
Abstract. Osteoid osteoma, the third most common benign
bone tumor, usually occurs in the cortex of long bones. It
consists of a radiolucent nidus surrounded by reactive
osteosclerosis. Generally, osteoid osteoma affects young
males. Nocturnal pain that eases with salicylates or
nonsteroidal anti-inflammatory drugs (NSAID) is the typical
clinical presentation. Sometimes, it remains undiagnosed for
a long time. Plain radiography and computed tomography
are usually sufficient for the diagnosis of osteoid osteoma.
Initial treatment includes salicylates and NSAID because the
tumor often regresses spontaneously over 2-6 years. Surgical
treatment is indicated in case of unresponsive pain to
medical therapy, no tolerance of prolonged NSAID therapy
due to side effects, and no willingness to activity limitations.
Nowadays, minimally invasive techniques have replaced
open surgery and are considered the gold standard of
surgical treatment. Although cryoablation seems superior in
terms of the nerve damage and immunotherapy effect,
radiofrequency ablation is the preferred technique.

Osteoid osteoma is a benign, usually solitary bone-forming
tumor accounting for 10-14% of all benign- and 2-3% of all
primary-bone tumors (1). It was first described by
Bergstrand in 1930 and characterized by Jaffe as an entity in
1935 (2). Typical features encompass the radiolucent nidus,
the small size (less than 2 cm in diameter) and the
surrounding reactive osteosclerosis. It usually affects young
males less than 30 years old and is often localized in the
cortex of long bones (3-5). Nocturnal pain that alleviates
with salicylates or nonsteroidal anti-inflammatory drugs
(NSAIDs) should raise suspicion for the presence of osteoid
osteoma (2). In a young active individual, it is not unusual
to have the symptoms for quite a long time, while the case
remains undiagnosed (6).

Plain radiography and computed tomography are usually
sufficient to diagnose osteoid osteoma (6, 7). Initially,
treatment of these tumors is conservative with salicylates or
NSAIDs as some tumors regress spontaneously over 2-6
years (8-10). In case of failure, surgical management is
mandatory. Nowadays, minimally invasive techniques have
replaced traditional open surgery techniques and are now
considered as the gold standard of treatment. Although
success and complication rates between radiofrequency
ablation and cryoablation are equal, radiofrequency ablation
is the preferred technique (11).

In a previous article, we have summarized the
epidemiological, clinical, radiological, and histopathological
features of osteoid osteoma. The purpose of the present article
is to review the updated findings regarding epidemiology,
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pathogenesis, clinical presentation, imaging findings,
treatment options, and prognosis of osteoid osteoma.

Epidemiology

Osteoid osteoma represents the third most common benign
bone tumor after enchondroma and non-ossifying fibroma
(12). It accounts for 10-14% of all benign bone tumors and
2-3% of all primary bone tumors (1, 13, 14). Individuals 5-
30 years old are more susceptible to the development of
osteoid osteoma; a peak incidence is noted during the second
decade of life (1, 2, 5). It is estimated that 70% of osteoid
osteomas develop in patients younger than 20 years (6, 15).
People older than 30 years and children younger than 5 years
are less commonly affected, with 13% and 3% incidence,
respectively (16, 17). Moreover, osteoid osteoma shows a
male predominance (male to female ratio 2-3:1) (1, 2, 5).
The appendicular skeleton is the commonest locus of osteoid
osteoma. Osteoid osteoma is seldom seen in the axial
skeleton, except for the spine, with lower extremities being
more frequently affected than the upper extremities. More
than half of the osteoid osteomas occur in the lower
extremities, especially in the femur and tibia. In the upper
extremities, the humerus is the commonest area of
involvement followed by the ulna and radius (3). 

Approximately 6-20% of osteoid osteomas occur in the
spine. The tumor predominately develops in the posterior
elements like spinous processes, transverse processes,
lamina, pedicles, and facets. The lumbar spine is the
preferred site of occurrence, followed by the cervical spine,
the thoracic spine, and the sacrum (2, 5, 13, 18).   

Small bones of the feet and hands are affected less
frequently. The talus is involved in 2-10% of cases, followed
by the calcaneus (2.7%), phalanges (2%), and metatarsals
(1.7%) (19, 20). Jackson et al. reported that 10% of osteoid
osteoma involve the hand: 6% the phalanges, 2% the
metacarpal bones, and 2% the carpal bones (19). In a recent
study, Erdogan et al. evaluated 9 hand osteoid osteoma
cases. They found that 67% of the tumors developed in the
proximal phalanx, 22% in the middle phalanx, and 11% in
the metacarpal (21). The involvement of the skull and facial
bones is exceptionally rare (22, 23).

Classification

The classification of osteoid osteomas depends on its
location. Osteoid osteomas are classified as intracortical,
subperiosteal, endosteal, and medullary (24). The commonest
type is intracortical lesions (75%), followed by medullary
(20%), subperiosteal, and endosteal lesions (both 5%) (4). 
Intracortical lesions are usually located in the diaphysis or
metaphysis of the long tubular bones like the tibia and femur.
Medullary tumors are typically juxta-articular in location and

are often observed in the femoral neck, hands, feet, and
posterior elements of the spine. Subperiosteal osteoid osteomas
are situated on the cortex’s external aspect, whereas endosteal
tumors are found on the cortex’s internal aspect. Subperiosteal
tumors are normally apparent along the medial aspect of the
femoral neck, hands, feet, and neck of the talus (4, 25).

Pathophysiology

The pathogenesis of osteoid osteoma remains controversial.
Some authors suggest that osteoid osteoma is a benign bone
tumor, while others believe it may represent an inflammatory
process or unusual healing. The tumor’s histological
similarity to osteoblastoma and the presence of atypical
cellular and trabecular component support the hypothesis that
osteoid osteoma is a benign tumor derived from osteoblasts.
Features like the relatively small size, the self-limited nature,
and the presence of intracellular viral particles favor the
inflammatory process. Additionally, extremely high levels of
prostaglandins have been found in osteoid osteomas, which
may play an essential role in developing these tumors (2, 6).
Some authors propose that the lesion is an attempt at repair
but with no evidence of fracture, infarction, or infection (2).
The vascular nature of the lesion has been demonstrated by
angiography. A small feeding artery has been seen in the
early arterial phase and a contrast filling of the nidus has
been obtained during angiography (26).

Prostaglandins are considered to be responsible for pain
generation. According to Healey et al., prostaglandins
increase the vessels’ diameter and permeability, raising the
vessels’ size and flow in the bony lesion, and finally
increasing pressure and pain. Alternatively, prostaglandins
affect the bradykinin system, amplifying pain, just like
injured soft tissues (27). Besides, the response to salicylates
or NSAIDs, which affect prostaglandins synthesis,
demonstrates the fundamental role of prostaglandins in the
pathophysiology of pain (2, 5).

Gross Pathology and Histopathology

Macroscopically, osteoid osteoma is a well-circumscribed
tumor, red in color with soft and friable composition and a
dimeter of 1.5-2 cm. Its consistency rises, and its reddish color
lessens due to the central part of the nidus’ osseous maturation,
either spontaneously or after treatment. These changes are in
proportion to the degree of bone tissue maturation (5).

Histologically, it is composed of a central nidus, which
contains sheets of immature woven bone, occasionally with
osteoblastic rimming, scattered osteoclasts in the fibrous
connecting tissue that separates the osteoid trabeculae, and
vascular spaces of small and intermediate size. There is a
zone of solid, mature bone in the periphery of the lesion that
surrounds the nidus (5).
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Clinical Presentation

Pain is the predominant symptom and is described as a dull,
constant, aching, and intense pain with varying severity.
Initially, the pain is mild and intermittent but increases in
intensity and persistence over time. The pain usually
deteriorates at night and lessens by morning. It is
characteristically alleviated by salicylates and NSAIDs (2,
5). Swelling can sometimes be the only symptom, especially
in the diaphyseal lesions (13).

When localized in the spine, individuals ordinarily
present with painful scoliosis due to paravertebral muscle
spasm. The incidence of scoliosis is variable (4.5-100%)
(28-30). The tumor is typically located at the apex of
convexity. If the tumor is misdiagnosed for a long time,
scoliosis becomes postural. However, deformity resolves
with early resection, within 18 months, especially in
children younger than 11 years (6, 17). Cervical lesion
manifests with painful torticollis and reduced cervical
range of movements instead of scoliosis. Neurologic
deficits are seen in 0-30% of patients with spinal osteoid
osteoma (28-30).

Osteoid osteoma in the vicinity of the proximal femur or
pelvis can cause knee pain, and the diagnosis may require a
bone scan (13). An intra-articular lesion may produce synovitis
with joint effusion and decreased range of motion can be
noticed (2, 6). If the lesion is close to an open physis, it might
bring about lengthening and/or angular deformity of the
extremity (5, 17). Finally, an osteoid osteoma located in the
hand can provoke monoarticular arthritis, macrodactyly,
clubbing, painless swelling, and absence of bone lysis (31, 32).

Natural History

The course of the disease is unpredictable, protracted, and
depends on the tumor’s location. If misdiagnosed, it can
cause bone widening and deformation or even length
discrepancy and angular deviation when located near a
growth plate (5, 17). If a joint is involved, synovitis and
limited motion can be noticed (2, 6). Moreover, spinal
tumors result in painful scoliosis or torticollis depending on
the location (28-30).

Occasionally, osteoid osteoma might heal spontaneously
after a period ranging from 3-7 years (5). Atar et al.
described two stages of the disease: The first stage is
characterized by pain lasting 18-36 months, during which the
steadily use of analgesics is necessary. The second stage
includes the healing of the nidus, which usually takes 3-7
years (33). In the past, authors reported a spontaneous
regression of clinically and radiologically diagnosed osteoid
osteoma during an average of 6 years (range=2-15 years).
Unfortunately, there was no histological confirmation in
these cases (2, 8).

Imaging

Plain radiography. In most cases, plain radiography combined
with the characteristic clinical presentation is required to
establish an osteoid osteoma diagnosis. Plain radiography
should be the first imaging modality to assess patients with
bone pain. At least two orthogonal views centered over the
lesion should be obtained (6). The radiographic appearance of
the tumor depends on its location within the involved bone.
Lesions located in certain areas of the skeleton are difficult to
evaluate by radiographs. These areas encompass the spine, the
femoral neck, and the hands and feet’ small bones (34). In a
meta-analysis of 223 patients with an osteoid osteoma in the
hands and feet, Jordan et al. reported that plain radiography
had a detection rate of only 66% (20).

The typical lesion is a round or oval radiolucent area
measuring less than 1.5-2 cm. This area is surrounded by
fusiform sclerosis to a varying degree (12, 25). Central
calcification is often observed in the radiolucent nidus (35).
Occasionally sclerosis and cortical thickening may obscure
the nidus (5). Rarely, the nidus appears as a bone island or
normal cortical bone due to complete ossification (36).

The degree of sclerosis surrounding the nidus depends on
the tumor’s location. Diaphyseal lesions exhibit more sclerosis
than epiphyseal and metaphyseal lesions. In cortical tumors,
sclerosis is considerable, whereas medullary tumors provoke
less sclerosis than their intracortical counterparts. Subperiosteal
lesions demonstrate minimal sclerosis and may appear as soft
tissue lesions adjacent to the affected bone. Worth noting is that
long-lasting tumors produce more sclerosis. Children also
display more sclerosis than adults (4, 37).

In subarticular and intracapsular tumors, sclerosis may be
absent or minimal or occur at a distance from the lesions.
This phenomenon is usually seen in tumors of the femoral
neck; the femoral neck periosteum is different and unable to
provoke evident cortical thickening (25, 38, 39). The lack of
cambium, the femoral neck periosteum’s inner cellular layer,
is responsible for the minimal or absent cortical thickening
(12). The femoral neck surface has significant less cellular
periosteum compared to the femoral diaphysis (40).
However, an intraarticular osteoid osteoma might provoke
bone sclerosis at a distance from its location, for example in
the upper part of the underlying femoral shaft (25, 35).

Computed tomography (CT). CT is the modality of choice
for the diagnosis of osteoid osteoma; it is superior to plain
radiography for detecting these tumors, especially in areas
that are difficult to image on plain radiography (Figure 1) (7,
41). According to several authors, the detection rate of spinal
osteoid osteomas by CT is almost 100% (34, 42). Jordan et
al. reported that osteoid osteoma’s detection rate in hand and
foot is 96.5% (20). Assoun et al. compared the diagnostic
accuracy of CT and magnetic resonance imaging in 19
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patients with histologically proven osteoid osteoma before
excising the lesion. The authors found that CT was more
accurate than magnetic resonance imaging in detecting the
osteoid osteoma nidus in 63% of cases (43).

Typically, osteoid osteoma shows up as a well-defined
round or oval area of soft-tissue attenuation. The lesion is
surrounded by reactive sclerosis, which varies from being
amazingly dense to showing no reaction. The nidus enhances
after the intravenous administration of the contrast agent (4).
The calcified center of the nidus, known as the "bulls-eye"
appearance, is visible on CT in about 50% of cases (25, 43).
Calcification of the nidus is characterized as punctate,
amorphous, or ring-like (4). Osteoid osteomas are frequently
surrounded by thin linear or serpentine grooves in the
surrounding bone. These grooves represent the presence of
enlarged arterioles delivering blood from the periosteum to
the nidus (44). This finding is called the "vascular groove"
sign and can be detected in about 80% of cases (45, 46). Liu
et al. found that the "vascular groove" sign was moderately
sensitive but highly specific for the differentiation of osteoid
osteoma from other radiolucent bone tumors (47).

Magnetic resonance imaging (MRI). MRI is inferior to CT
for detecting and characterizing osteoid osteoma (6). If used
as the primary imaging modality, the risk of misdiagnosis is
35% (20, 43, 48). Nevertheless, MRI can be beneficial in
certain cases as it demonstrates cortical involvement and
intramedullary and soft tissue spread (Figure 2). Also, it is
excellent in illustrating the nidus in cases of intra-articular
lesions (6).

The nidus generally displays low to intermediate signal
intensity on T1-weighted images and heterogeneous high
signal intensity on T2-weighted and short tau inversion
recovery (STIR) images (7, 43, 48). Perilesional sclerosis
and central calcifications exhibit low signal intensity with
both T1-weighted and T2-weighted sequences (4, 12). After
the administration of gadolinium, osteoid osteoma enhances
on T1-weighted images. Several authors reported that osteoid
osteoma shows a peak in signal enhancement during the
arterial phase in 82% of the cases (46, 49, 50). Bone marrow
oedema around the nidus is illustrated in 60% of cases,
whereas soft tissue oedema adjacent to the lesion is visible
in over half of the patients. Intra-articular tumors cause
synovitis and joint effusion, which can be evident on MRI
(39, 51, 52).

Nuclear imaging. Scintigraphy examines metabolic activity
and detects new bone lesions through whole-body images in
a single examination (53). Bone scintigraphy using 99mTc
detects osteoid osteoma by increasing activity at the tumor
site with a reported sensitivity of nearly 100% (54, 55). The
classic finding is the “double density” sign, which consists
of a focal area with increased uptake, surrounded by a less

dense uptake area. The central area represents the nidus and
the surrounded area the host bone tumor response. Although
this sign is very specific in the appendicular skeleton, it is
less frequently visible in the spine due to the less
osteosclerosis in the vertebrae (35, 56, 57). 

Single photon emission computed tomography (SPECT)
imaging with three-dimensional reconstruction techniques is
a valuable tool for detecting small lesions and lesions in
areas with complex anatomy such as the posterior elements
of the spine (58-60). In a retrospective study, Sharma et al.
compared the sensitivity, specificity and accuracy of
SPECT/CT, CT, and planar bone scintigraphy in 39 patients
with osteoid osteoma; authors concluded that SPECT/CT had
significantly higher sensitivity, specificity and accuracy (all
100%) compared to CT (77.8%, 92.3%, and 83.8%,
respectively) and planar bone scintigraphy (100%, 38.4%,
and 74.1%, respectively) (61). Radionuclide imaging can be
also used intraoperatively to localize the tumor and establish
the complete removal of the nidus (6).
18-fluorοdeoxyglucose positron-emission tomography (18F-
FDG PET/CT). 18F-FDG PET/CT may have a role in the
diagnosis of osteoid osteoma. It is normally used in the
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Figure 1. Computed tomography (A) and magnetic resonance imaging
(B) scans of an osteoid osteoma located in the talus. Reprinted with
permission (6).

Figure 2. Cortical location of osteoid osteoma in the diaphysis of the
humerus [computed tomography (A) and magnetic resonance imaging
(B) scans]. Reprinted with permission (6).



diagnosis of malignant tumors as 18F-FDG accumulates in
proliferating cancer cells. It has also been used to diagnose
osteoid osteoma since 18F-FDG intensely accumulates in
these tumors (62, 63). Some authors evaluated its use as a
tool to monitor response to therapy. They found a significant
reduction of 18F-FDG uptake after successful radiofrequency
ablation (63). Nonetheless, 18F-FDG PET/CT may produce
false-negative results in detecting osteoid osteoma (4).

Treatment

Initially, osteoid osteoma management is conservative with
salicylates or NSAIDs as some tumors regress spontaneously
over 2-6 years (8, 9). Indications for surgical intervention
encompass unresponsive pain to medical therapy, no tolerance
of prolonged NSAID therapy due to side effects, and no
willingness to activity limitations. For decades, surgical
treatment with open en-bloc resection or curettage was
considered the gold standard in treating osteoid osteoma.
However, this kind of surgical treatment is invasive and has
potential complications (4, 64). Recently, minimally invasive
techniques, especially radiofrequency ablation, laser ablation
and cryoablation, have become the most widely and validated
methods for treating osteoid osteoma. These techniques’ two
main advantages are lower invasiveness and lower cost (11, 50). 

Medical therapy. Osteoid osteoma exhibits a self-limited
course over time. Salicylates and NSAIDs have been used
for the treatment of these tumors with good results. These
drugs inhibit prostaglandin synthesis leading to pain relief.
The main reasons for conservative treatment failure are
persistent pain despite the therapy, reduction of drugs’ initial
effect over time, and little tolerance for ongoing pain among
young, active patients who opt for an aggressive surgical
alternative (15).

The response rate to salicylates and NSAIDs varies from
study to study. Pettine et al. reported a success rate of 90%
after the administration of aspirin or NSAIDs (65). Healey
et al. noted that 73% of patients receiving aspirin 650-3250
mg/day displayed pain relief (27), while Kirchner et al.
found that the success rate ranged from 30-75% after the
administration of aspirin (66). Rofecoxib, a selective
cyclooxygenase-2 inhibitor, displayed a better response to
pain compared to conventional NSAIDs (67). It exhibited a
significant reduction in pain at rest during the day than did
aspirin. It also showed a trend toward lower pain at night and
pain induced by exercise (68). Other drugs like
bisphosphonates were successful in 83% of cases. The long-
term final success was achieved in 74% of patients (69).
Surgical treatment. In the past, surgical treatment was the
treatment of choice for patients with an osteoid osteoma in
whom conservative treatment failed. The aim of surgical
treatment is the complete removal of the nidus to minimize

the risk of relapse. Two surgical excision techniques are
available: En-bloc resection of the lesion and the surrounding
bone and curettage (39, 64). Prophylactic internal fixation is
indicated if a substantial cortex is resected and if the
remaining bone is weakened, while spinal fusion is carried
out in case of instability (27).

The efficacy of surgical treatment is high (4). The reported
success rate for en-bloc resection is 88-100% (64), while
arthroscopic management of intra-articular tumors is
successful in 90% of cases (70). Disadvantages of surgical
treatment encompass general anesthesia risks, prolonged
hospitalization, rehabilitation, and insufficiency fractures at
the site of excision (4). Technical aspects include the
difficulties in detecting the tumor intraoperatively and
identifying the exact amount of bone to resect (64).

Intraoperative localization and identification of the nidus
guided by CT or 99mTc have been reported (6). Additionally,
intraoperative radiographic guidance through 2-D navigation
with the C-arm and recently with 3-D navigation with the O-
arm has been also described (71, 72).

Minimally invasive techniques
CT-guided percutaneous excision. CT-guided percutaneous
excision is an alternative surgical technique. It is carried out
under local anesthesia and CT-guidance. A needle is inserted
into the nidus under CT-guidance. Then, a small incision is
performed, a biopsy punch is inserted through the needle and
the specimen is removed. Postoperative CT is performed to
confirm complete evacuation of the nidus. Finally, a
pathologic examination is done to confirm the diagnosis. The
proper placement of the needle into the nidus is crucial as it
decreases the amount of bone that will be resected during the
surgery and reduces the risk of postoperative fracture (33,
73). The success rate of this method is 83-100% (74-78).

Percutaneous ablation. Radiofrequency ablation, first
described in the early 1990s, uses high-frequency electrical
current to destroy tumors thermally. A needle is placed in the
lesion under CT-guidance and a high-frequency electrical
current is passed through an electrode in the needle, creating
a small heat region. The heat induces coagulation necrosis
of all tissue in a defined area around the electrode (11). This
method has a success rate of 94-95% (79, 80). Lanza et al.
analyzed 27 articles consisted of 1,772 patients with osteoid
osteoma and found a success rate of 95% (81). 

Cryoablation. Cryoablation, first described in 2010, uses freeze
and thaw to destruct tumors. A thin wandlike needle
(cryoprobe) is inserted into the tumor under CT-guidance and
a gas (argon gas or carbon dioxide) is pumped into the
cryoprobe to freeze the tumor. Then, the tumor is allowed to
thaw. Cell death is induced by repeated cycles of rapid freezing
and thawing with a temperature below –40˚C (82). The success
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rate of the technique is 95.2% (83). Whitmore et al. studied 29
patients (mean age 11,3 years, range=1-18 years, 58.6% boys)
with suspected osteoid osteoma. The authors concluded that
short term clinical success (cessation of pain and NSAID use
for >3 months after the procedure) was 96%. In contrast, long-
term clinical success (cessation of pain and NSAID use for >
12 months after the procedure) was 90.5% (84). 

Microwave ablation. Microwave ablation, first described in
2014, uses microwaves to ablate tumors thermally. A needle
is inserted into the lesion under CT-guidance and
microwaves produced by the needle create a small heat
region that heats and destroys the tumor (85, 86). Microwave
ablation is less affected by the type of tissue or tissue
impedance than radiofrequency ablation (87). This method
is highly successful (85).

A recent systematic review and pooled analysis assessed the
efficacy and safety of percutaneous ablation (radiofrequency
ablation, cryoablation, and microwave ablation) in patients with
osteoid osteoma. A total of 36 articles comprising 1,798 patients
were included. The overall success rate was 91.9% and
highlighted that percutaneous ablation is an effective therapeutic
alternative to open surgery. There were no differences between
radiofrequency ablation and cryoablation regarding outcomes.
However, the evidence demonstrated that cryoablation
eliminated the risk of permanent nerve damage and showed an
immunotherapy effect. Further evidence indicated that both
motor and sensory nerves regenerate following (intentional and
unintentional) cryoablation, which may improve ablations’
safety near critical nerves and the spinal cord. Although
microwave ablation exhibits promising results, the literature’s
lack of data forbidden its statistical comparison of efficacy (11). 

Magnetic resonance-guided focused ultrasound. Magnetic
resonance-guided focused ultrasound is an innovative imaging-
guided technique that permits the ablation of osteoid osteoma
without radiation. It seems that this method is an effective and
safe alternative in the treatment of osteoid osteoma in both
children and adults (88, 89). Geiger et al. described the outcomes
of 29 patients with non-spinal osteoid osteoma treated with
magnetic resonance-guided focused ultrasound; the mean age of
the patients was 25 years. The authors found that the complete
clinical success was 90%, and the partial success 10% (88).

Prognosis

According to Healey et al., en-bloc excision showed the
lowest recurrence rate, while curettage and intralesional
resection had the highest (27). Sluga et al. studied 106
patients with osteoid osteoma treated by conventional
surgical methods. The authors noted that relapse was less
frequent after en-bloc excision than curettage (4.5% vs. 12%)
(90). Open surgery complications include perioperative

fractures, prolonged hospital stay, delayed functional
recovery, and the need for bone grafts or internal fixation (4,
27). In Sluga et al., postoperative fractures were observed in
4.5% after en-bloc resection and in 3% after curettage (90). 

The relapse rate of CT-guided percutaneous excision is 0-
12.5% (74, 76, 78). Complications include postoperative
fractures, hematoma, infection, nerve damage, and
osteomyelitis. Sans et al. noted a complication rate of 24%
(77), whereas Raux et al. reported two femoral fractures
(4.7%) (78), Donahue et al. one minor complication (4.7%)
(76) and Roger et al. no complications at all (0%) (74).

The relapse and complication rate of percutaneous ablation
varies between studies. Complications include skin burns,
hematoma, infection, and nerve damage. In Lanza’s systematic
review concerning radiofrequency ablation, the failure rate was
5% and the complication rate meager (2%). In most cases,
complications were minor. Because not all investigators
reported the exact time of recurrence, it was impossible to
associate recurrences with time (81). A recent systematic
review included 69 studies with 3,023 patients with osteoid
osteoma treated by radiofrequency ablation. The global primary
treatment failure was 8.3%, whereas the secondary treatment
failure was 3.1%. Age, tumor location, and duration of ablation
(6 min vs. greater than 6 min, at 90˚C) had no impact on
treatment failure. Concerning the time period, treatment failure
in the later period of studies examined between 2011-2019 was
approximately half that of the earlier period 2002-2010 (7% vs.
14%). The overall complication rate was 3%, with skin burns
being the most frequent (91).

In terms of cryoablation, Santiago et al. reported a
recurrence rate of 4.8% and a complication rate of 14.3%
without any major complication (83). Similarly, Whitmore et
al. reported a minor complication rate of 21% and no major
complications in 29 patients with osteoid osteoma treated by
cryoablation (84).

In the recent systematic review and analysis by Lindquester
et al., success and complication rates between radiofrequency
ablation and cryoablation were similar with the reported rate
of failure being 5.6% for all modalities. Recurrent disease was
responsible for the majority of failures and a second ablation
treated successfully 71.2% of the recurrences. Even though
most recurrences happened in the first few months, some
occurred years after the ablation. This highlights the
importance of long-term follow-up of these patients;
complication rate was exceptionally low (2.5%) (11).

Conclusion

Osteoid osteoma is the third most common benign bone
tumor and normally occurs in the cortex of long bones. It is
composed of a radiolucent nidus and surrounding sclerotic
bone. Typically, osteoid osteoma usually affects individuals
5-30 years and shows a male predominance. Pain is the
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predominant symptom that usually deteriorates at night and
eases with salicylates or NSAIDs. Plain radiography and CT
are the mainstays of diagnosis. MRI can add significant
value since it depicts cortical involvement and
intramedullary and soft tissue spread. Radionuclide imaging
can be used either preoperatively to diagnose or
intraoperatively to localize the tumor and establish the
complete removal of the nidus. The initial treatment of
osteoid osteoma is conservative with salicylates and NSAIDs
as some tumors regress spontaneously over 2-6 years.
Although in the past, surgical excision (en-bloc resection or
curettage) despite its complications was the gold standard in
treating osteoid osteoma, recently, minimal invasive
techniques have gained much popularity; they are efficient
and safer compared to the surgical approach. Nowadays, they
are regarded as the first-line treatment in case of failure of
the conservative treatment. Success and complication rates
between radiofrequency ablation and cryoablation are
similar. Although radiofrequency ablation is the most favored
technique, cryoablation seems superior in terms of nerve
damage and immunotherapy effect. Microwave ablation is a
promising method, but more data are needed to compare its
statistical efficacy and safety.
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