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CT-guided radiofrequency ablation of spinal
osteoid osteomas with concomitant perineural
and epidural irrigation for neuroprotection

Abstract Here we report our
experience of a neuroprotective
adaptation of the technique of CT-
guided radiofrequency (RF) ablation
of spinal osteoid osteomas. Over

9 years seven patients underwent eight
CT-guided RF treatments for osteoid
osteoma. CT-guided RF ablation was
performed with general anaesthesia.
The lesion was heated to 90°C for

2 min for two cycles by using a
Cosman SMK TC-10 RF electrode.
This was preceded by a bolus of room
temperature sterile water (10 ml)
injected through a 26G curved spinal
needle into the exit foramen and
adjacent epidural space for neuropro-
tection. The age of the patient, sex,
lesion location, biopsy results and
complications were recorded. All the
biopsies (n=7) demonstrated

histological features of osteoid
osteoma. All the procedures were
technically successful. Clinical
success was assessed up to 3 years
post procedure. There was an 85%
clinical success rate (6 of the 7
patients), with recurrence of a lesion at
6 months, necessitating a repeat pro-
cedure (successful). CT-guided
percutaneous RF ablation of spinal
osteoid osteoma preceded by bolus of
sterile water, injected through a spinal
needle into the exit foramen and
adjacent epidural space for neuropro-
tection, is a safe and effective
procedure.
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Introduction

Osteoid osteoma (OO) is a benign yet painful bone tumour
occurring in young adults and children, particularly in the
lower limbs [1, 2]. OO are common making up about 10%
of benign primary bone tumours [3, 4]. The diagnosis is
only made following imaging and conventional radiogra-
phy remains the initial investigation of choice. CT or MRI
is used to confirm the diagnosis [4]. Skeletal scintigraphy is
still used [5] although the frequency is decreasing as the
popularity of cross-sectional imaging increases.

There are three approaches to treatment: surgery (open
and minimal access) [1, 4-9], conservative (medical) and
image-guided minimal access techniques [9-12]. The
evolution of image-guided percutaneous treatments has

allowed excision or ablation by using small calibre needles
[9-12]. Initial results of percutaneous procedures have
been favourable when compared with surgical treatment
[11, 13, 14]. Percutaneous ablation of tumours in the spine
has, in small numbers of patients, produced comparable
results to open surgery [5, 11, 13, 15, 16]. However
experience of percutaneous treatment of spinal OO is still
relatively limited and the fear of thermal injury to adjacent
neurological structures remains [2, 4, 11, 16, 17]. Probably
because of this surgery still remains a popular treatment for
spinal OO.

The purpose of this study is to report our experience of
using a modification of the standard CT-guided ablation
technique that is designed to protect neurological structures
from thermal damage during RF ablation.
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Materials and methods
Patients

Selection criteria for RF ablation required patients with
both clinical symptoms and radiological signs of an osteoid
osteoma in the spine, who had chosen radiological
treatment, after alternative options had been considered.
Seven OOs were identified in three men and four women
(mean age 17, range 13-32) who opted for percutaneous
RF ablation. The seven OOs were located in the cervical
(n=2), thoracic (n=1) and lumbar spine (n=3), and
sacrum (n=1). Between February 1998 and August
2006 the patients underwent a total of eight CT-guided
RF treatments. All patients underwent a single treat-
ment except for one patient who underwent two
procedures. All patients were informed of the risks of
the procedure and alternative treatment options were
explained. Four of the patients underwent preprocedure
biopsy.

Procedure

All procedures were performed by the same radiologist.
General anaesthesia, using a laryngeal mask airway, was
used in all cases. The shortest distance from the skin to the
lesion was preferred, and thus all procedures were
performed prone. The lesions were localised on CT (GE
Lightspeed 4, GE Healthcare, UK) before marking the skin.
Lidocaine (1%) was used for local anaesthesia, and a small
incision was made in the skin.

The osteoid osteoma was accessed using a Bonopty
bone biopsy needle (Radi Medical Systems, Uppsala,
Sweden) to drill through the outer cortex. If a tissue
diagnosis had not been made as a result of a previous
biopsy, a biopsy was performed at this stage (n=3).
The radiofrequency needle (Cosman SMK TC-10
electrode, Cosman Medical Inc, Burlington, MA, US)
positioned through an insulated Neurotherm 22G
cannula (Neurotherm Inc, Middleton, MA, US) was
then introduced into the nidus, using a coaxial
technique, through the Bonopty needle. The ablation
volume is ellipsoid with a radius of 5 mm; therefore if
the lesion was greater than 1 cm, more than one
radiofrequency ablation was performed, with the needle
tip in different positions to cover the nidus. This
includes the craniocaudal dimension of the lesion
(Fig. 1). If the OO was elongated in this dimension,
separate ablations were performed along this plane as
well. Once the Neurotherm cannula and the Cosman
SMK electrode were in place (Fig. 2), a 21G spinal
needle was guided down into the adjacent exit
foramen. Using a coaxial technique a curved 26G
spinal needle was inserted through the 21G needle to
negotiate the lateral mass structures and access the exit

Fig. 1 The tumour must be evaluated in all three orthogonal planes
to ensure adequate ablation. In this case the longest axis of the
tumour (arrow) in the pars of L5 is the vertical plane

foramen (Fig. 3). The 26G needle is more flexible and
manoeuvrable allowing for more precise and easier
placement (Fig. 4).

Contrast medium was injected (2 ml iohexol, GE
Healthcare AS, Nydalen, Norway) to confirm the position
of the needle tip. Just before the ablation cycle, a bolus of
room temperature sterile water (10 ml) was injected
through the 26G spinal needle into the exit foramen and
adjacent epidural space to reduce the chances of thermal
damage to the adjacent neural or vascular structures
(Fig. 5). The sterile water was injected over a period of
30 s to allow for adequate distribution around the nerve
roots and epidural space.

Two cycles of ablation at 90°C for 2 min for lesions
smaller than 1 cm (n=5) were performed. For lesions
greater than 1 cm (n=2), a further two 2-min cycles in
a different position were performed. If a further
ablation cycle was needed, a further bolus of sterile
room temperature water was injected, through the 26G
spinal needle in the same position as for the previous
ablation cycle. After the ablation cycles a small volume
(1-3 ml) of 0.5% bupivacaine was injected into the
exit foramen for symptom relief for a few hours after
the procedure.

All patients were examined after the procedure in the
recovery room and again before discharge. The wound
site was checked for bleeding, swelling and tissue
burns. A neurovascular examination was performed and
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Fig. 2 A Neurotherm ablation needle placed through a Cosman
needle for ablation (note the uninsulated 5-mm tip is completely
within the nidus)

pain levels were assessed using a visual analogue scale
(VAS) [18]. Five patients remained in hospital over-
night, and two of the patients were discharged on the
same day following examination. Patients were advised
not to take part in any sporting activity for 2 weeks
following the procedure. Patients were reviewed at

Fig. 4 A curved 26G spinal needle (arrow) is used to negotiate the
facet of L5/S1 and into the perineural space (arrowhead). lodinated
contrast is then injected for confirmation of position

orthopaedic outpatient clinic (median time 11 months,
range 5—-17 months) following the procedure. If no
record of follow-up was found, patients were contacted
by telephone.

Fig. 5 Multiplanar image planning is essential to evaluate the C7

Fig. 3 Curved 26G needle (arrow) placed in the perineural space of  tumour (arrow) and any adjacent vital structures, as in this case the

L4/LS prior to the ablation cycle

right vertebral artery (arrowhead) seen on the sagittal reconstruction
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Results

The seven OOs (2 cervical, 1 thoracic, 3 lumbar, 1 sacral)
were located in the following positions within the vertebra:
pedicle (n=4), lateral mass (n=2), sacral alar (n=1). The
median diameter of the OO was 6.9 mm (range 4.6—
10.3 mm). The median shortest distance to the adjacent
thecal sac was 7.1 mm (range 2.3—13.4 mm) and to the
nearest neural structure 4.8 mm (range 3.7-6.8 mm). All
eight procedures were technically successful as judged by
the needle position in the centre of the nidus and the
immediate post procedural examination [19]. If the lesion
edge was more than 5 mm from the edge of the tumour to
the needle tip (n=2) a further ablation was carried out in a
different position.

All patients (n=7) had satisfactory immediate post
procedural (n=8) assessments. There were no wound
complications. The results of all neurovascular examina-
tions were normal with no focal loss of power or sensory
abnormalities. The majority of the patients requested
analgesia (n=5), with a combination of paracetamol
(15 mg/kg) and ibuprofen (5 mg/kg) being administered
orally. One patient did not request any post procedural
analgesia. No opiate analgesia was administered.

At repeat assessment, before discharge, the post
procedural course (n=8) was uncomplicated. Neurovascu-
lar examinations were unchanged. None of the patients
requested analgesia at discharge, but all were discharged
with paracetamol and ibuprofen. The median patient
hospital stay was 22 h from admission (range 10-27 h).
All patients were discharged within 24 h of the procedure,
and 85% (n=6) of the patients reported no ongoing
symptoms of pain and were satisfied with the procedure at
outpatient follow-up. Analysis of data of patients followed
up for 12 months clinically showed only a single patient
(15%) needing a second procedure.

The single repeat procedure was successful and carried
out a year following the first.

All the patients experienced some degree of pain post
procedure (n=7); visual analogue scores (VAS) ranged
from 1 to 6 (mean 2.3). Pain was relieved by paracetamol
and ibuprofen.

Follow-up clinic assessments ranged from 5—17 months
post procedure. Six patients attended the follow-up clinic
appointments. The patient lost to clinical follow-up was a
regional referral and did not attend locally for follow-up.
No documentation of VAS for pain was found in the clinic
notes. Five patients had no documented pain at the time of
the clinic visit, and one patient had mild, intermittent pain,
which did not affect sporting activities, and required
occasional paracetamol, but no NSAIDs.

A telephone questionnaire regarding pain and current
physical activity was carried out by one of the authors (DK)
at the time of the retrospective study. The telephone
assessment ranged from 20 months to 4 years after the
procedure. Only four patients could be contacted. The

remaining three patients’ personal details had changed, and
they could not be contacted. All four patients contacted had
a VAS of 0 for pain at rest, and had returned to their normal
activities, some of which included active, noncompetitive
sports.

Discussion

Treatment of OOs is the first musculoskeletal application of
radiofrequency ablation, and it has modified their treatment
significantly, providing a safe alternative to surgery [10,
14, 19, 20]. Surgery is not without risk, as these tumours
can often be difficult to access, be close to major vessels, or
nerves, or require en bloc resection. Tumours of the spine
carry the added risks associated with spinal surgery, and are
resected less often than peripheral tumours.

Percutaneous options include RF ablation [2, 3, 10, 11,
13—15], percutaneous excision [8], with low calibre needles
and drills [21], MR-guided therapy [22], CT-guided
drilling of the nidus [20] and laser photocoagulation [5,
23-27]. The use of bipolar ablation has been described in a
small group of patients with promising results [28]. The
largest published series of percutaneous treatment of spinal
OOs is 12 [5] treated with laser photocoagulation.
Although relatively small, our series of seven patients is
the largest series treated with RF ablation. As with laser
photocoagulation there were no periprocedural complica-
tions associated with RF ablation, using a neuroprotective
sterile water infusion, in our experience [5].

In our series one out of seven (15%) OOs recurred
within 6 months which is comparable to other published
data [10, 12, 14, 29]. Although it is possible that the
OO may recur in some of these patients after the 2-year
period of follow-up this is thought to be uncommon and
a 2-year follow-up is standard in the orthopaedic
literature [10, 15]. It is recognised that recurrence of
OO after percutaneous treatment is often related to size,
but in our series the size of the single recurring lesion
was not statistically significant [20].

At our institution we use the Bonopty needle to gain
access to the nidus. Our anecdotal experience is that the
Bonopty needle is manoeuvrable in small places. The
central drill bit trocar is very helpful for careful drilling
through the outer cortex because it does not need much
pressure to cut through cortical bone and therefore
positional control is maintained. This limits the risk of
damage to the adjacent structures and the needle is of an
optimal size for passing the radiofrequency needle through
it if need be. Our modification to the radiofrequency
technique in order to decrease the incidence of neurological
injury involves guiding a 21G spinal needle through the
soft tissues, to the lateral mass structures. Using a coaxial
technique, a 26G curved needle is passed through the 21G
needle. The 21G needle acts a buttress for the 26G through
the soft tissues. The 26G needle is then used to negotiate
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the lateral mass structures and access the exit foramen
around the anterior aspect of the facet joint. The technique
is the same as for CT-guided foraminal nerve root
injections.

Just before the ablation cycle, a bolus (10 ml) of room
temperature sterile water is injected over 30 s through the
26G spinal needle into the exit foramen and adjacent
epidural space to reduce the chances of thermal damage to
the adjacent neural structures.

Limitations of the study include the relatively small
sample size. Although small, this appears to be the
largest series of RF ablation of spinal OOs to date using
this neuroprotective technique. A similar technique using
laser photocoagulation and a similar method of neuro-
protection has been described in five patients [5]. There
is likely to be some selection bias given this is a
retrospective study and patients were not randomised.
One of the patients in this series was reviewed by a
surgical team at a major orthopaedic hospital, and
deemed not suitable for surgery due to the risk of
morbidity. This procedure was carried out at our

institution and illustrates the possibility that only those
patients who were not deemed to be surgically
remediable are referred for radiological intervention
and may therefore be the more difficult cases.

The use of RF ablation in treating peripheral bone
lesions has been well described but concerns about
neurological thermal injury remain when treating OOs in
the spine [2, 4, 11, 17]. Epidural irrigation with water may
be one way of minimising this risk. Despite not being a
tertiary referral orthopaedic or paediatric centre our
experience suggests that RF ablation, with neuroprotective
modifications, can be performed safely and effectively in
the spine.

Conclusion

Radiofrequency ablation of spinal osteoid osteomas, using
a modified neuroprotective technique of concomitant
epidural irrigation with water, appears to be a safe and
effective treatment.
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