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Abstract
Objective To report a single center’s experience evaluating the efficacy and safety of computed tomography–guided radi-
ofrequency ablation for the treatment of osteoid osteoma in children.
Materials and methods Institutional database research identified 33 symptomatic patients (≤ 18 years of age; male/female 
ratio: 21/12, mean age 13.09 ± 3.66) with osteoid osteoma who were treated by CT-guided RFA. Technical and clinical 
success as well as complication rates were recorded. The duration of the procedure, the number of computed tomography 
scans and the results of the biopsy were assessed. Pain, prior, the following morning and 1 week, 1/6/12 months after the 
procedure were compared by means of a numeric visual scale (NVS) questionnaire.
Results Mean lesion size was 8.28 ± 4.24 mm. Mean follow-up was 23.33 ± 17.61 months (range 12–62). Mean pain score 
prior to radiofrequency ablation was 9.06 ± 0.80 NVS units. On week 1 and 1/6/12 months, all patients were pain-free report-
ing 0 NVS units (p < 0.05). The mean procedure time was 54 min (range 51–59) and a mean of 7 CT scans were performed 
during the ablation session. RF electrode was successfully placed in the center of the nidus in all cases. In our study, none 
of our patient experienced recurrence of the pain, nor complications.
Conclusion The present study demonstrates that percutaneous CT-guided radiofrequency ablation constitutes a safe and 
effective technique for osteoid osteoma treatment in children.
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Introduction

Osteoid osteoma is a benign bone tumor that usually affects 
young males and typically causes pain which often wors-
ens at night and is significantly relieved by non-steroid 
anti-inflammatory drugs (NSAID) [1]. Imaging with com-
puted tomography is well established in the diagnosis of 
osteoid osteoma and easily depicts the tumor᾽s nidus which 
measures less than 2 cm in diameter and is characterized 
by varying degree of peripheral mineralization [2]. Surgical 
approaches aim for open removal of the nidus, while percu-
taneous therapies are less invasive and cause less discomfort, 
lower the likelihood of complications as well as recovery 
time post-procedure [3–5].

Percutaneous thermal ablation of osteoid osteoma is 
the gold-standard therapy at the moment; the first ever 
case report was described by Rosenthal in 1992 [5]. There 
are copious data demonstrating the long-term efficacy and 
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safety of percutaneous radiofrequency or laser ablation; 
additionally, in the literature, there are case series for 
microwave ablation and cryoablation for the treatment of 
osteoid osteoma [6–16]. All these techniques are mini-
mally invasive with percutaneous approach and minimal 
damage to surrounding tissues governed by similar rates 
of success (95–97%), recurrence (2–5%), failure to treat 
(< 2%), and complications (< 2%) [6–16]. Furthermore, 
MR-guided high intensity focused ultrasound is an abso-
lutely non-invasive technique which can be used for pain 
reduction in the treatment of osteoid osteoma [17, 18].

There is much more in minimally invasive techniques 
for children than working with smaller patients including 
among others the need for sedation or general anesthesia 
and sizing of the devices. As far as ablation of osteoid 
osteoma is concerned in children, general anesthesia is 
necessary in the vast majority of the cases while exposure 
to ionizing radiation is another area of concern [19]. CT 
dose–optimizing strategies in children include application 
of protocols specific for age, body size, and composition 
[20]. Although the amount of literature focusing upon per-
cutaneous treatment of osteoid osteoma is extensive, there 
are fewer studies focusing solely upon pediatric population 
[21–28].

The purpose of the present study is to report a single 
center’s experience and to evaluate the efficacy and safety of 
CT-guided radiofrequency ablation for treatment of osteoid 
osteoma in children.

Materials and methods

Patient selection and evaluation

This is a retrospective single center study; time period of 
data collection was from 1/1/2010 until 31/12/2019. Insti-
tutional database research identified 33 patients with oste-
oid osteoma who were treated by CT-guided radiofrequency 
ablation. Inclusion criteria included symptomatic patients 
(< 18 years of age) with clinical and radiological findings 
compatible with osteoid osteoma. Involved bones included 
femur (n = 12), humerus (n = 1), acetabulum (n = 2), calca-
neus (n = 1), tibia (n = 8), phalangophalangeal joint (n = 1), 
fibula (n = 2), talus (n = 3), spine (n = 2), and fibula (n = 1). 
The demographics, location, and size of lesions are listed 
in Table 1. Mean patient age was 13.09 ± 3.66 (range 5–18) 
and male/female ratio was 21/12. Each patient underwent 
laboratory tests (including routine blood count test as well as 
renal function and coagulation tests) at least 24 h prior to the 
percutaneous ablation session. Exclusion criteria included 
parents’ or legal guardians’ denial to consent, uncontrollable 
INR, systematic or local infection.

Percutaneous radiofrequency ablation

All patients and their parents were informed about the tech-
nique itself as well as possible benefits and complications 
and signed a relevant written informed consent form prior 
to the procedure. According to the Division of Infectious 
Diseases (under the Department of Internal Medicine) of 
our Hospital, each patient was administered with a dose of 
ceftriaxone 45–60 min before the RFA. Radiofrequency 
ablation was always performed in an inpatient setting under 
general anesthesia. Computed tomography guidance with 
sequential scanning (120 kV peak, 240 mAs wavelength, and 
0.9 mm slice thickness) was used for planning, targeting, and 
intra-procedural modification during the ablation session. 
Under local sterility, radiofrequency ablation was performed 
with percutaneous approach in all cases. Post the initial CT 
scan, skin entry point was selected. A bone trocar (Bonopty 
Bone Biopsy System 14G, Apriomed, Uppsala, Sweden or 
OnControl bone marrow biopsy system 11G OBM, Arrow 
OnControl, Teleflex, Shavano Park, TX, USA) was inserted 
in the lesion of interest and its approach was evaluated with 
sequential CT scans. Once in the correct location, coaxially 
the bone biopsy needle was inserted for sampling (Fig. 1). A 
15-cm long, 17-gauge radiofrequency electrode with a 1-cm 
single active tip (RF AMICA probe, Hospital Service S.P.A. 
Rome/Italy) was then introduced into the osteoid osteoma ‘s 
nidus through the coaxial system; the trocar was withdrawn 
until being outside the expected ablation zone and ablation 
session was performed at 90 °C for 6 min (Fig. 2). Computed 
tomography assessed any potential immediate complications 
at the end of the ablation treatment. Patients remained in 
the hospital overnight and pain medication was injected (IV 
paracetamol depended on age and weight) for post-RFA pain 
relief. Pain management represents a major concern during 
the hours following after the procedure and should be man-
aged accordingly; collaboration with an anesthesiologist is 
critical for the optimal management of the patient after the 
procedure. All patients were discharged the next day, with 
advice to avoid excessive stressful weight bearing and pro-
longed strenuous activity for the next 2–3 weeks.

Outcome measures

Technical success was defined as the ability of nidus local-
ization with CT scan and confirmation of RF electrode 
placement in the center with multiplanar reconstruction 
(MPR). Clinical success was defined as relief of pain 
caused by osteoid osteoma without any need of receiving 
analgesic after the first week post the procedure. Recur-
rence was defined as the reappearance of symptoms at any 
time during the follow-up period.
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Procedure time (time from the moment patient was placed 
on CT table until the moment he/she was taken to recovery 
room), amount of scans (from the scanogram taken until the 
last scan post ablation with trocar and electrode removed), 
and the results of biopsy were recorded. Pain and mobil-
ity were recorded prior (maximum 1 week before the abla-
tion), and the morning post radiofrequency ablation proce-
dure with clinical evaluation and an inventory containing a 
numeric visual scale (NVS). In the same inventory, ques-
tions were included concerning the pain itself and its influ-
ence upon patient’s activity (sleep, walking) and mobility 
impairment.

Follow-up lasted for 1 year and consisted of clinical 
visit (general, clinical and neurological condition, pain 

reduction, and mobility improvement according to NVS 
scale) at week 1 with phone calls at 1, 6, and 12 months. 
Questions asked during the follow-up period concerned 
the pain reduction and mobility improvement and whether 
the procedure had decreased or entirely resolved the symp-
toms they were treated for. Immediate complications were 
evaluated in the post ablation CT scan and by clinical 
evaluation the morning after. Delayed complications were 
considered absent if no symptoms were reported on the 
follow-up phone call at  1st and  6th month.

Table 1  Patient demographics Patient Sex Age (years) Bone affected Lesion side Pain prior RFA 
(NVS units)

Pain post-
RFA (NVS 
units)

1 F 12 Femur Right 9 0
2 F 14 Acetabulum Right 10 0
3 M 14 Femur Left 10 0
4 M 11 Femur Right 9 0
5 M 7 Femur Left 10 0
6 F 10 Talus Left 10 0
7 F 14 Femur Right 8 0
8 M 12 Fibula Right 10 0
9 F 14 Acetabulum Right 8 0
10 M 5 Femur Left 9 0
11 M 14 Femur Left 8 0
12 M 6 Femur Right 8 0
13 M 7 Foot (PPJ) Right 10 0
14 F 9 Tibia Right 8 0
15 F 10 Calcaneus Right 9 0
16 M 13 Femur Right 8 0
17 M 9 Tibia Left 8 0
18 F 14 Humerus Left 8 0
19 F 9 Tibia Left 10 0
20 F 16 Talus Right 10 0
21 M 16 Femur Right 9 0
22 M 17 Tibia Right 8 0
23 M 15 Tibia Left 10 0
24 M 18 Talus Left 10 0
25 M 17 Tibia Right 8 0
26 F 17 Tibia Left 10 0
27 M 15 Tibia Left 9 0
28 F 15 Lumbar Spine Left 10 0
29 M 18 Femur Right 10 0
30 M 16 Fibula Right 8 0
31 M 15 Femur Right 9 0
32 M 16 Fibula Left 8 0
33 M 17 Lumbar Spine Right 10 0
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Results

Access to the nidus was feasible in all cases (33/33). 
Radiofrequency electrode was coaxially inserted within 

the nidus and ablation was successfully performed in 
all lesions (technical success rate 100%). Ancillary pro-
cedures (including hydrodissection with Dextrose 5%, 
temperature monitoring with thermocouples and neuro-
physiologic monitoring) were performed in 3 patients. 

Fig. 1  A 12-year-old female patient with osteoid osteoma of the right 
femur. A CT axial scan illustrating the nidus of the osteoid osteoma 
in subcortical location at the right femoral neck. B CT axial scan—
once the bone trocar is inside the nidus coaxially the biopsy needle 
is inserted for sampling. C CT axial scan—once the bone sample is 

taken, biopsy needle is removed and coaxially the radiofrequency 
electrode is inserted; trocar is removed from the expected ablation 
zone. D CT axial scan—post ablation CT scan evaluating lack of 
immediate complications—notice the access route through the nidus

Fig. 2  A 7-year-old male patient 
with osteoid osteoma of the 
right talus. A CT axial scan 
illustrating the nidus of the 
osteoid osteoma in subcorti-
cal location at the right talus. 
B CT axial scan—post biopsy 
the radiofrequency electrode 
is coaxially inserted; trocar is 
removed from the expected 
ablation zone. C CT axial 
scan—post ablation CT scan 
evaluating lack of immedi-
ate complications—notice the 
access route through the nidus
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Hydrodissection with Dextrose 5%, temperature monitor-
ing with thermocouples, and neurophysiologic monitoring 
were applied during ablation in a patient with osteoid 
osteoma of the peroneal bone located right next to the 
common peroneal nerve. In 2 patients with spinal osteoid 
osteomas gas (n = 1) and hydrodissection with Dextrose 
5% (n = 1), along with thermocouples and neurophysi-
ologic monitoring were applied during ablation. Histo-
logical verification of osteoid osteoma was performed 
in 22/33 cases in which, part or the whole nidus was 
extracted determining thus the osteoid osteoma diagno-
sis; in 11/33 cases, there was no nidus, nor any signs of 
malignancy in the sample.

Treated lesions had a mean diameter of 8.28 ± 4.24 mm. 
Mean follow-up was 23.33 ± 17.61 months (range 3–62). 
Mean pain score prior to RF was 9.06 ± 0.80 NVS units 
(range 8–10). This baseline score was reduced to a mean 
value of 0 on week 1, 1/6/12 months when all patients 
were pain-free (p < 0.05). This significant pain decrease 
remained stable throughout the follow-up. Median proce-
dure time (including anesthesia, trocar placement, biopsy 
ablation, and post-procedural scan evaluation) was 54 min 
(range 51–59) while a median of 7 CT scans was nec-
essary for controlling correct trocar, biopsy needle, and 
electrode placement within the nidus. Overall mobility 
improved in 33/33 patients. No clinically significant com-
plications were noted in our study population.

Discussion

The present study adds to the growing number of case series 
(Table 2) showing that percutaneous radiofrequency abla-
tion of osteoid osteoma in children is an efficacious and safe 
technique in terms of achieving symptoms’ control. Garge 
et  al. applied CT-guided radiofrequency ablation in 30 
pediatric patients reporting 100% technical and secondary 
clinical success with 0% recurrence and 3.3% complication 
rate; similarly, Ghanem et al. in 23 patients reported 100% 
technical and secondary clinical success with 0% recurrence 
and complication rate [26, 28]. Other reported complications 
in literature case series include two incidents of hyperther-
mia and a case of partial osteonecrosis of the ankle [21, 
25]. Especially for osteoid osteoma ablation in the spine 
neurophysiological monitoring may be a valuable protective 
measure that requires minimal additional time and provides 
feedback on the state of the spinal cord and nerves at risk 
during the procedure; in addition, gas or hydrodissection 
creates a protective barrier increasing the distance between 
ablation zone and sensitive nerve structures [29, 30]. In the 
present study, neither recurrences nor complications were 
observed whilst technical and clinical success was 100% 
with no need for secondary intervention.

Hage et al. reported similar safety and efficacy rates 
of osteoid osteoma radiofrequency ablation in pediatric 
and adult patients [31]. When compared to open surgery, 
percutaneous CT-guided ablation is less invasive, easily 
repeatable, governed by lower morbidity, and lower cost 
with high rates of technical and clinical success rates [5, 

Table 2  Contemporary percutaneous ablation outcomes for osteoid osteoma in pediatric population

Author Method of ablation Patients 
number

Technical 
success 
(%)

Primary clinical success 
(%)

Recurrence (%) Secondary 
clinical success 
(%)

Com-
plica-
tions 
(%)

Garge et al. (2017) [25] CT-guided RFA 30 100 96.66 0 100 3.33
Donkol et al. (2008) 

[20]
CT-guided RFA 23 91.3 78.2 8.7 82.6 21.7

Ghanem et al. (2003) 
[27]

CT-guided RFA 23 100 91.3 0 100 0

Moser et al. (2008) [21] CT-guided laser abla-
tion

68 98.5 88 10 98 0

Aschero et al. (2009) 
[24]

CT-guided laser abla-
tion

25 100 96 8 - 20

Whitmore et al. (2016) 
[22]

CT-guided cryoablation 29 100 96.4 9.5 - 21

Wu et al. (2011) [26] CT-guided cryoablation 6 100 100 0 - 0
Arrigoni et al. (2019) 

[17]
MR-guided HIFU 33 100 97 3 100 0

Perry et al. (2017) CT- or CBCT-guided 
RFA or MWA

55 100 88 (CBCT) 88.6 (CT) 12.7 - 7.2
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9, 15, 32–35]. Wu et al. compared the results of surgi-
cal treatment and percutaneous radiofrequency with laser 
ablation of osteoid osteoma in pediatric population, con-
cluding that the percutaneous approach is equally effective 
with the surgical one, with lesser morbidity and complica-
tions [27].

CT guidance offers excellent spatial resolution and field 
of view allowing detailed access route planning to reduce 
injury risk and achieve correct placement of the radiofre-
quency electrode minimizing thermal damage in adjacent 
to the target structures. Ionizing radiation of CT-guided 
percutaneous ablation is a burdening factor for pediatric 
population; specific low-dose protocols available in most 
if not all CT vendors can contribute in dose reduction. 
Cone beam CT with fluoroscopic overlay when compared 
to conventional CT guidance seems to be governed by sig-
nificantly lower effective radiation dose at increased, how-
ever, total room utilization time [36]. MRI guidance could 
be an alternative method of guidance or could substitute 
CT-guided percutaneous treatment of osteoid osteoma, 
especially in pediatric population; despite the need for 
compatible electrodes, increased duration and limited 
availability, successful thermal monitoring, superior soft 
tissue resolution, and multiplanar navigation capabilities 
are features that are advantageous for interventional guid-
ance [12, 15, 37, 38]. In the present study apart from radia-
tion protective lead parts on the patient, all CT scans were 
performed with age- and weight-specific special pediatric 
protocols and tube current reduction factors as provided 
by the vendor.

Limitations of the present study include its retrospective 
design and the small number of participants. Furthermore, 
there is lack of comparison to a group of patients under-
going alternative (conservative, surgical, or another type 
of ablation) approaches in treatment of osteoid osteoma.

In conclusion according to the results of the present 
study, percutaneous CT-guided ablation constitutes a safe 
and effective technique for osteoid osteoma treatment in 
children with significant pain relief and minimal compli-
cation rates.
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