammatory response 

and a discrete nidus [12-14]. 

In challenging or atypical presentations, histological confirmation via biopsy may be required 

to differentiate OO from other entities such as osteoblastoma or infectious processes. However, 

in many cases, the combination of clinical features, characteristic imaging findings on CT, and 

therapeutic response to NSAIDs is sufficient to establish a presumptive diagnosis and guide 

treatment [13,14]. 

Examination: 

The clinical assessment of patients with osteoid osteoma (OO) is frequently delayed due to its 

insidious and non-specific presentation. The average duration from symptom onset to definitive 

diagnosis can extend over a year and a half, with some cases spanning decades. Pain remains 

the predominant symptom, reported in over 90% of cases, often with nocturnal intensification 

and partial relief following NSAID administration. Involvement of small bones, particularly 

phalanges, may present with localized swelling and, occasionally, deformities such as nail bed 

hypertrophy or clubbing of digits [15]. 

Limitation in joint mobility is variably reported but may affect a subset of patients when the 

lesion is near articular surfaces or causes reactive soft tissue changes[16]. Upon examination, 

tenderness is generally localized to the involved bone without systemic signs of infection or 

inflammation. Objective findings such as erythema, warmth, or fluctuation are usually absent, 

distinguishing OO from infectious etiologies[16,17]. 

The standard diagnostic approach begins with physical inspection and palpation of the affected 

site, followed by plain radiography. However, early-stage lesions may evade detection due to 

their small size and subtle radiographic features. A typical radiograph may show a small 

radiolucent nidus with surrounding sclerosis, though such findings are not universal. In small 
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bones, particularly in the distal extremities, visualization of the nidus may be impaired due to 

limited reactive changes[17,18]. 

Advanced imaging is essential for conclusive diagnosis. Computed tomography (CT) offers the 

highest sensitivity for nidus detection, especially in cortical and subperiosteal locations. It is 

particularly valuable when standard radiographs are inconclusive or the lesion is located in 

anatomically complex or small bones, such as the phalanges. CT provides detailed visualization 

of the nidus, including its size, internal calcification, and the degree of surrounding bone 

sclerosis [17]. 

Magnetic resonance imaging (MRI) is highly sensitive to reactive bone marrow and soft tissue 

edema, which may assist in lesion localization, especially in juxta-articular regions. However, 

it may lack specificity and occasionally fails to identify the nidus itself. This limitation is 

especially relevant in small bones where peritumoral edema may obscure focal cortical lesions 

[16-18]. 

Nuclear medicine techniques such as bone scintigraphy and SPECT are capable of detecting 

increased osteoblastic activity and can be helpful in localizing lesions when CT is inconclusive. 

However, these modalities are rarely required when clinical suspicion is high and CT imaging 

is available [17,18]. 

Objective evaluation of pain intensity is critical both in diagnostic assessment and post-

treatment follow-up. Scales such as the Visual Analog Scale (VAS) and the Numerical Pain 

Scale (NPS) are routinely used to quantify symptom severity, both during the day and at night, 

as OO-related pain typically intensifies during nocturnal hours [15-17]. 

Histological confirmation is generally reserved for surgical cases, particularly when 

percutaneous ablation is not feasible due to lesion location or size. In such instances, curettage 

or en bloc excision not only achieves definitive diagnosis but also serves as a therapeutic 

intervention. Surgical exploration enables direct visualization and removal of the nidus, which 

is often confirmed by histopathologic analysis. In large case series, histological sensitivity has 

approached 98%, affirming its diagnostic value when imaging findings are ambiguous [17,18]. 

In summary, a thorough clinical examination, coupled with targeted imaging, particularly CT, 

remains the cornerstone of osteoid osteoma diagnosis. Pain patterns, particularly nocturnal 

exacerbation relieved by NSAIDs, provide a strong clinical clue, while imaging helps exclude 

mimicking conditions such as stress fractures, osteomyelitis, and other benign bone tumors [15-

18]. 
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5. Classification 

Osteoid osteomas are classified according to their anatomical location within the affected bone, 

particularly in long tubular bones. While these lesions can appear throughout the skeletal system, 

they demonstrate a predilection for the diaphyseal region [19]. The classification system most 

commonly adopted is based on imaging findings, particularly computed tomography (CT) and 

magnetic resonance imaging (MRI), which enable precise spatial localization of the nidus [19]. 

The widely accepted categorization includes four subtypes: intracortical, subperiosteal, 

endosteal, and medullary. Among these, intracortical osteoid osteomas are by far the most 

prevalent, representing approximately three-quarters of all cases. These lesions are typically 

located within the diaphyseal or metaphyseal cortex of long bones, with the tibia and femur 

being particularly common sites of involvement [19,20]. 

Medullary osteoid osteomas account for about 20% of cases and are often situated in juxta-

articular locations. These include the femoral neck, small bones of the hands and feet, and the 

posterior vertebral elements. The presentation in these regions can be atypical, sometimes 

complicating early diagnosis due to the absence of characteristic cortical thickening [20]. 

Subperiosteal lesions, which are the least common, develop on the external surface of the cortex 

and are frequently encountered along the medial side of the femoral neck or within the small 

bones of the hands, feet, and talus. Because of their superficial positioning, these tumors may 

resemble soft-tissue masses and often elicit minimal surrounding bone reaction, posing 

additional diagnostic challenges [20]. 

Endosteal osteoid osteomas, also rare, occur along the inner cortical surface, abutting the 

medullary cavity. Their localization may result in overlapping imaging features with medullary 

lesions, requiring detailed cross-sectional imaging for accurate classification [20]. 

This anatomical subclassification not only aids in diagnostic accuracy but also influences the 

choice of therapeutic approach, particularly when minimally invasive techniques such as CT-

guided radiofrequency ablation are considered. Lesions located near critical neurovascular 

structures or articular surfaces may necessitate tailored surgical planning to ensure effective and 

safe nidus removal [19,20]. 

 

6. Treatment 

The therapeutic approach to osteoid osteoma has evolved significantly over recent decades, 

transitioning from conventional surgical techniques to advanced minimally invasive methods 

[20,21]. Historically, surgical excision through en bloc resection or curettage was the preferred 
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method, often involving cortical windowing and mechanical debridement using high-speed 

burrs. While effective in eradicating the nidus and alleviating symptoms, surgery carries 

inherent risks including postoperative stiffness, pain, and, in some cases, pathological fractures 

[22]. To address structural compromise, bone grafts, either autologous or allogeneic, may be 

used to reinforce the affected area, especially when curettage leaves the bone weakened [20,23]. 

In response to these limitations, image-guided percutaneous thermal ablation techniques have 

emerged as the standard of care. Among them, radiofrequency ablation (RFA) has become the 

most extensively validated modality due to its high efficacy, minimal invasiveness, and 

favorable safety profile [24-26]. During RFA, stereotactic navigation or CT imaging is utilized 

to precisely localize the nidus. A probe is then introduced under real-time imaging guidance, 

and the lesion is thermally ablated typically at temperatures reaching 90 °C for approximately 

5-6 minutes resulting in coagulative necrosis of the tumorous tissue. In cases of eccentric or 

large lesions, repositioning of the electrode and multiple overlapping ablations may be required 

to achieve complete coverage [25]. 

Modifications to RFA protocols such as reducing the target temperature to 75 °C or 

implementing dual ablation cycles separated by cooling intervals have demonstrated promise 

in minimizing heat-related complications, especially in anatomically delicate areas such as the 

phalanges. Additional protective strategies, including the application of chilled saline-soaked 

gauze at the electrode entry point, further reduce the risk of thermal damage to surrounding soft 

tissues [22,26]. 

Other energy-based modalities, such as interstitial laser ablation (ILA), cryoablation, and high-

intensity focused ultrasound (HIFU), have also been explored. ILA employs optical fibers to 

deliver focused light energy that is converted into heat, offering a precise ablation zone with 

minimal collateral injury [27-30]. Cryoablation, in contrast, induces cell death through extreme 

hypothermia and allows real-time visualization of the ice-ball margin on imaging. Meanwhile, 

MR-guided HIFU represents a non-invasive alternative that combines ultrasonic thermal 

delivery with real-time MRI-based thermometry, thereby eliminating the need for skin 

penetration altogether [30,31]. 

Though each technique presents unique advantages, RFA remains the most widely adopted due 

to its consistent clinical outcomes, broad applicability, and relatively low recurrence and 

complication rates [24,25]. Nonetheless, patient-specific factors such as lesion location, 

proximity to neurovascular structures, and size must inform the choice of treatment. In select 

cases where thermal ablation is contraindicated or technically unfeasible, surgical curettage 

remains a viable alternative [22]. 
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7. Prognosis 

The overall prognosis for patients with osteoid osteoma is highly favorable, especially when 

definitive treatment is administered. Spontaneous resolution has been documented in some 

cases over a period of 18 to 24 months with conservative management using nonsteroidal anti-

inflammatory drugs; however, persistent or debilitating pain often necessitates interventional 

therapy [20]. 

Surgical resection and curettage are associated with high success rates, typically ranging 

between 88% and 97%. However, these procedures often require hospitalization, extended 

recovery time, and carry a higher incidence of postoperative complications, particularly when 

large bone segments are involved [22,23]. In contrast, percutaneous ablation techniques 

especially RFA offer equivalent or superior rates of pain resolution and lesion eradication, with 

significantly reduced procedural morbidity [24-26,28]. Clinical success rates following RFA 

consistently exceed 90%, and recurrence rates are generally reported between 2% and 12%, 

depending on the lesion size, ablation duration, and operator experience [29]. 

Notably, a second ablation procedure is usually effective in patients who experience 

symptomatic relapse after initial treatment, with complete resolution of symptoms in the vast 

majority of re-treated cases [29]. Moreover, MRI follow-up often reveals characteristic post-

ablation changes, including the replacement of the nidus with fibrous tissue, reduction of 

surrounding bone marrow edema, and progressive bone remodeling, all of which support long-

term treatment efficacy [30]. 

The risk of treatment failure has been associated primarily with inadequate ablation time and 

imprecise probe positioning. However, neither patient age nor anatomical site has shown a 

statistically significant correlation with recurrence in most studies. The implementation of 

longer ablation durations (>7 minutes) has been correlated with lower failure rates [29]. 

While the data supporting alternative techniques such as ILA, MWA, and cryoablation are 

expanding, these methods are still considered adjuncts in most institutions and reserved for 

cases where RFA is contraindicated or has failed. Prognostic outcomes with these approaches 

remain encouraging, with comparable success and safety profiles [27,28,31]. 

In summary, when appropriately selected and executed, both surgical and image-guided ablative 

treatments provide excellent long-term outcomes for patients with osteoid osteoma, with the 

vast majority achieving full resolution of pain and a return to normal activities [24-30]. 
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8. Conclusions 

Osteoid osteoma is a benign, yet frequently debilitating bone tumor that predominantly affects 

young individuals. Despite its small size, the lesion’s biologically active nidus produces intense, 

often nocturnal pain due to elevated prostaglandin synthesis and perinidal neurovascular 

irritation. Accurate diagnosis requires a high index of clinical suspicion, especially in atypical 

anatomical locations or when standard radiographic findings are inconclusive. Advanced 

imaging modalities, particularly computed tomography, are essential for precise localization of 

the nidus and planning of therapeutic intervention. 

The therapeutic paradigm has shifted from conventional open surgery to image-guided 

percutaneous ablation techniques, with radiofrequency ablation emerging as the treatment of 

choice in most cases. These minimally invasive modalities offer high success rates, rapid 

symptom relief, low complication profiles, and faster return to daily activities. Nonetheless, the 

optimal management approach should be individualized based on lesion location, size, 

proximity to critical structures, and technical feasibility. 

Although surgical excision remains effective, particularly in complex or refractory cases, the 

advent of alternative thermal ablation methods—such as interstitial laser ablation, cryotherapy, 

and MR-guided focused ultrasound—has broadened the armamentarium available for clinicians. 

Each modality presents unique advantages and may serve as a valuable alternative when 

standard RFA is contraindicated or suboptimal. 

In conclusion, with advances in imaging and interventional technology, osteoid osteoma has 

become a highly manageable condition. Early recognition, precise diagnosis, and selection of 

an appropriate, evidence-based therapeutic strategy are key determinants of favorable long-term 

outcomes and complete symptom resolution. 
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