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Objective: Osteoid osteoma (OO) accounts for approx-

imately 10–12% of all benign bone tumours and 3% of all

bone tumours. Spinal involvement appears in 10–25% of

all cases. The purpose of this study was to evaluate the

safety and efficacy of CT-guided radiofrequency (RF)

ablation in the treatment of spinal OOs and report our

experience.

Methods: 13 patients suffering from spinal OO and treated

at the authors’ institution using CT-guided RF ablation

were retrospectively evaluated. The RF probe was in-

troduced through a 11-G Jamshidi® needle, and the lesion

was heated at 90 °C for 6min.

Results: All procedures were considered technically

successful as the correct positioning of the probe was

proven by CT. 11 of the 13 patients reported pain relief

after RF ablation. In two cases, RF ablation was repeated

1 month after the first procedure. Pain relief was achieved

in both cases after the second procedure. No recurrence

was reported throughout the follow-up. No complications

like skin burn, soft-tissue haematoma, infection, vessel

damage or neurological deficit were reported.

Conclusion: This study demonstrates that CT-guided

percutaneous RF ablation is a safe and effective method

for the treatment of spinal OOs.

Advances in knowledge: The data of this study support

the efficacy and safety of the recently applied CT-guided

percutaneous RF ablation technique for the treatment of

spinal OOs.

Osteoid osteoma (OO) represents a benign bone tumour first
described by Jaffe1 in 1935. The lesion accounts for approxi-
mately 10–12% of all benign bone tumours and 3% of all
bone tumours. It is characterized by a nidus, consisting of
osteoid, osteoblasts and fibrovascular stroma, surrounded by
sclerotic bone usually measuring ,1.5 cm in diameter. OOs
are characteristically seen in children and young adults with
a predilection for long bones, particularly in lower extremi-
ties.2 Spinal involvement usually affecting the posterior ele-
ments appears in 10–25% of all cases.3,4 The typical symptom
is localized pain typically worsening at night, ameliorated by
the administration of salicylates (acetylsalicylic acid) or non-
steroidal anti-inflammatory drugs (NSAIDs). In spinal cases
of OO, radiation of pain distally to the lesion site might
simulate radiculopathy similar to disc herniation especially if
the lesion is located close to a nerve root. Painful antalgic
scoliosis is frequent in thoracolumbar lesions in children and
adolescents.5,6 Spinal lesions are usually difficult to diagnose,
and the reported delay from presentation to final diagnosis
and treatment can be as long as 24 months in some cases.7–9

Neurologic deficit does not generally appear.

In the past, conventional surgical excision and more re-
cently minimally invasive surgery techniques were the
treatment of choice in cases of spinal OOs when con-
servative treatment with anti-inflammatory and salicy-
lates fails or is contraindicated.10–15

Rosenthal et al16 first introduced percutaneous radio-
frequency (RF) ablation for the treatment of OOs. The ef-
fectiveness of RF ablation of OOs localized in the extremities
and pelvis has been proven by many studies.16–19

Percutaneous RF ablation for the treatment of spinal OOs
is not widely used, probably owing to the potential danger
to the adjacent neural and vascular elements. In recent
years, however, some clinical studies reported good results in
the management of spinal OOs using CT-guided RF
ablation.8,20–23

The purpose of this study was to evaluate the safety and
efficacy of CT-guided RF ablation in the treatment of spinal
OOs and report our experience.
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METHODS AND MATERIALS
Between November 2009 and February 2013, after receiving
approval from our Institutional Review Board, 13 patients di-
agnosed with spinal OO were treated at the authors’ institution
(KAT Hospital, Athens, Greece) using CT-guided RF ablation.
Patients’ records were retrospectively evaluated. Seven males and
six females with a mean age of 19.3 years (range, 12–26 years)
underwent RF ablation for OO. The distribution of OOs in the
study group was the following: cervical (n5 2), thoracic (n5 4),
lumbar (n5 5) and sacral spine (n5 2) (Table 1). The duration
of symptoms prior to RF ablation ranged from 5 to 16 months
(mean time, 13.1 months). Plain radiography, CT and MRI were
performed on all patients. In some cases, bone scintigraphy was
additionally performed. All patients underwent needle biopsy

that confirmed the diagnosis of OO. None of the patients had
undergone any invasive therapeutical procedure prior to abla-
tion treatment.

Presenting symptoms other than localized pain were painful
torticollis in one patient, antalgic scoliosis in two patients and
radicular pain in two patients.

Neurological examination and pain evaluation using the visual
analogue scale (VAS) were performed for each patient prior to
the procedure, before discharge, at 1 week, and 1, 3 and 6 months
after the procedure and at 6-month interval thereafter. CT was
applied to identify the location, evaluate the dimensions of the
nidus, further assess the proximity of the spinal cord and vessel

Table 1. Summary of patient information and treatment follow-up

Case
number

Sex
Age

(years)
Spinal
location

Symptom
VAS
score
BP

VAS
score
AP

Time
required
for pain
relief

after RF
ablation

Repeated
RF

ablation

Follow-up
time

(months)

1 M 19 Laminae L3
Local
pain

8 0 Day 1 No 38

2 M 26 Pedicle Th9
Local
pain

10 0 Day 3 No 36

3 M 21
Lateral
mass

C5
Local
pain/

torticollis
9 0 Day 1 No 30

4 F 26 Pedicle L4
Local/

radicular
pain

8 0 Day 5 No 25

5 F 22 Body C2
Local
pain

9 0 Day 1 No 24

6 F 14 Laminae Th7
Local
pain/

scoliosis
9 0 Day 1 No 25

7 M 18 Pedicle L2
Local
pain

10 6 Yes 25

8 M 13 Laminae S3
Local
pain

7 0 Day 1 No 24

9 F 12 Laminae Th8
Local
pain/

scoliosis
8 0 Day 3 No 20

10 F 25 Pedicle L4
Local
pain

10 7 Yes 18

11 F 21 Laminae L5
Local/

radicular
pain

9 0 Day 1 No 18

12 M 14 Laminae Th1
Local
pain

8 0 Day 1 No 12

13 M 20 Laminae S1
Local
pain

7 0 Day 1 No 6

7M/6F: mean age, 19.3 years Mean BP VAS score, 8.6

AP, after procedure; BP, before procedure; C, cervical; F, female; L, lumbar; M, male; RF, radiofrequency; Th, thoracic; VAS, visual analogue scale.
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elements to the tumour and plan the trajectory of the needle for
the RF ablation. Follow-up CTevaluation was performed at 1 and
2 years after the procedure (Figures 1–3). Patients were evaluated
for a minimum of 6–39 months after ablation, with a mean
follow-up time of 23.1 months. No patient was lost to follow-up.

Technique
All procedures were performed under general anaesthesia in the
radiology department by the same radiologist. A single dose of
intravenous antibiotics was administrated 2 h prior to the pro-
cedure to all patients according to our study protocol. The
procedure was performed taking into account the technical
considerations described by Pinto et al.24 The lesion was local-
ized on fine-section CT (slice thickness of 1.2mm). Before en-
tering the guide needle, vessel enhancement was achieved by
intravenously injecting 60ml of contrast medium (Ultravist®;
Bayer Schering Pharma AG, Berlin, Germany) through an 18-G
catheter. This step of the procedure is important in order to
identify any vessel anatomical variants and avoid damage to
vessels close to the nidus. The skin was disinfected using 10%
povidone iodine solution, sterile drapes were applied and a 21-G
spinal needle was used as a guide needle in order to precisely
localize the nidus and find the correct trajectory so that the
neurovascular elements were avoided. A quick CT check con-
firmed that the needle was appropriately positioned in the nidus.
A bolus of 8–10ml of sterile water was injected over a period of
1min in the area near the nidus in order to reduce the possible
thermal injury to the adjacent neurovascular structures. Addi-
tionally, 2ml of 7.5% ropivacaine was infiltrated prior to abla-
tion at the lesion site. A small skin incision was made, and a
Cook trephine 11-G needle 15 cm in length (Osteo-Site Bone
Access Needle Set Murphy M2; Cook, Bjaeverskov, Denmark) was
inserted in the nidus. Afterwards, the RF probe was introduced
through the needle at the site of the lesion. A non-cooled
monopolar tip Rita StarBurst® XL electrosurgical device (Rita
Medical Systems, Mountain View, CA) with nine deployable
electrodes was introduced into the nidus through the Cook

needle. The RF probe was connected to the Rita 1500X (Rita
Medical Systems), and the lesion was heated at 90 °C for 6min.
The generator was set to 150W. The probe was set to ablate at
a ray of 5mm from the tip. Caution was taken to ensure that the
tip of the probe was 1 cm away from the tip of the penetrating
needle and that the exposed probe tip did not come in contact
with the penetration needle. When the procedure was com-
pleted, the electrode array and the Cook needle were removed,
and a sterile drape of the skin was performed. The average time
of the intervention including anaesthesia and the ablation was
approximately 60min. After the procedure, NSAIDs were avoi-
ded, and the only analgesic drug administered within the first
24 h was paracetamol in an effort to evaluate the effect of the
procedure on pain management.

RESULTS
For all patients, histopathological confirmation of the diagnosis
was obtained prior to ablation. All procedures were considered
technically successful as proof of the correct positioning of the
probe at the lesion site was obtained by CT, and a temperature of
90 °C was reached and maintained for 6min.

No complications, such as skin burn, soft-tissue haematoma,
infection, vessel damage or neurological deficit, were reported.
Prior to the procedure, the mean VAS score was 8.6 (ranging
from 7 to 10). 11 of the 13 patients reported no pain 1 week after
the RF ablation (VAS score 0). In eight patients, pain ceased
within 24 h after the intervention, whereas in three patients pain
disappeared completely 3–5 days after ablation, although
symptom improvement was noted within the first 24 h. In two
patients, pain improved only slightly at the 1-month follow-up
(VAS score .6) (Table 1). For these patients, RF ablation was
repeated 1 month after the first procedure. In both patients, the
diameter of the nidus was .1 cm and in the second procedure
two RF probes were used simultaneously (the probe used in our
study ablated at a ray of 5mm). In both cases, the intervention
achieved complete remission of pain 24 h after the second
procedure. In total, 15 RF ablations were performed in 13
patients. Complete remission of pain (VAS score 0) was achieved
in all patients, and no recurrence was reported throughout the

Figure 1. A 26-year-old male patient with osteoid osteoma

localized on the pedicle of the ninth thoracic vertebra (arrow).

Figure 2. The same male patient as in Figure 1 during the

procedure of radiofrequency ablation. The correct positioning

of the guiding needle was confirmed by CT scan.
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follow-up, including the two cases for which the ablation was
repeated.

In one case where painful torticollis was the presenting symp-
tom, it disappeared after the ablation. Also in one of the two
cases in which the nidus caused painful scoliosis, the deformity
subsided almost completely after the intervention. In the second
case of painful scoliosis, the deformity improved only slightly
and bracing was required.

DISCUSSION
Spinally located OOs might occur in up to 25% of all cases,
predominantly in the lumbar spine and the posterior elements.3,25

Scoliosis is a commonly associated deformity of OOs and appears
in up to 70% of the thoracolumbar spinal lesions. Painful scoliosis
is caused by muscle spasm owing to local irritation. When scoli-
osis is present, the nidus is located in the concavity of the apex of
the curve. This deformity might become permanent in some
cases.5,6,11,26,27 In our study, two female patients with the nidus
located in the pedicle of the seventh and eighth thoracic vertebrae,
respectively, presented painful scoliosis. In both patients, the RF
ablation was successful in managing pain but in only one case the
deformity decreased. In the other patient, scoliosis remained al-
most unchanged.

In one male patient where the nidus was located on the lateral
mass of the fifth cervical vertebra, torticollis improved after
successful RF ablation. To our knowledge, there has been no
documented report of torticollis caused by OO.

Treatment of OOs may be conservative owing to characteristic
pain relief after administration of salicylates or NSAIDs. Spon-
taneous healing or healing after long-term administration of
medication has been reported.28–30 However, some patients
cannot tolerate long-term medication regimens owing to the
side effects of salicylates and NSAIDs. In the past, complete

surgical excision of the nidus had been the treatment of choice.
Surgical treatment varies from local resection with a burr and
curettage to wide en bloc resection. In cases of spinally located
OOs, there is an increased risk of spinal cord, nerve root or
vertebral artery damage, especially in cases of cervical location of
the nidus. Additionally, intra-operative identification of the le-
sion may be difficult, resulting in incomplete resection. Navi-
gation systems have been developed to facilitate intra-operative
localization of the nidus; however, secondary instability fol-
lowing wide resection might necessitate spinal fusion.2,3,11,31–33

Recently, new minimally invasive techniques have been developed
for the treatment of OOs. Percutaneous treatment options include
RF ablation, percutaneous CT-guided excision using trephines and
needles,34 drilling of the nidus 35 and laser photocoagulation.36–40

Percutaneous RF ablation of OOs was first described in 1992 by
Rosental et al.41 The first report of an OO located in the lumbar
spine treated by RF ablation was made in 1998 by Osti and
Sebben.42 Since then, several studies have reported excellent
results with the use of RF for the treatment of OOs that are
comparable with those of surgical resection.7,8,16,20–23,43,44

Many physicians avoided using RF ablation for the treatment of
spinal OOs owing to the risk of neural injury. In 2000, Dupuy
et al22 published their experimental findings of RF ablation in the
vertebral bodies of five porcine models. Their study concluded
that in cases where cortical bone is present between the lesion and
the neural elements, it has an insulating effect. In addition, this
study demonstrated that the heat provoked by the RF is decreased
locally by the presence of a rich epidural venous plexus and the
cerebrospinal fluid circulation. This protective effect on neural
elements of the spine against excessive heating during RF ablation
of spinal OOs has also been proven by other studies in animal and
human models.43,45 In order to reduce even more the likelihood
of the thermal damage to neural elements adjacent to the nidus
before the ablation, a bolus of 8–10ml of sterile water was infused
in the area near the nidus as also described by other authors.21,23,36

We do not consider a cool tip system necessary because it might
increase the risk of neural injury as it enlarges the size of the
treatment zone and makes the size of ablation unpredictable.
Additionally, it prevents temperature measurements during abla-
tion, a fact that makes monitoring of the procedure difficult.7,46,47

No neural damage was observed. Similar to Liu et al,48 the
results of this study demonstrate that RF ablation of spinal OOs
represents a safe procedure for the neural elements as long as all
the necessary precautions are taken.

All procedures were performed under general anaesthesia because
it made the procedure easier for both the physician and the patient,
as the patients did not experience any pain during the ablation,
and perfect immobilization was ensured, something that is crucial
for the correct measurements and placement of the penetrating
needle and probe and the maintenance of the correct positioning
throughout the ablation. Like other authors,8,21,23 we recommend
general anaesthesia for the RF ablation of spinal OOs.

Additionally, before planning the pathway for the penetration
needle, an intravenous contrast medium was administered in

Figure 3. The same male patient as in Figure 1 30 months after

the ablation remains free of symptoms.
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order to achieve vessel enhancement. We found that this step of
the procedure was important especially in RF ablation of cervical
located OOs in order to locate any anatomical variants of the
vertebral artery and to plan a safe trajectory of the needle.

In both patients of our study, whose pain was slightly amelio-
rated by the ablation and a second procedure was performed, the
diameter of the nidus was .1 cm. We consider that the success
of the second procedure is owing to the fact that two RF probes
were used simultaneously, the probes used ablated at a ray of
5mm.

No complications, such as skin burn, soft-tissue haematoma,
infection, vessel damage or neurological deficit, were docu-
mented in our study.

CT-guided percutaneous RF ablation is a minimally invasive
procedure. Compared with open surgical excision of spinal OOs,
by performing RF ablation the lesion is precisely located under CT
guidance, shorter anaesthesia times are required, blood loss, tissue
exposure and damage are minimal and there is no need for fusion
after excision. Shorter hospitalization and recovery periods are
also required.21,23,47 Initial follow-up should be based on patients’
symptoms to detect persistent pain requiring a second thermal
ablation. Following the initial period, patients should be evaluated

clinically and radiologically at a regular basis to assess infilling
of the nidus with sclerotic bone. Surgery-related complica-
tions such as infection, vascular damage or spontaneous fu-
sion with deformity are avoided.49 CT-guided percutaneous
RF ablation has similar results in terms of efficacy of treat-
ment and recurrence to those of open surgery for spinal lo-
cated OOs.4,16,21,23,46,50

Despite the efforts to ensure the validity of this study, certain
limitations exist. The study is retrospective, and the study group
is relatively small to draw safe conclusions. Additionally, al-
though no recurrences were reported, mean follow-up was
almost 2 years.

CONCLUSIONS
This study demonstrates that CT-guided percutaneous RF ab-
lation is a safe and an effective method for the treatment of
spinally located OOs with excellent mean-time results. Several
technical considerations should be taken into account when
treating spinal OOs by RF ablation. We believe that CT-guided
percutaneous RF ablation is the treatment of choice for the
management of spinal OOs. Further studies with larger series of
patients and long-term follow-up are needed in order to dem-
onstrate the safety, the efficacy and the recurrence rate of the
procedure in the treatment of spinal OOs.
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