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Abstract

Purposes We sought to verify the efficacy and safety of
RFA in spinal OO and osteoblastomas (OB) (Enneking
Stage 2, S2).

Methods We retrospectively reviewed patients treated in
our hospital. Surgical resection was indicated for Enneking
Stage 3 OB. RFA indications for spinal OO and OB (S2)
were no neurological deficits, complete bone cortex around
the lesion on computed tomography (CT), and cerebrospinal
fluid between a lesion and the spinal cord/nerve root on
magnetic resonance imaging. Abundant cerebrospinal fluid
(more than 1.0 mm) between the lesion and nerve root/spinal
cord was preferred to prevent neurological damage by heat.
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Otherwise, surgery was recommended. The minimum fol-
low-up was 24 months.

Results Ten patients were treated with CT-guided percu-
taneous RFA, including three with OB and seven with OO.
No patients had neurological deficits or scoliosis. In OO
patients, the average visual analog scale (VAS) scores were
7.6/10 (range 6-10) before RFA. In OB cases, the VAS
scores were 8, 7, and 9 before RFA. Nine patients had a
one-stage biopsy and then RFA, and one patient had a two-
stage procedure (biopsy before RFA). The average RFA
time for OO was 10 min (range 4-12). In the three OB
cases, the RFA time was 12, 12, and 24 min. The time of
the whole produce was 98 min (range 65-130 min). All 10
patients were followed-up. The average follow-up time of
OO0 was 46.6 months (range 24-66). Six patients were free
of pain, except one who suffered occasional pain with VAS
2/10. The three OB cases were free of pain at 24, 26, and
26 months.

Conclusion CT-guided percutaneous RFA is a safe and
effective treatment for spinal OO and S2 OB, especially in
lesions with no neurological deficits and intact cortical
bone. Cerebrospinal fluid around the lesion is an appro-
priate indication for percutaneous RFA.

Keywords Radiofrequency ablation - Spine - Osteoid
osteoma - Osteoblastoma - Enneking stage

Introduction

Osteoid-producing primary bone tumors are rare lesions,
with the most prevalent being osteoid osteomas (OO) and
osteoblastomas (OB). Less than 10% of these lesions are
located in the spine [1]. A particular challenge is OB’s
histologic resemblance to OO. In the current study, we
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used tumor size of less than 1.5 cm to indicate an OO and
anything larger as a marker for OB [2, 3]. It has been
reported that OO may progress to OB, which is thought to
be rare [4]. Most OO lesions and some OB lesions are
active (Enneking stage 2, S2), and other OB lesions are
aggressive (Enneking stage 3, S3) [5-7].

Nonsteroidal anti-inflammatory drugs (NSAIDs) are an
optional conservative treatment for OO. The historical
standard treatment has been surgical resection [2, 8, 9].
Potential surgical complications have made percutaneous
radiofrequency ablation (RFA) an attractive alternative due
to less bone destruction and shorter hospitalization, with
equal safety and efficacy [10-14]. Intralesional curettage is
recommended for S2 OB [2, 6]. To the best of our
knowledge, only two spine OB cases treated by RFA have
been reported in the English-language literature [13, 15]. In
this retrospective study, we evaluated the safety and effi-
cacy of RFA for spine OO and OB (S2) cases treated in our
hospital.

Materials and methods

The hypothesis we hold is that RFA is efficient and safe in
spinal OO and osteoblastomas (OB) (Enneking Stage 2,
S2). The medical records of patients who underwent
treatment or consultation with the spinal surgery team in
our hospital between November 2007 and May 2014 for
OO or OB were retrospectively reviewed. A retrospective
review of hospital charts, operating room reports, office
charts, pathology reports, and radiographs was performed.
The data collected included the patient’s age, gender,
symptoms, neurological function, radiological features,
pathology, details of RFA, outcome, and complications of
treatment. The modified Frankel Grade and visual analog
scale (VAS) were used to evaluate patients’ neurological
function and pain. The minimum follow-up was
24 months. Cases with surgical treatment and/or without
definitive pathological diagnosis were excluded from this
study. This study was approved by the Ethical Committee
of our hospital and conducted according to the principles of
Declaration of Helsinki. Because this was a retrospective
review, informed consent was waived.

Patient cohort

Twenty-three spinal OO and 39 spinal OB cases (including
four S2 and 35 S3) were treated in our department. Among
these 62 cases, 10 were treated with computed tomography
(CT)-guided percutaneous RFA, including three patients
with OB (all male; 9, 13, and 21 years old) and seven with
OO (one female, six males; median age 30.1 years old;
range 16-55).

Imaging and biopsy

We routinely performed posterior-anterior and lateral spinal
radiography, CT, and magnetic resonance imaging (MRI).
For patients with typical radiographic results of OO and OB
(Stage 2), we performed percutaneous CT-guided trocar
biopsy and then percutaneous RFA in one stage. Typical
lesions have a distinct radiolucent, round, or oval nidus with
variable internal calcification and sclerotic rim seen on fine-
section CT. For patients with untypical radiographic fea-
tures, a bone scan and percutaneous CT-guided trocar biopsy
were indicated. Once the pathology was confirmed, percu-
taneous RFA was the first treatment option.

Treatment protocol

Surgical resection was indicated for S3 OB. We have been
performing RFA since 2011. The indications for RFA for
spinal OO and OB (S2) were no neurological deficits, the
existence of complete bone cortex around the lesion on CT,
and the existence of cerebrospinal fluid between the lesion
and the spinal cord or nerve root seen on MRI. If there was
abundant cerebrolspinal fluid between the lesion and nerve
root or spinal cord (more than 1.0 mm), the heat usually
did not damage them. Otherwise, surgery was recom-
mended. The benefits and risks of RFA and the surgical
alternatives were discussed with the patients or their par-
ents if the patient was a child.

In cases with typical radiological findings, we performed
one-stage biopsy and then RFA. If the radiological findings
were not diagnostic, biopsy was carried out first, followed
by RFA several days later after achieving a definitive
pathological diagnosis. The patients underwent percuta-
neous CT-guided biopsy and RFA under local anesthesia
with lidocaine and intravenous conscious sedation with
remifentanil and propofol. General anesthesia was indi-
cated if the patient was a child or could not tolerate local
pain during RFA. Local anesthesia and moderate sedation
were preferred, especially for lesions close to the nerve
root or dural sac, which might be endangered during RFA.
If the patient complained of aggravation of neurological
symptoms during RFA, surgery was indicated.

Patients were placed in the prone position or lateral
recumbent position according to the tumor’s location. The
RFA procedure was performed with a multi-detector CT,
and multiplanar reconstructions were used to guide the
coaxial bone biopsy system and define the optimal
path(s) to cover the whole nidus.

The entry point and trocar trajectory were planned on
CT scan with skin markers. After the skin entry point was
made with a 0.5 cm stab incision, the trocar (T-LokTM,
Angiotech, Vancouver, BC) was inserted into the cortex of
the lesion, which was additionally infiltrated with local
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anesthetics. CT was performed again to confirm the
appropriate tip position and the trocar trajectory. The nidus
was then penetrated with the penetration cannula. After
achieving an ideal specimen, we replaced the puncture
needle with an RFA needle through the trocar. The needle
was usually inserted into the lesions along its longitudinal
axis to its outer rims, and its tip sat in the sclerotic rim,
which was confirmed by CT. The length of the ablation
electrode needle was chosen according to the size of the
lesion with two different lengths of the active tip (1.0 cm
and 2.0 cm). RFA was performed using a Cool-tip RFA
system (Valleylab, Covidien, Mansfield, MA, USA). The
RFA active tip was heated to 90 °C for 12 min, and
0.5-1.0 cm around the tip (the radius from the probe tip) of
the RFA needle was ablated. In case of OB or oval-shaped
0O, if the needle could not be placed along the lesion’s
longitudinal axis, a single RF ablation might not have been
sufficient, and repeated RFA would have been performed
immediately (case 3, Fig. 3). If the patients had intolerable
discomfort, the RFA might be intermittent, or the proce-
dure might change to general anesthesia.

If the lesion had an intact cortical bone, RFA could be
performed safely, since the cortex could be an ideal insulator
between the lesion and the thecal sac or spinal nerves. In case
of a “missing” cortical layer (too thin to observe on CT, but
could still be observed under a microscope) with regard to the
neuroforamen or the spinal canal, a sensor might be needed to
measure the temperature next to the ablation area. In the case
of OB or eclipse OO, two tips were recommended to cover the
volume of the whole nidus. First, the access trajectory was
planned in all dimensions with regard to the shape of the nidus.
RFA was then repeated with different electrode positions to
increase the ablation volume and efficacy.

Once RFA was finished, the trocar was pulled out with a
needle. Patients, especially their neurological symptoms,
were closely monitored during the procedure. They were
usually discharged within 48 h after RFA. NSAIDs were
administered for only a few days after the procedure. All
the cases were performed by senior surgeons.

Follow-up

We obtained X-ray and CT at 3, 6, 12, and 24 months after
the index procedure, and then every two years thereafter.
VAS and neurological deficits were recorded. Long-term
success was assessed using VAS regarding the effect of
RFA on the severity of night pain and pain throughout the
day. If the patient displayed symptoms indicative of local
recurrence, immediate CT and MRI scans were suggested.
If suspected recurrence could be neither confirmed nor
ruled out, bone scintigraphy was indicated. If a technetium
bone scan confirmed intense radionucleotide uptake at the
suspected lesion, repeated RFA was suggested.
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Results

There were three S2 spinal OB cases and nine spinal OO
cases underwent treatment in our hospital since we started
RFA in 2011. All of the three OB cases underwent RFA.
Two of the OO cases did not meet the indications for RFA
after radiological evaluation because the lesions were too
close to the neurological structures. Three OB cases and
seven OO cases treated by RFA were reviewed.

In the three OB cases, the lesions involved the posterior
arch of the atlas, C5 lamina, and T3 vertebral body. In the
seven OO cases, the involved segments were cervical in
three, thoracic in two, lumbar in one, and sacral vertebra in
one. The lesion locations were odontoid process of C2 in
one patient and the appendix in six.

No patients had neurological deficits or obvious scoliosis
(Cobb angle greater than 10°). In addition, no one had a pre-
vious surgical intervention. In the seven OO patients, the
average duration of symptoms before diagnosis was
21.7 months (range 8-30 months). The average VAS was 7.6/
10 (range 6-10), and all patients suffered from night pain. Six
OO patients took NSAIDs; five had partial relief and one had
no effect. The durations of the symptoms of the three OB
patients were 12, 12, and 60 months. Their VAS scores were
8,7,and 9. Only one patient (case 3) suffered from night pain.

In nine cases with typical radiological findings, we
performed one-stage biopsy and then RFA. But in one case
(case 3), its radiological features were not diagnostic, so we
did biopsy first, and RFA seven days later after achieving
the pathological diagnosis. We used the exactly the same
entry point and trajectory. We did not feel any difficulty
during the second procedure.

The average RFA time for OO was 10 min (range
4-12 min). One patient (case 10) had RFA for only 4 min
due to severe pain and refused general anesthesia. No
complications were observed and their pain was relieved
immediately after the procedure. Patients were discharged
within 48 h after surgery, with the exception of one patient
who was discharged three days after RFA due to persistent
pain, which disappeared before discharge. In the three OB
cases, the RFA time was 12, 12, and 24 min (case 3, two
positions). The time of the whole produce was 98 min
(range 65-150 min). No complications were observed.
These patients were discharged at one, one, and two days
after surgery. The pathological diagnoses of biopsy were
OB or OO in all the patients (Figs. 1, 2, 3, 4).

All 10 patients were followed up. The average follow-up
time of OO was 46.6 months (range 24-66 months). Six
patients were free of pain, except one who suffered occa-
sional pain, with a VAS score of 2/10 (case 9). The follow-
up time in the three OB cases was 24, 26, and 26 months.
All three were free of pain (Table 1).
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Fig. 1 Case 1, a 9-year-old boy had local pain for 12 months, and his
VAS was 8/10. a, b Axial and sagittal CT showed a lytic and
expansive lesion with dotted central calcification and with clear
boundary in the center of the posterior arch of atlas. The inner cortex
of CI lamina seems blurry. The lesion’s maximum diameter was
22 mm. ¢, d Axial and sagittal MRI showed hybrid signal in lesion.

Discussion

For spinal OO and OB in S2, the primary objective of
treatment is pain relief. Surgical resection is effective for
spinal OO [8, 9]. Boriani et al. [6] recommended intrale-
sional curettage for spinal S2 OB and en bloc resection for
S3, which is aggressive and has a higher recurrence rate.
Complete excision of the lesion often involves extensive

e After the pathology was confirmed by CT guide biopsy, percuta-
neous radiofrequency ablation (RFA) was carried out under general
anesthesia in lateral recumbent position along the longitudinal axis of
the lesion. f CT at 6-month follow-up showed interval healing of the
nidus. He was pain-free at 24 months after the index procedure

bony removal, which usually leads to local spinal insta-
bility. Extensive excision might endanger the spine cord or
nerve root. While incomplete excision will lead to recur-
rence, the recurrence rates have been reported as high as 5
and 80% for OO and OB, respectively [9, 16].

RFA of spinal OO has chiefly been reported in small case
series [10, 11, 13—15, 17-19], and the largest report included
24 cases. In our seven cases, percutaneous RFA showed good
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Fig. 2 Case 2, a 24-year-old male had local pain for 5 years, and his
VAS was 7/10. a, b Posterioanterior and lateral radiography showed
sclerosis in C4-6, centered in the right lateral process of CS5. c,
d Axial and coronial CT showed a lesion in right lateral process of
C5. The maximum diameter is 28 mm. e Axial T2-weighted MRI

results in treating spinal OO with short hospitalization and no
bone resection, which is consistent with another report [13].
Although percutaneous CT-guided radiofrequency ablation
is accepted as the standard treatment for OO in the extrem-
ities, [2, 15] this technique is limited in spinal applications
because of the risk of thermal damage to adjacent neu-
rovascular structures. Radiofrequency heating at around
45 °C has been shown to be cytotoxic to the spinal cord and
peripheral nerves, and the temperature effects of radiofre-
quency heating on the adjacent neural structures must be
considered before the application of RFA [20]. In the OO
lesions with missing cortex seen on CT, a thin layer of cor-
tical bone could still be observed under a microscope, which
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demonstrated decreased signal intensity. f Percutaneous RFA along
the lesion’s longitudinal axis. g Axial CT at 6-month follow-up. h At
15-month follow-up, the patient was pain-free and axial CT showed
interval healing of the lesion

could provide an insulation effect to prevent cytotoxic
temperature elevations in the spinal canal. The rich epidural
venous plexus and cerebrospinal fluid pulsations could pro-
vide additional local heat sinks [10].

OB lesions are often more expansive and have less
sclerotic borders, and may have a more aggressive imaging
and histological pattern when compared with OO. Given
the fact that surgery is considered the gold standard, to the
best of our knowledge, only two spinal OB cases treated
with RFA have been reported in the English-language lit-
erature. In addition, RFA has often been used in the
treatment of OB of the extremities [13, 15]. In our study,
RFA was applied in three cases of spinal S2 OB lesions,
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Fig. 3 Case3, a 13-year-old boy suffered back pain and night pain for
12 months. His VAS was 9/10. a Lateral radiography showed
increased density on T3 (arrow). b Bone scan showed increased
intake on T3. c—e Axial, coronal, and sagittal CT showed osteolytic
bone destruction. The outer cortical bone of the right vertebral body

with no recurrence at the final follow-up. In the case of
spinal OB or oval-shaped OO, the lesions required longer
RFA time, multiple needle positions, or needle along the
longitudinal axis of the lesion.

The major complication of spine RFA is thermal dam-
age to the spinal cord or nerve roots. It is generally
believed that cortical bone has an insulation effect on heat
transmission [20]. An ex vivo experiment by Greenberg
et al. [21] showed that the insulation effect of cortical bone
is better than that of cancellous bone, and with the increase
in tumor size, the RFA temperature does not have an
impact on the surrounding tissues. Yamane et al. [22]
reported that 44 °C in the epidural space is the highest
tolerable temperature for normal spinal cord function.
Klass et al. [18] reported that a bolus of sterile water,
injected through a spinal needle into the exit foramen and
adjacent epidural space before ablation, is a safe and

became blurry with sclerosis on adjacent T2 and T3 vertebral bodies.
f, g Axial and sagittal MRI. h CT-guided biopsy followed by
percutaneous RFA. i, j At 6- and 12-month follow-up, the patient was
pain-free and the lesion’s outer layer got scelerosis

effective procedure when performing RFA, without
potential neurological thermal injury. In addition, Rybak
et al. [19] reported that special thermal protection tech-
niques involving the epidural injection of gas or cooled
fluid add safety, with the closest distance between the
lesion and the neural element of 4.3 mm. Weber et al. [13]
reported using thermal protection methods (gas injection)
and found that even tumors adjacent to the nerve roots or
the spinal canal can be treated safely with satisfactory
clinical success.

On the other hand, Vanderschueren et al. [10] reported
the heat sink effects of the spinal fluid and venous plexus,
which may protect the nerve roots and spinal cord, and
found that 2 mm is the minimum safe distance in RFA.
This is also mentioned by Yamane et al. [22], who thought
that RFA could be used with spinal fluid in cases of
incomplete bone cortex around the tumor. We concur that
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Fig. 4 Case 6, a 23-year-old man had local pain for 24 months, and
his VAS was 8/10. a Axial CT showed a lytic and expansive lesion
with central nidus and with surrounding sclerosis in left T7 pedicle,
which was adjacent to nerve root. The maximum diameter is 10 mm.
b Axial MRI. ¢, d Percutaneous radiofrequency ablation was carried

the minimum safe distance is 2 mm; however, if there is
cerebrospinal fluid between the lesion and spinal cord/
nerve root, the minimum safe distance could be 1 mm. In
this situation, we prefer moderate sedation with local
anesthesia. If the patient complains of neurological symp-
tom(s) during the procedure, RFA would be abandoned and
surgical treatment would be indicated, although we have
not faced this problem in our clinical practice.
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out under local anesthesia in lateral recumbent position along the
longitudinal axis of the lesion. e, f At 6- and 12-months follow-up, the
patient was pain-free and axial CT showed sclerosis of the internal
cortex of the lamina

The major limitations of our study are that it has a ret-
rospective design, the number of cases is small, and the
follow-up time was not long enough. Future prospective
studies are needed to examine RFA in a larger group of
patients with a longer period of follow-up.

CT-guided percutaneous RFA is safe and effective in the
treatment of spinal OO and S2 OB in experienced hands,
especially in lesions with no neurological deficits and cases
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Table 1 General information of 10 patients

No. Gender Age Symptom Location Pathological Size (max. diameter, VAS RFA time Follow-  Follow-up
pattern cm) (min) up VAS

1 M 9 LP Cl OB 22 8 12 24 0

2 M 24 LP C5 OB 2.8 7 12 26 0

3 M 13 LP+ NP T3 OB 2 9 12 + 12 26 0

4 M 32 LP+ NP T9 00 1 8 12 26 0

5 F 32 LP+NP C2 00 1.4 6 10 24 0

6 M 23 LP+ NP T7 00 1.0 8 12 24 0

7 M 16 LP+ NP Co 00 0.8 8 12 60 0

8 M 27 LP+ NP L2 00 1 7 8 61 0

9 M 55 LP+ NP C2 00 1.1 10 12 65 2

10 M 26 LP+ NP S 00 0.9 6 4 66 0

LP local pain, NP night pain, OB osteoblastoma, OO osteoid osteoma, VAS visual analogue scale, RFA radiofrequency ablation

of intact cortical bone. The presence of cerebrospinal fluid
around the lesion is an appropriate indication for percuta-
neous RFA.
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