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Abstract

Purpose To evaluate technical success and long-term outcome of CT-guided radiofrequency ablation (RFA) of spinal osteoid
osteomas (OO) and osteoblastomas (OB) in six different European centres.

Methods Eighty-seven patients with spinal OO (77) or OB (10) were treated with CT-guided RFA, after three-dimensional CT-
guided access planning. Patient’s long-term outcome was assessed by clinical examination and questionnaire-based evaluation
including 10-point visual analogue scales (VAS) regarding the effect of RFA on severity of pain and limitations of daily activities.
Clinical success was defined as a reduction of >30% in the VAS score and patient’s satisfaction.

Results Overall, RFA was technically successful in 82/87 cases (94.3%) with no major complications; clinical success was
achieved in 78/87 cases (89.7%). The OO/OB were localized in the cervical (n =9/3), the thoracic (n=27/1), the lumbar (n =
29/4), and the sacral spine (n=12/2). A decrease in severity of pain after RFA was observed in 86/87 patients (98.9%) with a
persistent mean reduction of overall pain score from 8.04 £0.96 to 1.46 + 1.95 (p < 0.001) after a median follow-up time 0f29.35
+35.59 months. VAS scores significantly decreased for limitations of both daily (5.70+2.73 t0 0.67 £ 1.61, p <0.001) and sports
activities (6.40 £2.58 to 0.67 +1.61, p <0.001).

Conclusion In a multicentric setting, this trial proves RFA to be a safe and efficient method to treat spinal OO/OB and should be
regarded as first-line therapy after interdisciplinary case discussion.
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Introduction

Osteoid osteoma (OO) is a common benign bone tumour that
occurs usually in childhood and adolescence [1, 2] with a
reported incidence of 2-3% among all bone primary tumours
[3]. Ten percent of all osteoid osteomas are located in the
spine, predominantly in posterior elements of the thoracic
and lumbar spine [4]. OO larger than 15 mm and with non-
aggressive behaviour are denominated giant OO or
osteoblastoma (OB) [5]. OO usually presents with a charac-
teristic focally lucent nidus and surrounding solid sclerotic
reaction. OB is four times less frequent than OO, more expan-
sive, has less sclerotic borders, and may have more aggressive
imaging features than OO, which makes histologic sampling
mandatory in all cases [6, 7].

Therapy is required both in OO and OB because of severe
bone pain that is independent from physical strain and
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typically worsens at night. In the spine, OO/OB can result in
painful scoliosis [4]. The pain is caused by the excessive pro-
duction of prostaglandins within the tumour’s nidus, which
explains that OO/OB respond well to non-steroidal anti-in-
flammatory drugs (NSAID) [8]. However, as NSAID is not
a reasonable long-term treatment option in young patients due
to undesirable side effects, open surgical excision of the nidus
has been the preferred therapy for OB and also for spinal OO
[4, 6, 9-13].

Computed tomography (CT)-guided radiofrequency abla-
tion (RFA) is accepted as the gold standard treatment for OO
in the extremities [2, 14, 15]. In the spine, however, RFA is
limited because of the risk of thermal damage to adjacent
neurovascular structures. Therefore, most authors have con-
sidered the spine and other critical locations, e.g. tumours
close to neural structures, as a (relative) contraindication for
RFA treatment [16—18]. Therefore, until a few years ago, suc-
cessful RFA of spinal OO and OB had only been reported in
several small case series [14, 19-22]. However, in order to
prove safety and efficacy of RFA for OO/OB in the spine for
different sites, interventionalists, and techniques, a
multicentric approach is required.

Thus, the purpose of this study was to assess the clinical
success of RFA of spinal OO and OB in a larger patient pop-
ulation in a multicentric setting based upon data of six differ-
ent European institutions.

Materials and methods
Ethical policy, in- and exclusion criteria

The study was approved by the institutional review boards of
Heidelberg and Rostock. It was performed according to the
declaration of Helsinki in its present form of 2013. Written
informed consent was obtained from all patients after the RFA
procedure and possible complications (e.g. thermal skin burn,
soft-tissue hematoma, nerve injury) had been fully explained.
After individual interdisciplinary (interventional radiologist
and orthopaedic spine surgeon) case discussion and by taking
into account patients’ preferences, either RFA or open surgical
resection of their spinal OO or OB was performed at the six
institutions between 2004 and 2017.

Inclusion criteria for treatment of the spinal OO or OB were
the typical clinical presentation to the interdisciplinary board,
verification of a nidus using at least 16-row multidetector CT
of the respective anatomic region of the spinal OO/OB.
Exclusion criteria of this study were missing informed con-
sent, missing clinical follow-up, and bone tumours of different
entity. Thereafter, the local databases of the six participating
centres were screened by the responsible interventional radi-
ologists of each centre, and all available material including
patients’ files and imaging data were reviewed. Two
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radiologists not involved in the conduct of spinal radiofre-
quency ablations have received data from all the six partici-
pating centres (image data, questionnaires, clinical examina-
tion protocols, etc.) and evaluated them in consensus. These
included, for example, the determination of the nidus size and
the complete statistical evaluation of the data obtained. This
was performed to ensure that the most objective possible eval-
uation and processing of the data can be done by radiologists
who were not involved in the actual procedure.

Patient population

All patients underwent a routine pre-procedural screening that
included medical history, physical examination, and basic lab-
oratory analysis (Table 1). Diagnosis of OO/OB was proven
by the combination of typical clinical presentation and imag-
ing studies, in particular multidetector CT that was performed
in 87/87 patients (100%), magnetic resonance imaging (MRI)
in 46/62 patients (74.2%, non-available data in 26 cases), con-
ventional radiography in 46/61 patients (75.4%, non-available
data in 26 cases), and scintigraphic bone scans in 24/61 pa-
tients (39.3%, non-available data in 26 cases).

Treatment protocol and RFA technique

The RFA procedure was performed by experienced and
board-certified consultant interventional radiologists
using at least 16-row multidetector CT under general
anaesthesia. During the whole procedure, sterile condi-
tions were ensured and the patients were prone posi-
tioned in the CT system. One or two grounding pads
were placed to inhibit the transmission of current through
the patient. At the level of the OO/OB, a spiral CT scan
was performed, covering the nidus and the minimum
caudal and cranial extent needed for planning safe ac-
cess. Multiplanar reconstructions were used to guide the
coaxial bone biopsy system and the RF-electrode place-
ment. Image data sets were reconstructed using standard
bone algorithms.

Skin access was identified using longitudinally placed can-
nulas as markers. Skin entry was made after a stab incision
and the periosteum was additionally infiltrated with local an-
aesthetics (2—4 ml of bupivacaine hydrochloride 0.5% or lido-
caine 1%). Procedural techniques included three-dimensional
CT-guided access planning in all cases using multiplanar re-
constructions in order to define the optimal access path and the
number of needle positions needed to cover the whole nidus.

In all cases, the access into the nidus was made with a
coaxial bone biopsy system including a coaxial manual dril-
ling device and a penetration cannula. The nidus was then
penetrated with the penetration cannula used as a placeholder.
The Leiden centre has taken biopsy specimens with the com-
patible biopsy needle of the Bonopty® system in all of its 35
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Table 1 Overview of the study population
00 OB

Patients, n 77 10
Age (years), median (range) 23 (4-60) 18 (9-28)
Gender, n (%) Male 50 7

Female 27 3
Follow-up time (month), mean + SD (range) 28.49 +35.75 (1-228) 36.00+35.45 (1-99)
Lesion’s location (n=6), n Cervical spine 9 3

Thoracic spine 27 1

Lumbar spine 29 4

Sacral spine 12 2
Nidus volume (ml), mean + SD 0.067+0.104 1.120+0.770

cases.' The radiofrequency electrode then was inserted
through the cannula and the active tip was placed within the
nidus. The ablation electrode with two different lengths of the
active tip was used depending on the extent of the nidus. The
following two equations predicted the maximum size of the
treatment zone:

(1) longitudinal axis of the treatment zone = 2 x lengths of
the bare (i.e. active) tip
(2) transverse axis = 2/3 long axis [23]

When the optimal needle position was achieved, the can-
nula was partially withdrawn to prevent heat propagation
along the needle.

Thermal protection was used with osteoid osteomas in
26.7% of the cases of the Heidelberg centre (overall in 4 out
of 15 cases) and in 27.3% of the cases of the Naples centre
(overall 3 out of 11 cases). When used, thermal protection was
achieved by epidural air insufflation, as has been reported
before [14, 22], using one or two separate 22-gauge cannulas
in order to yield distance between the nidus and the spinal cord
or nerve and to profit from the insulating effect of the injected
air within the adjacent epidural space. The 22-gauge cannulas
were introduced through an interlaminar approach and an
epidurogram was obtained after injection of 5 ml of air. In
the neuroforamen, we injected 1-2 ml of air. Thermal protec-
tion has been used in two (Heidelberg and Naples centre) of
the six participating centres in 7 patients (Fig. 1).

The RF-ablation was started without additional internal
cooling using saline solution. The internal cooling has been
used in some studies to increase the size of the ablation area
but the ablation area is less predictable and may compromise
adjacent structures [19]. The current was slowly increased
until the target temperature of 90 °C was reached. The total

! Of all the biopsies performed, 15 were consistent with the radiological diag-
nosis of osteoid osteoma. In three cases, a biopsy attempt was made but no
material could be obtained. All other biopsies, performed at the Leiden centre,
supplied insufficient material for classifying diagnosis.

ablation time was between 240 and 400 s for each single
ablation (Table 2), regardless of the anatomic location and
the total number of electrode positions [14, 15].

In general, patients were discharged within 24 h after a
post-therapeutic ward round including a physical
examination.

Outcome

Technical success was defined as a completed RFA including
placement of the active tip within the nidus (Fig. 2), with the
nidus border not exceeding the active tip by more than 5 mm,
as this distance is considered to be effective [24]. The patients
were instructed to contact the institution where the RFA was
carried out in case of pain recurrence or any other complica-
tions. Major complications were defined as prolonged hospi-
talization or additional treatment unrelated to the tumour [25].

The outcome was qualitatively and quantitatively
assessed using a standardized questionnaire for all centres
comprising 30 questions covering personal, social, and
clinical issues [14]. The questionnaire was given to the
patients or sent by email after being re-ordered for control
after 6 to 12 weeks after RFA. The follow-up time results
from the time at which the patient gave the last informa-
tion about his condition after the RFA treatment. Long-
term success was assessed using visual analogue scales
(VAS) regarding the effect of RFA on severity of overall
pain and limitations in daily activities as well as sports
activities (0—10, with 0: no pain/limitations up to 10:
maximum or most imaginable pain/limitations).
Moreover, other key questions assessed the patient’s sat-
isfaction (either “yes, satisfied” or “no, not satisfied”). We
defined a reduction of >30% in the VAS score, no pain
medication, and a patient’s satisfaction rated at least
“mostly satisfied” as clinical success [14, 15, 26].
Failure was defined as lack of significant pain reduction/
persisting pain or patient’s dissatisfaction. Further
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Fig. 1 Spinal RFA of an osteoblastoma (white arrow) in the first sacral
vertebra of a 10-year-old boy. Thermal protection was used by epidural
air insufflation in order to yield distance between the nidus and the spinal
nerves and to profit from the insulating effect of the injected air within the

questions quantitatively assessed the time to complete
pain relief and the occurrence of any complications [22].

Data analysis and statistics

Data analysis and statistical evaluation were performed with
SPSS, version 25 (SPSS Inc., Somers, NY). Descriptive sta-
tistics (mean, standard deviation, median, and range) was pro-
vided where appropriate, parametric data (e.g. changes in
post-RFA VAS scores) were tested using the 2-tailed
Student’s ¢ test for OO/OB. Before applying the Student’s ¢
test, normal distribution of data was tested and proved accord-
ing to the Shapiro-Wilk test. In all tests, a p value of <0.05
was considered to be statistically significant. p values were
adjusted for multiple testing according to the method of
Bonferroni.

Results

A total of 77 patients with spinal OO (27 female, 50 male;
mean age 23.18 + 10.46; range 4 to 60 years) and 10 patients
with spinal OB (3 female, 7 male; mean age 18.40+7.14;
range 9 to 28 years) were treated with CT-guided RFA
(Table 3). OO/OB were localized as follows: cervical (n =9/
3), thoracic (n =27/1), lumbar (rn = 29/4), sacral spine (n =12/
2). The morphology of the nidus was elliptical in 37 cases
(60%) and spherical in 25 cases (40%; non-available data in
25 cases), with a mean nidus volume of 0.067 +0.104 ml in
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adjacent epidural space. In addition, a thermistor-probe (black arrow) was
inserted for temperature monitoring during the RF-ablation. Technical
and clinical success was reached

00O and 1.120£0.770 ml in OB (p = 0.001), respectively. The
nidus was located within the posterior elements in 78.6% of
the cases (44 out of 56 patients; non-available data in 31
cases). Prior to statistical analysis, one patient was excluded
from our study as the suspected OO turned out to be an oste-
osarcoma at histology, which subsequently was surgically
resected.

Symptoms prior to intervention

The mean duration of symptoms prior to definitive diagnosis
of OO/OB was 17.29 + 14.30 months, in which 96.9% of the
patients (62 out of 64; non-available data in 23 cases) needed
medication for pain relief. The patient’s pain/limitations re-
sulted in an average VAS score of 5.70 during daily activities
and 6.40 during sports activities. The pain and limitations
before treatment had negative effects on profession or educa-
tion in 92.9% of the patients (26 out of 28; non-available data
in 59 cases).

Spinal osteoid osteomas

The mean follow-up time of patients with OO was 28.49
+35.75 months (range 1-228 months) and the mean ni-
dus volume measured 0.067+0.104 ml (range 0.003—
0.419 ml). In this study, we reached a technical success
rate of 94.8% (73 out of 77 cases) with minor complica-
tions (temporary pain and limited mobility one case
each) in 2.8% (2 out of 71 cases; non-available data in
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Technical RFA specifications

Table 2

Monopolar or

Target temp.  Ablation time

Ablation electrode

Penetration
cannula

Coaxial manual
drilling device

Coaxial bone

Centre

bipolar RF ablation

(2 lengths of the active tip)

biopsy system

Monopolar

400 s

90 °C

0.7/1.0 cm

Length 95 mm, inner diam. 1.8

Heidelberg  Bonopty®, AprioMed Length 122 mm, diam. 1.7 mm

mm, outer diam. 2.1 mm
Length 95 mm, inner diam. 1.8

Monopolar

400 s

90 °C

0.7/1.0 cm

Bonopty®, AprioMed  Length 122 mm, diam. 1.7 mm

Naples

mm, outer diam. 2.1 mm

Bonopty®; AprioMed Length 122 and 160 mm, diam. 1.7 mm  Length 95 mm, inner diam. 1.8

4-6 min Monopolar

90 °C

0.7/1.0 cm

Leiden

mm, outer diam. 2.1 mm
Length 95 mm, inner diam. 1.8

Monopolar

480 s

90 °C

0.7/1.0 cm

Bonopty®; AprioMed Length 122 mm, diam. 1.7 mm

Hannover

mm, outer diam. 2.1 mm
Length 95 mm, inner diam. 1.8

Monopolar

400 s

90 °C

0.7/1.0 cm

Bonopty®; AprioMed  Length 122 mm, diam. 1.7 mm

Antwerp

mm, outer diam. 2.1 mm
Length 95 mm, inner diam. 1.8

Monopolar

4 min.

90 °C

0.7/1.0 cm

Bonopty®; AprioMed  Length 122 mm, diam. 1.7 mm

Madrid

mm, outer diam. 2.1 mm

6 cases) and relapses in 9.2% (7 out of 76 cases; non-
available data in 1 case). There was an overall patient’s
satisfaction with the RFA procedure in 90.09% (70 out
of 77 cases) and clinical success rate of 89.6% (69 out of
77 cases). The median time interval until bone pain
changed (decreased, resolved) after RFA was 8.28 +
11.28 days, with a mean overall pain reduction of 6.62
+2.24 VAS score points, from a mean VAS score of
8.04+0.99 before to a median VAS score of 1.42+
2.03 after the RFA procedure (p <0.001). The mean
VAS score for all spinal OO patients treated with RFA
significantly decreased likewise for limitations in daily
activities with a mean reduction of pain/limitations of
4.83+£2.94 VAS score points, from a mean VAS score
of 5.54+£2.99 before to a median VAS score of 0.71 £
1.71 after the RFA procedure (» <0.001). In addition, for
pain/limitations in sports activities, there was a signifi-
cant amelioration with a mean reduction of pain/
limitations of 5.50 +£2.84 VAS score points, from a mean
VAS score of 6.21 £2.81 before to a median VAS score
of 0.71+1.71 after the RFA procedure (p <0.001). Bar
diagrams illustrating the pain level at first presentation
and after RFA are presented in Fig. 3.

Spinal osteoblastomas

The mean follow-up time of patients with OB was 36.00 =
35.45 months (range 1-99 months) and the mean nidus vol-
ume measured 1.120+£0.770 ml (range 0.186-2.143 ml). In
this study, we reached a technical success rate of 90.0% (9 out
of 10 cases) with minor complications (temporary pain and
limited mobility one case each) in 22.2% (2 out of 9 cases;
non-available data in 1 case) and relapses in 44.4% (4 out of 9
cases; non-available data in 1 case). There was an overall
patient’s satisfaction with the RFA procedure in 90% (9 out
of 10 cases) and clinical success rate of 90.0% (9 out of 10
cases). The median time interval until bone pain changed (de-
creased, resolved) after RFA was 7.67+£9.50 days, with a
mean overall pain reduction of 6.21 + 1.49 VAS points, from
amean VAS score of 8.05 £ 0.69 before to a mean VAS score
of 1.84 + 1.11 after the RFA procedure (p < 0.001). The mean
VAS score for all spinal OB patients treated with RFA signif-
icantly decreased likewise for limitations in daily activities
with a mean reduction of pain/limitations of 5.83 +1.84
VAS points, from a mean VAS score of 6.33 +1.21 before to
a median VAS score of 0.50+1.23 after the RFA procedure
(p=0.001). In addition, for pain/limitations in sports activi-
ties, there was a significant amelioration with a mean reduc-
tion of pain/limitations of 6.67 +2.34 VAS score points, from
a mean VAS score of 7.17+1.17 before to a median VAS
score of 0.50=+1.23 after the RFA procedure (p =0.001).
Bar diagrams illustrating the pain level at first presentation
and after RFA are given in Fig. 3.

@ Springer
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Fig.2 RFA of a thoracic spine (T10) osteoid osteoma (white arrow) of a 29-year-old woman. With intact cortical bone (black arrow), thermal protection

was not necessary. Technical and clinical success was reached
Discussion

This is the first trans-European multicentre study with a large
cohort to prove that RFA is a safe and efficient method to treat
spinal OO and OB. RFA was technically successful in over
94% of the patients and there were no major complications.
A decrease in severity of pain after RFA was observed in all
but one patient with an overall significant VAS score reduction
of 81.84% (1(86) = 28.39, p < 0.001). Both daily limitations and
limitations of sports activities decreased significantly after RFA
(OO/OB combined all with p<0.001). We present technical
and clinical success rates of 94.8%/89.6% for spinal OO and
90.0%/90.0% for spinal OB treated with RFA. Thus, the suc-
cess rates of our study are comparable with figures (85-100%/
89-100%) presented for RFA of OO [17-19, 22-25, 27-35].
However, in these studies, spinal [32] lesions or OB had been
excluded [17, 18, 27, 30] and all of these studies were single-
centre studies. There may be other threshold values applicable
for the definition of clinical success apart from the 30% thresh-
old used in our study, according to recent recommendations
[14, 15, 22, 26]. However, when using a 50% threshold, the
results do not change substantially and only one patient does
not meet the criteria of clinical success, leading to an overall
success rate of 88.5% (77/87). In view of the fact that not all
patients in this study were completely free of pain after RFA, it
may be noted that in OO/OB, the back pain may not entirely be

due to the lesions themselves. In our population, some patients
suffered from painful scoliosis secondary to the osteoid osteo-
ma (n = 95), spondylarthrosis (n = 2), and spinal epidural fibrosis
(n=1). Even with a technically successful RFA, at least some
degree of pain may persist due to such secondary/indirect
causes in a small number of patients.

The treatment of spinal OO/OB depends on the exact lo-
calization of the tumour; the temperature during intervention
decreases significantly beyond 1 cm distance from the active
tip [28], and the cortical bone has an insulating effect [29].
Therefore, OO restricted to the vertebral body can be safely
treated without specific protection techniques, when the nee-
dle positioning and ablation area are carefully planned. Thus,
spinal CT-guided RFA can be performed similar to RFA in
peripheral OO without specific protection techniques if the
nidus is located within the posterior elements [22].
Prerequisite is an intact cortical bone as an insulator between
the OO and the spinal nerves or a distance to critical neural
structure of over 1 cm [28]. The distance to the thecal sac
however could probably be chosen smaller; an assumption is
that the flow of liquor in the thecal sac has a cooling effect for
lesions close to it [36]. However, we recommend in case of
missing cortical layer of the tumour with regard to the
neuroforamen and less than 1 cm distance to neural elements
that thermal protection should be performed prior to spinal
RFA [19, 22, 31].

Table 3 Included patients from

the six participating European Centre (country) Included OO Included OB
centres

Leiden University Medical Centre, Leiden, The Netherlands 35 0

Hospital Universitario Fundacién Alcorcon, Madrid, Spain 13 4

Heidelberg University Hospital, Heidelberg, Germany 12 3

Cardarelli Hospital, Naples, Italy 9 2

Hannover Medical School, Hannover, Germany 6 1

Antwerp University Hospital, Antwerp, Belgium 0
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Fig. 3 Bar diagrams illustrating the decrease in pain and limitations after
RFA. The mean values (error bars show standard deviations) of the visual
analogue scale (VAS) are illustrated, which was assessed using a stan-
dardized questionnaire, regarding the effect of RFA on the severity of
overall pain, and limitations in daily activities as well as sports activities
of the patients with spinal osteoid osteomas (a) and osteoblastomas (b)

Our multicentric data substantiate the recommendation that
for spinal OO and spinal OB RFA should also be regarded as
first line therapy, as has been proposed by previous studies
with smaller patient populations [22, 27, 30]. In the future,
open surgical excision of spinal OO and of OB will be less
necessary. Surgical treatment of spinal OO and OB has several
drawbacks. Besides relapse rates of 4.5-25% [9, 13, 14], re-
moval of large osseous parts necessitating augmentation, in-
stability secondary to resection of posterior elements, spinal
cord, or nerve injury has been reported [9, 37]. However,
surgery will still be necessary in cases in which OO/OB are
not accessible via RFA, or too close to neural structures so that
thermal protection cannot not be performed safely. Spinal OO
originating from the periosteum often cause nerve root

compression and are as well not suitable for radiofrequency
ablation and therefore represent an indication for surgery.

Limitations

First, the retrospective study design of this multicentre study is
a limitation. Success rates were comparable with reports on
other procedures, while a prospective comparison of RFA with
other promising techniques like interstitial laser ablation [1],
microwave ablation, or cryoablation as well as surgery would
be desirable. Second, the decision towards RFA was made
individually together with the patient after interdisciplinary
case discussion at our institutions. A bias (i.e. assigning more
complicated cases to surgery than to RFA) cannot be exclud-
ed. Third, histological tumour verification was not always
possible when using RFA to treat OO, but we share the pre-
vailing opinion that a histological confirmation is not neces-
sary in the typical constellation of OO [22]. We recommend
biopsy, however, in equivocal cases including expansive or
aggressive looking OB. Also, the biological behaviour of
OB might have the potential to influence the recurrence rate,
which is an argument in favour of the additional effort of
taking histological samples in all OB cases [38].

Conclusion

In summary, CT-guided RFA is an efficient method to treat
spinal OO and OB, even if the tumour is adjacent to neural
elements, and therefore, RFA should be regarded as first-line
therapy after interdisciplinary individual case discussion.
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