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a b s t r a c t

We present a 13-month-old boy who had a successful Computed Tomography (CT) guided percutaneous
radiofrequency ablation (RFA) treatment for the osteoid osteoma (OO) on proximal part of the tibial
diaphysis.

The complaints of the patient were being restless due to pain and refusing to bear any weight on his
left leg for 6 months. An asymmetrical cortical thickening and a focal sclerosis was detected on medial
proximal diaphysis of the left tibia on radiographs and axial T2-weighted STIR-MR image showed bone
marrow and soft-tissue edema with low-signal-intensity nidus due to central calcification with a high-
signal-intensified unmineralized periphery. CT findings (the nidus on the cortex of tibia with well cir-
cumscribed lucent region around a central sclerotic dot and cortical thickening around the nidus)
confirmed the diagnosis of OO.

After CT guided percutaneous RFA treatment, the patient had an immediate pain relief in 24 h after and
could bear weight on the leg. 12 and 16 months after RFA respectively, CT images and radiographs
revealed sclerotic healing of the nidus and a slow regression of the adjacent cortical thickness without
any recurrence.
© 2018 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

Osteoid Osteoma (OO) is one of the benign osteogenic bone
tumors that predominantly affects males.1e5 OO can be seen in a
range of 8 months and 70 years of age.6 The prevalence of OO under
5 years old is shown as 3e8% in the literature.6 However, the
prevalence under 1 year of age is very rare.6e8 Diagnosis of OO can
be challenging under the age of 5 and diagnosis is made according
to specific radiological and clinical findings.9e12 In treatment,
radiofrequency ablation (RFA) has a high technical and clinical
success and it has been standard treatment method in general
population.13e17 However, there is limited data about its use in
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pediatric population, especially under 5 years of age.6,7 We aimed
to present a 13-month-old boy who was treated successfully with
Computed Tomography (CT) guided percutaneous RFA in our clinic.

Case report

A 13-month-old boy with OO on the proximal diaphysis of his
left tibia was referred to our clinic for CT guided RFA treatment. The
complaints of the patient were being restless due to pain and
refusing to bear any weight on his left leg since he was 7-month-
old. The boy's mother told that he woke up with crying in mid-
nights and he had rest after having non-steroidal anti-inflamma-
tory (NSAID) drugs. An asymmetrical cortical thickening and a focal
sclerosis was firstly detected on medial proximal diaphysis of the
left tibia on radiograph (Fig. 1). Magnetic resonance imaging (MRI)
was performed in continuation for further evaluation in the pe-
ripheral hospital. Axial T2-weighted STIR-MR image showed the
low-signal-intensity nidus due to central calcification with a high-
signal-intensified un-mineralized periphery. Bone marrow and
rvices by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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Fig. 1. On pre-treatment antero-posterior radiograph of bilateral lower limb, an
asymmetrical (compared to right tibia) cortical thickening with focal sclerosis on
proximal diaphysis of left tibia is seen. There is a suspicious oval shaped radiolucency
with a central sclerotic dot in this focal sclerosis.

Fig. 2. Pre-procedural coronal (TR: 3520; TE: 32) (a) and axial (TR: 3680; TE: 72) (b) non-c
cortical zone of proximal diaphysis of the left tibia. Adjacent bone marrow and soft tissue

Fig. 3. Coronal (a) and axial (b) CT images showed an 8 � 6 x 6 mm nidus on cortex of the tib
cortical thickening adjacent to the nidus. Finally, the lesion was diagnosed as osteoid osteo
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soft-tissue edema was well demonstrated on T2-weighted MR
(Fig. 2). Since there was a remarkable bone marrow edema on MRI,
osteomyelitis, post-traumatic injury/infection, malignant bone tu-
mors (such as Ewing sarcoma) and osteoid osteoma were thought
as differential diagnoses.

The laboratory tests for infection parameters (erythrocyte sedi-
mentation rate, white blood cell count, and C-reactive protein) of the
patient were all normal and the patient did not have fever, weakness,
extremity swelling or hyperemia. As the clinical or laboratory find-
ings of the patient were not typically compatible with osteomyelitis
and the pain was relieved with NSAID, osteomyelitis was not
considered to be the correct diagnosis. There was no trauma history
either. As the margins of the sclerotic bone area was smooth and
there was not a malignant periosteal reaction on MRI or on radio-
graph, malignancy was excluded. Computed tomography (CT) were
performed to make a correct diagnosis and it revealed 8� 6 x 6 mm
nidus on cortex of the tibia with well circumscribed lucent region
around a central sclerotic dot and cortical thickening adjacent to the
nidus. Finally, the lesion was diagnosed as osteoid osteoma accord-
ing to these clinical and imaging findings (Fig. 3).

A CT guided percutaneous radiofrequency ablation (RFA) treat-
ment was planned. The study was approved by our institution's
ethical committee (Number:1879; 23.01.2018). Informed consent
ontrast-enhanced T2 weighted STIR-MR images are shown. The nidus is signal void on
has high intensity due to edema. The lesion was firstly misdiagnosed as osteomyelitis.

ia with well circumscribed lucent region around a central sclerotic dot. There is reactive
ma according to these imaging findings.



Fig. 5. A photo of the extremity at 16th month follow-up time. After the procedure
there was no skin burn on the intervened site. Sixteen months after the ablation, the
patient still did not show signs of pain.
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for the treatment and anesthesia procedures were obtained from
the patient's family before the procedure. RFA (UniBlade, Angio-
Dynamics, USA) was performed under spinal anesthesia with su-
perficial sedation in March 2017 using 0.05 mg/kg of midazolam
(Dormicum, Deva) intravenously for sedoanalgesia followed by
0.2 mg/kg of 0.5% heavy marcaine (MarCaine, Astra Zeneca)
administration into the subarachnoid space through the L4-L5
intervertebral space in the lateral decubitus position with a 25
Gauge lumbar puncture needle for spinal anesthesia. Since the RFA
probe that we used in this procedure was monopolar, grounding
pad was placed on the same extremity. After 25 mg/kg intravenous
Cephalexin administration in case of prophylaxis, coaxial bone
needle (14 G; 6 cm; Apriomed) was inserted into the nidus of OO
under CT guidance (Toshiba, Alexion, Japan) by turning the needle
with pressure. After reaching to the posterior margin of the nidus
with the bone needle, the needle which was used to open the tract
was removed. The RFA probewas sent through the bone needle and
placed into the middle of the nidus. The outer needle was slightly
retracted (till the edge of the cortex) to enable the active end
portion of the RFA probe freely interact with the nidus (Fig. 4). Since
the length of the tissue area ablated around the active tip of RFA
probe was one centimeter, cold application with ice around the
needle was performed onto the skin during the process to prevent
skin burns. The temperature of the RFA probe was increased to a
maximum of 80 �C within 5 min. At the end of the procedure, the
intra nidus temperature of the probe was checked whether it was
higher than 60 �C or not.

The patient stayed in hospital (in orthopedics department) for
one day period for pain relief and potential complication man-
agement. He was re-assessed for pain relief and complications on
the next day and one week after the procedure in interventional
radiology department. After RFA therapy, radiographs was recom-
mended for follow-up. On the radiographs, we compared cortical
thickness degree and the size of the sclerotic area where the nidus
was placed. Clinical and technical success and the safety of the
treatment were evaluated by assessing the clinical symptoms and
comparing the pre-postprocedural follow-up images. The ablation
procedure including sterilization, spinal anesthesia and sedoa-
nalgesia, took only 40 min.
Fig. 4. On axial CT image, coaxial bone needle and the RFA electrode were seen. The tip
of the RFA electrode was inserted into the nidus.
No intra or post-procedural complication and no skin burn
occurred (Fig. 5). In post-treatment assessments, mother of the
patient revealed that, the patient had an immediate pain relief
within 24 h that the boy could bear weight on his leg and did not
wake up with crying in midnight. Four follow-up radiographs were
performed on the 3th, 5th, 12th and 16th months respectively
(Fig. 6). There was a slight decrease in the sclerotic area's size on
follow-up radiographs. A targeted and a low dose follow-up CT
examination was performed under radiologist's supervision on
12thmonth to check the intervened area more detailed. CT imaging
better revealed the healing of the nidus (Fig. 7). MRI examination
was not planned due to absence of any clinical or radiological sign
for recurrence in the final follow-up examination.
Discussion

OO is very rare in child populationwho is younger than 5 years-
old and diagnosis can be challenging at times. There are a few
studies about RFA treatment for OO in children who are younger
than 5 years of age.6,7 In our case, the patient had the symptoms
since he was 7 month-old and he had the RFA treatment when he
was 13 month-old. Our patient is one of the youngest children to
have been treated with RFA.

The diagnosis can be challenging and time-taking because of
non-specific symptoms, especially in these age group. Several
studies have described the difficulty in diagnosis of OO in young
children.9,10 Pain is the most common symptom and the most
important reason for treatment.6e12 OO can be misdiagnosed as
osteomyelitis according to MRI features.12 CTI is the most preferred
imaging method because of its high resolution in demonstrating
the nidus.12,16 In our case, themost prominent symptomswere pain
(which is responding to NSAIDs) in nights and refusing to bear
weight. Since the clinical symptoms were specific and the CTI
revealed a nidus like lesion with peripheral sclerosis in our patient,
treatment was planned according to these findings.

For treatment of OO, medication may be inadequate to relief the
pain. Although surgical resection of the OO nidus is a curative
treatment option, it has disadvantages because of the difficulty in
locating the nidus during operation and also long hospitalization. In
weight bearing bones, fractures may occur due to large bone re-
sections after surgery.13 CT guided RFA treatment is a minimally
invasive outpatient procedure and has rapid clinical response. This
makes it more advantageous.13,17



Fig. 6. Healing of the nidus and slow regression of the cortical sclerosis were seen on 3th (a), 5th (b) 12th (c) and 16th months' (d) follow-up radiographs respectively. As the
physeal plate was far away enough from nidus for a thermal injury, a comparative radiograph of both tibiae at the time of last follow-up (d) proves that there is no limb length
discrepancy.
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There can be a hesitation about RFA in preschool children
because of the small body mass and high complication risks
because of close proximity of lesions to neurovascular structures.15

We can overcome damaging the neurovascular structures through
ultrasound/Doppler-ultrasound guidance while inserting the nee-
dle and preventing a skin burn through cold application on the skin
around the needle during RFA. In our patient, the lesionwas 20 mm
far away from the growth plate and 14 mm from the skin. The
temperature in the growth plate expected to be lower than 39� in
Celsius for an 8mm cortical localized lesion according to Greenberg
et al.‘s study.18 The lesion was far enough from the epiphyseal zone
and we were not cautious about any bone growth problem in our
patient. Although the risk for skin burn was high in our patient, no
burn injury occurred owing to cold ice application on the skin
around the needle during the procedure.
Time duration of the RFA procedure and total immobilization of
the extremity during the treatment is important in our opinion.
Patient and extremity motion can interrupt the RFA procedure.
Spinal anesthesia or peripheral neural block can shorten the time
duration of the treatment procedure and provides using small
amounts of sedoanalgesia drugs, decreased complication risks due
to prolonged sedoanalgesia. Owing to its early motor recovery and
efficiency, spinal anesthesia can be a preferred technique for RFA in
the pediatric population.19 Thus, we performed the RFA procedure
under spinal anesthesia and sedoanalgesia; the procedure took
approximately 40 min from beginning to the end.

As early response to RFA procedure, pain relief expected to occur
in first week after the procedure.13,14 In our patient pain relief was
occurred in 24 h, the boy could bearweight on his leg on the next day
and he began towalk onemonth after the RFA. The clinical success of



Fig. 7. A targeted and low dose CT examination was performed on 12th month's
follow-up. CT imaging revealed sclerotic healing of the nidus and a slow regression of
the adjacent cortical thickness.
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RFA was confirmed by follow-up radiographs on 16th month and
follow-up CT findings which revealed healing of the lesion on 12th
month. Since this 13 month-old patient was the youngest one in our
patients, we preferred to have follow-up radiologic images more
closely. In our experience, it is not necessary to have close follow-up
radiographs or CT examinations if clinical response after RFA is good
and if there is no complication or complaints. As it is recommended
in previous studies, we think a follow-up imaging (radiograph is
preferred) on 3th, 6th and 12thmonths will be enough for radiologic
assessment of response to therapy.20,21

Especially when considering the limited patient numbers with
OO at this age group, our case is interesting. Comparing the cases
reported in the literature, our case had a successful result after first
percutaneous RFA procedure, no recurrence occurred in contrast to
Virayavanich et al.‘s case,6 and the patient had not a surgical exci-
sion before RFA procedure in contrast to Ekstr€om et al.‘s case.7 We
wanted to mention both about OO in the differential diagnosis
when a patient of this age with these symptoms is presented and
also efficiency of RFA treatment in this age group.
Conclusion

OO is very rare in children under 5 years of age and the diagnosis
may be challenging. OO must be kept in mind, as a differential
diagnosis, even in children who are younger than one year of age.
CT guided percutaneous RFA is an effective and a minimally inva-
sive method in the treatment of osteoid osteomawhich can also be
safely used in an even one-year old child, as in our case. Although it
has not been observed during 16-months of follow-up period in our
case, close follow-up following RFA is recommended against the
possibility of any recurrence.
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