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Osteoid osteoma is a benign bone tumor commonly occurring in the diaphysis and meta-
physis of long bones. Only a few cases were reported in the literature about the rare location
of epiphyseal osteoid osteoma and all were treated surgically. Herein, we report a rare case
of an epiphyseal tibial osteoid osteoma, in a 14-year-old boy, which was initially diagnosed
by imaging and confirmed by histopathology. To the best of our knowledge, this is the first
case of an epiphyseal osteoid osteoma treated successfully by CT-guided radiofrequency
ablation in a pediatric patient with a good outcome and no detrimental effects. The case
highlights the rarity of such presentation, the importance of early imaging and diagnosis,
and the success of CT-guided radiofrequency ablation in the treatment of epiphyseal osteoid
osteoma.
© 2023 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

tion of osteoid osteoma can lead to atypical presentation and
atypical radiographic findings which further delay the diag-
nosis and proper treatment [1]. Herein, we report a case of a

Osteoid osteoma is an idiopathic benign tumor-like growth in
the bone, usually occurring in the second and third decades
of life. They usually present with dull and aching pain that
is worse at night and is relieved by salicylates [1]. They com-
monly occur in the diaphysis and metaphysis of long bones
and only rarely in the epiphysis, with only a few cases reported
in the literature [2,3]. Intraepiphyseal and intra-articular loca-

14-year-old boy presenting with left knee pain of 3 months du-
ration, who was diagnosed with left tibial epiphyseal osteoid
osteoma after computed tomography (CT) scan and magnetic
resonance imaging (MRI) of the left knee. He then underwent
CT guided Tru-cut bone biopsy confirming the diagnosis by
histopathology and subsequently successful treatment and
complete remission by CT-guided radiofrequency ablation.
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Fig. 1 - MRI of the left knee PD FS showing extensive bone
marrow hyperintensities indicating bone marrow edema at
the left medial tibial epiphysis.

Case presentation

A 14-year-old boy, not known case of any medical illness, pre-
sented to the orthopedic department outpatient clinic com-
plaining of left knee pain of 3 months duration. It started sud-
denly, becoming worse in the evening and is relieved with
200 mg of Ibuprofen. There is no history of trauma or any
previous surgery. Initial examination and investigations re-
vealed normal body temperature, white blood cell count, blood
hemoglobin levels, platelets, and hematocrit. Physical exam-
ination revealed mild tenderness in the medial aspect of the
distal left femur and proximal left tibia with minimal limita-
tion of the left knee joint range of motion.

Plain radiography of the left knee, which was done initially,
was unremarkable. MRI proton density (PD) weighted fat sup-
pressed (FS) images shows extensive bone marrow hyperin-
tensities indicating bone marrow edema at the medial tib-
ial epiphysis with small round hypointense area abutting the
growth plate (Fig. 1). CT scan of the left knee revealed a small
focal 5 mm lucent nidus with central area of sclerosis and sub-
tle surrounding sclerosis (Figs. 2A and B). These features are
highly suggestive of osteoid osteoma.

The patient then underwent CT-guided Tru-cut biopsy fol-
lowed by radiofrequency ablation of the lesion under gen-
eral anesthesia by the interventional radiology team (Figs. 3A
and B). The histopathology report showed a sclerosed nidus
of mixed irregular anastomosing bony trabeculae and woven
bone with variable mineralization. The bony trabeculae are
lined by osteoblasts and in places by multinucleated osteo-
clasts too. The lesional stroma is formed by a dense, variably
vascular fibrous tissue. No atypia is seen (Figs. 4A and B).

Upon follow-up, the patient and his father reported signif-
icantly reduced pain scores, with complete resolution of pain
after 8 months with no limping. He is resuming normal ac-
tivities of daily living with normal ambulation and was dis-
charged from our service.

Discussion

Definition, epidemiology, and classification of osteoid osteoma

Osteoid osteoma is a benign osteoblastic skeletal tumor first
described as a neoplasm in 1953 by Henry L. Jaffe, differen-
tiating it from other tumors [4]. Histopathologically, osteoid
osteoma consists of a center or “nidus” of highly vascular-
ized and innervated immature osteoid, enclosed by a rim of
osteoblasts and surrounded by thickened trabecular bone [5].
They typically occur in the second and third decades of life
and account for 10%-14% of all benign tumors and 2%-3% of
all primary bone tumors [6]. Males are more commonly af-
fected with an approximate male:female ratio of 2:1 [7]. The
appendicular skeleton is the commonest location of osteoid
osteoma with the lower extremities more frequently affected
than the upper extremities. It can occur rarely in the axial
skeleton mainly affecting the spine [8]. Osteoid osteomas are
classified, according to location of the nidus, as intracortical,
subperiosteal, endosteal, and medullary [9]. The commonest
type is intracortical lesions (75%), followed by medullary (20%),
subperiosteal and endosteal lesions (both accounting for 5%)
[10]. They usually occur in the diaphysis and metaphysis of
long bones. The occurrence of osteoid osteoma in epiphysis
of long bones is rare, as is the case with our patient, with very
few reports in the literature [2].

Fig. 2 - CT scan of the left knee at the coronal (A) and axial (B) shows 5 mm lucent nidus with central area of sclerosis and

subtle surrounding sclerosis.
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Fig. 3 - Knee biopsy and radiofrequency ablation probe inserted in the nidus (A). The images were taken post
radiofrequency ablation showing complete elimination of the nidus (B).

Fig. 4 - (A and B) Histopathology slides showing the sclerosed nidus (arrow) of mixed irregular anastomosing bony
trabeculae and woven bone with variable mineralization. The bony trabeculae are lined by osteoblasts and in places by
multinucleated osteoclasts too. The lesional stroma is formed by a dense, variably vascular fibrous tissue.

Clinical presentation of osteoid osteoma

The typical clinical presentation of osteoid osteomas is dull,
aching pain at the site of involvement, typically worsened at
night. The pain is relieved by nonsteroidal anti-inflammatory
agents and salicylates which is attributed to the inhibition of
the release of prostaglandin E2 and prostacyclins by the tu-
mor. Intra-articular osteoid osteoma might also present with
decreased range of motion as well as gait or growth distur-
bances. If the lesion involves a bone in the subcutaneous re-
gion, then the patient usually presents with swelling, ery-
thema, and tenderness. Furthermore, lesions within the joint
can also present with synovitis, joint pain, flexion contracture,
decreased range of motion, and antalgic gait or limping. In pe-
diatric cases, if the lesion involves the open physis, then limb
length discrepancy may be the presentation with coronal and
sagittal malalignment [1,5,11,12].

Imaging modalities of osteoid osteoma

The most important imaging finding is the nidus. It is cru-
cial to identify the nidus and assess the nidus mineralization,
size, location, and surrounding sclerosis. A nidus size of less
than 15 mm is highly suggestive of osteoid osteoma. A nidus
size of more than 15 mm should prompt the radiologist to con-
sider other differential diagnosis. Plain radiograph may show

an oval, lytic lesion within dense cortical bone surrounded by
bone thickening and sclerosis. If the nidus is present at the
subperiosteal region, then it is a rounded sclerotic focus ele-
vating the periosteum with limited sclerotic reactions. If lo-
cated intramedullary, then the tumor is well-circumscribed
with complete or partially calcified nidus and minimal or ab-
sent surrounding sclerosis [12].

Nonenhanced CT scan is the best imaging modality for di-
agnosis, further assessment of the location of the nidus and
estimation of the surrounding sclerosis. It shows the well-
defined nidus, which is round or oval with low attenuation,
with varying surrounding reactive sclerosis [12]. On the other
hand, MRI is more sensitive to detect reactive changes in soft
tissue. On MRI, the nidus shows T1-weighted slightly hyper-
intense to isointense signal and T2-weighted variable inten-
sity compared to the adjacent normal muscle. The nidus can
be hypointense in all sequences depending on its vascularity
and mineralization. The surrounding sclerosis appears as low
signal on both T1- and T2-weighted sequences. Moreover, T2-
weighted short Tau inversion recovery sequence is useful in
estimating the surrounding perifocal bone edema. Contrast-
enhanced CT and MRI are not necessary but increase the di-
agnostic accuracy in indeterminate cases as they show rapid
early arterial enhancement of the nidus [5,12]. Technetium
(Tc) 99 bone scintigraphy findings show high central uptake
with surrounding lesser uptake, commonly termed as “double



2610

RAaDIOLOGY CASE REPORTS 18 (2023) 2607-2611

density” sign. Tc 99 scintigraphy is very highly sensitive for the
detection of osteoid osteomas and negative results warrant
MRI evaluation to look for other causes. In cases where the
nidus is not visible or in the presence of equivocal findings, a
biopsy should be performed for histopathologic confirmation
[5,13].

Differential diagnosis of osteoid osteoma

The main differential diagnosis of epiphyseal osteoid os-
teoma is bone infarction, chronic osteomyelitis (Brodie ab-
scess), enchondroma and chondroblastoma [12,14]. The main
differentials to be excluded are other primary bone tumors
that may mimic osteoid osteoma. Chondroblastoma is an un-
common osseous neoplasm, accounting for less than 1% of
bone tumors. Radiographically, chondroblastoma can be dis-
tinguished from other bony lesions as it presents with an ec-
centrically or centrally located lesion with smooth or lobu-
lated margins and thin sclerotic rim involving the epiphysis or
other secondary ossification centers [15]. Enchondromas can
highly mimic osteoid osteoma presenting with osteolytic le-
sions with well demarcated border and specks of calcification.
They may show single or multiple niduses [16]. The differ-
entials are excluded based on radiological findings. As afore-
mentioned, equivocal cases warrant additional imaging tech-
niques such as MRI and radionuclide bone images. A biopsy
should be performed in these cases to confirm the diagnosis.

Treatment of osteoid osteoma

The treatment of osteoid osteoma can be classified into medi-
cal, percutaneous image-guided treatment and surgical resec-
tion. A multidisciplinary management team comprising of in-
terventional radiologist, orthopedic surgeon, anesthesiologist
specialized in pain medicine, specialized radiology technolo-
gist and nursing staff should be involved to provide the best
quality of care to osteoid osteoma patients. The main medi-
cal management is the use of nonsteroidal anti-inflammatory
drugs for pain relief. However, the prolonged use of nons-
teroidal anti-inflammatory drugs can lead to inadequate clin-
ical response, renal, and gastro-intestinal side effects and
eventually drug tolerance. To achieve complete symptomatic
relief, surgical excision by en bloc resection should involve
complete resection of the nidus, which is usually difficult,
and the surgery invariably involves the resection of surround-
ing sclerotic bone for complete excision. This results in bone
weakening, especially in the pediatric population, resulting in
the necessity of bone grafts, further surgeries, and increased
patient morbidity. The gold standard of treatment has become
percutaneous image-guided procedures such as CT-guided ra-
diofrequency ablation that we opted for in our patient. The
procedures are either done under CT or MRI guidance allowing
for accurate localization of the nidus for clinical relief of symp-
toms, without affecting the bone strength. CT guidance is su-
perior to other imaging modalities due to excellent and rapid
visualization of the bones. The eradication of the nidus is done
by either physical destruction with trephine needle or bone
drill, ethanol ablation, or thermal ablation. Moreover, thermal
ablation is done either by radiofrequency ablation, microwave
ablation, or laser ablation [5,12,17].

CT-guided radiofrequency ablation as the gold standard
treatment of osteoid osteoma

CT-guided radiofrequency ablation, first described in 1989, is a
percutaneous, minimally invasive, rapid procedure that uses
thermal ablation. It has outcomes comparable to surgery and
is more feasible in locations that are difficult to access, like the
acetabulum [5,12,17,18]. The mechanism of action is by pass-
ing high-frequency alternating current (>50 KHz) from a ra-
diofrequency generator into the patient’s body through a non-
insulated delivery probe. This results in increased ionic energy
in the body tissues and subsequent increased ionic vibrations
with loss of energy as heat or thermal energy. The thermal
energy generated in the adjacent tissue induces tissue necro-
sis resulting in tissue ablation. The procedure is performed in
the CT room under aseptic conditions. Local anesthesia is suf-
ficient to control the pain; however, the use of general, spinal,
or epidural anesthesia should be discussed with the anesthe-
siologist. CT scan is obtained to precisely locate the lesion for
percutaneous approach. A percutaneous cannula with inner
stylet is introduced through the skin and soft tissue to the le-
sion on the bone surface. Once the position is ensured with
CT imaging, the Kirshner wire is inserted in place of the stylet,
and once within the nidus, it is replaced by electrode that is
connected to the radiofrequency ablator. In cases where the
lesion is peri-articular, like our patient, a minimum of 10 mm
distance between the needle tip and the adjacent cartilage
is recommended. Moreover, in cases of osteoid osteomas of
subcutaneous bones like the tibia, a minimum distance of 1
cm from the skin and neurovascular bundles should be fol-
lowed to avoid skin burn and iatrogenic injury. After the pro-
cedure, the patients can undergo weightbearing and can be
discharged from the hospital on the same day with follow-up.
Rare postprocedure complications include skin burn, muscu-
lar hematoma, infections, and nerve injury [5,18].

Follow-up and prognosis after treatment

A complete pain relief is indicative of the treatment success.
Absence of pain 2 years after the procedure is considered a
clinical success. Incomplete ablation should be suspected in
patients with incomplete pain relief. There are other radio-
graphic findings suggesting complete ablation including the
infilling of the nidus and normalization of the bone density,
and these can be seen in 2-27 months after treatment. Fur-
ther follow-up imaging is usually done by MRI, which is pre-
ferred over CT. Follow-up MRI images show resolution of the
bone edema, peri-lesional synovial reaction, presence of bone
remodeling, and the “ring sign.” The ring sign is the pres-
ence of central hypointensity indicating necrosis with sur-
rounding hyperintense rim denoting demarcation zone be-
tween the healthy and necrotic tissue. This sign indicates ab-
lation within the tissue and usually is seen up to 6 months [5].

Conclusion

In summary, we reported a rare case of tibial epiphyseal os-
teoid osteoma treated successfully with CT-guided radiofre-
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quency ablation. The case highlights the rarity of such pre-
sentation and emphasizes the importance of proper diagnosis
and the success of CT-guided radiofrequency ablation. In our
case, CT-guided radiofrequency ablation resulted in complete
resolution of the patient’s symptoms without side effects like
limping or difficulty with ambulation. Our study provides the
impetus for further studies to confirm the superiority of CT-
guided radiofrequency ablation especially in the case of epi-
physeal osteoid osteomas where surgical resection can lead
to prolonged side effects like limping and limb length discrep-
ancy.

Patient consent

An informed consent was obtained from the patient’s father,
consented for publishing patient anonymous case details,
imaging data, without personal images or identifiable data.
The approval for publication was granted from our institute.
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