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First described by Bergstrand in 1930, osteoid osteomas are
benign lesions of bone.1 The cause of osteoid osteoma is
unknown, but suggested etiologies include benign neoplastic
cells, trauma, and inflammation. Histologically, osteoid os-
teomas are composed of mature lamellar bone and have a
simple karyotype with FOS and FOSB rearrangements on
cytogenetic studies.2,3 This can be utilized as diagnostic
markers for osteoblastoma and osteoid osteoma. There is
no known potential for malignant transformation.3 Osteoid
osteomas account for approximately 5% of all primary bone
lesions and 10% of benign bone tumors. These lesions
measure less than 2 cm in diameter and commonly occur
between the first and third decades of life, with a male
predilection of 3:1.4 Lesionswith a diameter larger than 2 cm
are referred to as osteoblastoma, which has an increased
incidence in patients with Gardner’s syndrome, as they
harbor a germline mutation in the APC gene.2 Lesions have
a predilection for long bones, particularly the diaphysis and
metaphysis of the femur and tibia.5 In the upper limb, the
phalanges of thehand are themost commonly affected sites.6

The typical clinical presentation is a dull persistent ache
that gradually increases on intensity. The pain tends to be
higher at night and is responsive to nonsteroidal anti-
inflammatory drugs. Other symptoms include limping or
progressive scoliosis with spinal lesions.

Radiological imaging is the standard of reference for diag-
nosis. Radiography is the first-line imaging modality and
displays oval lytic lesions in cortical bone with minimal sur-
rounding reactive sclerosis.7Despite the characteristic features
of lesions, radiographs can often be inconclusive or normal in
the presence of an osteoid osteoma (►Fig. 1). Differential
diagnostic considerations on radiographs include a Brodie’s

abscess and/or an osseous stress reaction.8 Chondroblastoma
and clear cell chondrosarcoma are additional differential diag-
noses of epiphyseal lesions in pediatric and young adult
populations. Computed tomography (CT) is often the most
accurate imagingmodality, dueto theability todelineatesubtle
areas of sclerosis around small nidus lesions centrally. Physio-
logical imaging such as bone scintigraphy is highly sensitive for
identifying anactive nidus, but the specificity is reduceddue to
the absence of morphological information and broad differen-
tial diagnosis of lesions and processes that present with
increased radiotracer activity.9 Single-photon emission CT
(SPECT-CT) combines the metabolic information andmorpho-
logical detail for characterization of lesion size, shape, anatom-
ical location (juxta-articular, intra-articular, diaphyseal, etc.),
and the extent of sclerosis. Magnetic resonance imaging (MRI)
affords similar diagnostic performance thanCT,with the added
advantage of the absence of ionizing radiation, which is a
mandatory consideration in this often young patient
population.10

Histopathological examination can also be used in the
diagnosis of osteoid osteomas (►Fig. 2). With hematoxylin–
eosin staining, there is typically a 1- to 2-cm yellow or red
nidus of osteoid and woven bone, which is surrounded by a
rim of vascularized, fibrous connective tissue. Theremayalso
be sclerotic bone surrounding the lesion. Histologically,
osteoid osteomas are similar to osteoblastomas and often
differ only by size.11

Treatment Strategies

The course of osteoid osteomas is long but self-limiting with
lesions usually healing over 18 to 24 months. Thus, some
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osteoid osteomas can be managed conservatively (►Fig. 3)
with nonsteroidal anti-inflammatory drugs alone12; however,
a subset of patients requires invasive treatment if there is
insufficient pain control. Surgical resection or curettage treat-
ments have success rates of 88 to 97%,13 but large resection

margins, prolonged hospitalization, need for rehabilitation,
and riskof pathological fractures are limitations. Percutaneous
thermal ablation treatments, including radiofrequency,
cryoablation, and laser ablation, have replaced open surgery
as the first-line minimally invasive treatment at many insti-
tutions worldwide.

Numerous studies have shown that radiofrequency abla-
tion treatment has similar success rates to open surgical
resection albeit with a significantly reduced risk of compli-
cations.14–17 During radiofrequency ablation, CT or MRI is
used to localize the lesion and plan the needle trajectory
(►Fig. 4).18,19 Multiplanar evaluation of 3D CT and MRI data
or multiaxial 2D MRI is used to ensure optimal placement of
the needle within the nidus. After the skin is prepped and
appropriate anesthetic administrated, the trajectory of the
needle path is carefully planned to avoid neurovascular
damage. An 11- to 14-gauge needle is advanced into the
lesion under image guidance.

In some cases, where there is prominent perilesional
sclerotic bone, a drill can be passed over a guide-wire to
create a path for the needle to pass across the deep lesion
margin. Once the needle is confirmed to be within the nidus,
an electrode is passed through a trocar (commonly 14 gauge)

Fig. 1 A 16-year-old boy presenting with left hip pain, which was worse at night and relieved with aspirin. (a) Anteroposterior pelvic radiograph
was normal. The diagnosis of osteoid osteoma can sometimes be made on standard radiographs; however, as in this case, radiographs are often
normal. MRI (b, c) characteristically demonstrated extensive bone marrow edema (white arrows) around the osteoid osteoma. However, as in
this case, a high degree of bonemarrow edemamay mask the nidus. Note the synovitis with large joint effusion (black arrow) associated with the
lesion. In such patients, CT imaging may be more sensitive in identifying a subtle nidus. Tc-99m bone scintigraphy may be useful for identifying a
metabolically active lesion; however, SPECT-CT (d) is superior in localizing the active nidus (d, arrow), while the CT component provides
morphological information for procedural planning.

Fig. 2 (a) CT-guided core bone biopsy and radiofrequency ablation of an osteoid osteoma (arrow) in the posterior aspect of the proximal tibia of
a young male patient. (b) Two core bone biopsy specimens (arrows) were obtained, which under microscopy (c) demonstrated a distinct
boundary between the nidus and reactive bone (arrows).

Fig. 3 A 17-year-old patient with right hip pain and confirmed
proximal femoral osteoid osteoma (a) with a lucent nidus (white
arrow) who declined percutaneous ablation treatment. One year later,
repeat CT imaging (b) following conservative treatment with non-
steroidal anti-inflammatory drugs demonstrated radiological healing
with involution of the nidus and progressive sclerosis (white arrow).
Delayed symptom regression has been reported with osteoid
osteoma.7,14
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into the center of the nidus, adopting a coaxial technique.
At this point, the electrode is connected to the radiofre-
quency generator.20 The ablation zone can reach up to 90 °C
in temperature. A distance of at least 1 cm away from heat-
sensitive structures is recommended and thermoprotective
measures are implemented.21,22 MRI-guided procedures
offer the use ofMR thermometry tomonitor the temperature
of surrounding tissues.23 After ablation, patients can usually
resume bearing weight on the same day. With a reported
complication rate of only 3%, percutaneous thermal ablation
is a management option with favorable safety profiles for
treating osteoid osteoma and is therefore currently consid-
ered the best first-line therapeutic strategy in cases refrac-
tory to conservative management.24,25 ►Figs. 5 to 7 present
three other patients treated with thermal ablation
techniques.

Another thermal ablation technique for managing osteoid
osteoma is interstitial laser ablation (ILA), which is widely
used in treating thyroid nodules, liver cancer, renal cell
carcinoma, and other diseases.26 Laser ablation involves
tissue coagulation, vaporization, and degradation through
the heat produced by the tissue that absorbs the laser.18 The
initial planning of the procedure is similar to radiofrequency

ablation. Using CT or MRI guidance, imaging is used initially
to locate the lesion and plan the needle trajectory. A coaxial
needle technique is typically used to target the lesion. The
optical laser fibers are then passed through a cannula and
activated. The laser is activated at multiple sites to ensure
adequate destruction of tissue. ILA has been shown to have a
high efficacy of over 99% in some studies27 and a very low
incidence of adverse effects (1%).

Other thermoablation techniques include cryoablation
and high-intensity focused ultrasound (HIFU).28 Cryoabla-
tion involves the use of a liquid–gas; usually, argon, which
flows, circulates through the tip of the cryoprobe in a closed
system to form an ice ball during freezing cycles,19,29,30

which is then followed by the thawing of the ice through
similarly circulating helium gas. Complete osteoid osteoma
cell death is achieved with temperatures of less than �40 °
C.31,32 This method has been used successfully to treat
osteoid osteomas and osteoblastomas.28 However, multiple
probes may be required to target the larger nidus of
osteoblastoma.33

Transcutaneous HIFU describes the delivery of 4 to
400MHz of ultrasound waves via an external probe to
deliver 65 to 85 °C thermal ablation to osteoid osteomas,

Fig. 4 CT-guided percutaneous radiofrequency ablation under general anesthesia in supine position in a 25-year-old male presenting with left
hip pain. (a) The sclerotic central nidus (arrow) is characteristically surrounded by a hypoattenuating halo and surrounding sclerotic reactive
bone. (b) A 13-gauge coaxial bone drill system was utilized to penetrate the healthy cortical bone (arrow) to reach the central aspect of nidus (c).
(d) To prevent unintentional supraphysiological heating of adjacent tissues along the tract of the trocar through heat conduction, the cannula
with the trocar was partially withdrawn by �1 cm, while leaving the electrode tip (e, arrow) in place before commencing ablation. (f) Once the
electrode tip was located just beyond the central aspect of the nidus (arrow), ablation was initiated. As in this case, ablation often requires a
single cycle lasting 4minutes at 90 °C, but up to three treatment cycles may be performed depending on the size of the nidus to achieve a
satisfactory ablation zone.
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resulting in coagulative necrosis with both pain palliation
and locoregional neoplastic cell death. MRI-guided HIFU
has been applied to bladder, prostate, and uterine tumors,
and may be successful in treating osteoid osteomas as
well.34,35

In conclusion, osteoid osteoma is a benign bone lesion that
can cause pain of varying intensities over a prolonged period

in predominantly young patients. When conservative treat-
ment fails, radiofrequency ablation, ILA, and cryoablation
are safe and effective modalities for osteoid osteomas and
preferred over open surgery in many institutions. Radio-
frequency ablation has the broadest scientific body of
evidence.34,36–41 Transcutaneous HIFU is an emerging tech-
nique with promising but early results.42

Fig. 5 Percutaneous radiofrequency ablation of an osteoid osteoma in an 18-year-old patient. (a) Axial CT demonstrated the lucent nidus of the
osteoid osteoma in the proximal femur (arrow) with surrounding reactive sclerosis. (b) Successful radiofrequency ablation of the nidus (arrow).
(c) Final CT images demonstrated the needle track and the bony tunnel (arrow). Follow-up MRI at 12 months utilizing axial T1-weighted (d) and
STIR (e) MR images demonstrated healing of the osteoid osteoma (arrows) and resolution of the bone marrow edema. The patient was pain-free
postprocedure.

Fig. 6 Percutaneous radiofrequency ablation of an intra-articular osteoid osteoma in a 24-year-old male. (a) Axial CT image demonstrated an
osteoid osteoma within the cortex of the proximal humerus, abutting the articular surface of the humeral head at the inferior margin of the
glenohumeral joint (arrow). (b) The trocar (arrow) was advanced to reach the lesion. After removing the trocar obturator (c, arrow), the
electrode (d, arrow) was inserted to commence the ablation process. Intra-articular lesions are often associated with substantial synovitis, pain,
and motion restriction as in this case where thermoprotective measures were not adopted; the patient developed painful synovitis requiring
morphine. Joint distension with dextrose 5% can be used to provide thermoprotection during radiofrequency ablation with continuous
administration to distant cartilage and neurovascular bundles away from the ablation zone. Intra-articular injection of local anesthetic and
steroids may be beneficial to reduce postprocedural pain.
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