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a b s t r a c t

Purpose: This study aimed to determine the success and complication rates of radiofrequency ablation
(RFA) in treatment of osteoid osteoma (OO) and duration of pain relief. Furthermore value of bone biopsy
prior to the RFA was evaluated.
Materials and methods: Within 61 months 39 patients (23 male, 16 female, 7–53 years, mean 18.7 years,
median 17 years) suffering from osteoid osteoma were treated. Lesions were located in femur (n = 20),
tibia (n = 10), spine (n = 5), humerus (n = 1), radius (n = 1), talus (n = 1) and pelvis (n = 1). In children, RFA
was performed under general anaesthesia, in adults conscious sedation was preferred. In 29 of 39 (74%)
lesion biopsies were obtained. Cooling of skin was performed in OOs located in bones with minor soft
tissue covering (tibia, radius) and saline flushing via an additional needle was performed if the OO was
adjacent to nerval structures. Primary success rate, complications, symptom-free interval, follow-up and
biopsy results were evaluated.

Results: Within observation period (1–61 months; median: 32 months) 38 of 39 patients were successfully
treated and had no more complaints. In 3 of 38 patients relapse occurred after 1, 14 and 32 months and RFA
was repeated. Two major complications (broken drill, infection) and 2 minor complications (hematoma,
prolonged pain) were observed. Biopsy was able to prove diagnosis in 14 of 29 (48%) cases.
Conclusions: Biopsy prior to treatment is not mandatory due to a remarkable amount of false negative

morp
fe m
findings in clinically and
minimally invasive and sa
. Introduction

Osteoid osteoma (OO), first described in 1935 by Jaffe, is a slowly
rowing, benign, round lesion of the bone which is characterized
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hologically unambiguous cases of OO. RFA is a highly effective, efficient,
ethod for the treatment of OO.

© 2008 Elsevier Ireland Ltd. All rights reserved.

by a nidus surrounded by sclerotic bone with a size of usually less
than 15 mm [1]. Radiography shows a radiolucent, sometimes cen-
trally calcified nidus, surrounded by sclerosis and periosteal bone
reaction. Various imaging modalities, such as radiography bone
scintigraphy and magnet resonance imaging (MRI) enable for diag-
nosing OO computed tomography (CT) is highly useful by depicting
the nidus as well as the surrounding sclerosis and periosteal bone
reactions [2,3]. OO composes 10% of all benign bone tumors [4]
and is associated with pain, which classically worsens at night and
responds well to salicylates. Even though 75% of all OO are diag-
nosed in children and young adults, they may even occur in the
mature skeleton up to 70 years of age [5]. Frequently, OO is located
in the cortex of long bones. Frequent sites are femur or tibia (50%),

while 10% are diagnosed to be in vertebrae [1]. The central nidus, a
hallmark of OO contains osteoblasts and osteoid as well as nerves
and vessels in the periphery of the lesion.

For the treatment of OO surgery, conservative treatment with
nonsteroidal antiphologistics and percutaneous interventions are
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otential options. Surgery is frequently associated with major mor-
idity and a prolonged period of recovery (especially after en-bloc
esection of osteoid osteoma in weight bearing bones), while long-
erm drug administration may result in gastrointestinal side effects
nd is not well tolerated by patients.

Rosenthal was the first to describe radiofrequency ablation (RFA)
s a minimally invasive therapeutical option for the treatment of OO
6]. Since then, several studies have been published describing the
ffects of RFA regarding outcome and side effects. However, few
arger series have been published and the duration of follow up is
ery variable.

Therefore the purpose of our study is to report our experience
oncerning the technical and clinical success, minor and major
omplications and especially long-term outcome after an observa-
ion period of up to 5 years after RF ablation of OO.

. Material and methods

Patients were treated with RFA, if they had a typical history of
ain, typically occurring during the night with relief after adminis-
ration of nonsteroidal antiphologistic drugs and if morphological
eatures typical of OO were detected in radiological imaging.
ll patients had been evaluated by an experienced orthopaedic
urgeon (HRD) prior to the treatment. Within a 5-year period

2003–2008) 39 patients were treated with RFA at our institution.
he patients’ cohort consisted in 23 males and 16 females with an
ge of 7–53 years (mean 18.7 years, median 17 years) at the time of
he treatment. Patients’ characteristics are summarized in detail in
able 1. In these 39 patients 39 OO were treated. The lesions were

able 1
ata of the treated patients including system used and follow up (months).

atient no. Sex Age Needle type

1 f 16 Starburst (RI
2 f 47 Cool Tip (Rad
3 f 53 Starburst (RI
4 m 27 Cool Tip (Rad
5 m 33 Starburst (RI
6 m 32 Cool Tip (Rad
7 m 40 Starburst (RI
8 f 11 Cool Tip (Rad
9 f 11 Starburst (RI

10 m 20 Starburst (RI
11 m 14 Cool Tip (Rad
12 m 12 Cool Tip (Rad
13 m 14 Starburst (RI
14 m 10 Starburst (RI
15 f 12 Starburst (RI
16 f 11 LeVeen (Bost
17 m 10 SDE (RITA)
18 m 11 SDE (RITA)
19 f 13 SDE (RITA)

0 m 21 SDE (RITA)
21 m 18 SDE (RITA)

2 f 28 SDE (RITA)
3 m 30 LeVeen (Bost
4 m 7 LeVeen (Bost
5 w 9 LeVeen (Bost
6 f 17 SDE (RITA)

27 m 21 LeVeen (Bost
8 m 10 SDE (RITA)
9 m 10 SDE (RITA)
0 f 11 SDE (RITA)

31 m 18 SDE (RITA)
2 m 14 LeVeen (Bost
3 m 16 SDE (RITA)
4 f 24 SDE (RITA)
5 m 19 LeVeen (Bost
6 f 14 SDE (RITA)

37 m 21 SDE (RITA)
8 m 12 Celon ProSur
9 f 16 SDE (RITA)
of Radiology 73 (2010) 374–379 375

located in the femur and femoral head (n = 20), the tibia (n = 10) and
the spine (n = 5). Further localizations included the humerus (n = 1),
the radius (n = 1), the talus (n = 1) and the pelvis (n = 1). Most of the
osteoid osteoma treated were cortically located (36 of 39) and only
3 were located medullary. The mean lesion diameter was 6 mm. In
29 of 39 (74%) patients a biopsy immediately prior to the treatment
was obtained.

At least 24 h prior to the treatment all patients or their legal
guardian had to give written informed consent after extensive
explanation of the planned therapeutic intervention, alterna-
tive therapeutical options (surgery, CT guided minimally invasive
surgery, CT guided alcohol instillation and pharmaceutical treat-
ment) and possible complications. The approval of a local IRB was
not necessary due to the character of the study as a retrospective
analysis.

In children and adolescents, RFA was generally performed under
general anaesthesia. Due to the fact, that according to our hospi-
tals policy all radiofrequency ablations of liver or kidney tumors
have to be done under conscious sedation and we perform up to
100 of these treatments a year, we are very experienced in pain
management during interventions. For this reason, conscious seda-
tion was preferred in adults. 9 of 39 treatments were performed
under conscious sedation using midazolam (Dormicum®, Roche –
Pharma, Germany) and piritramide (Dipidolor®, Janssen-Cilag, Ger-

many) together with local anaesthesia (Scandicain®, Astra-Zeneca,
Germany). Pulse and oxygen saturation were measured constantly
during the procedure in all patients using pulse oximetry. Oxygen
was given on demand via a face mask. The other 30 procedures
were performed under general anaesthesia mostly due to the fact

Localization Follow up (months)

TA) Radius 61
ionics) Collum femoris 57

TA) Femur 56
ionics) Femoral head 55

TA) Femur 55
ionics) Pedicle L4 55

TA) Talus 52
ionics) Pedicle L5 51

TA) Pedicle L5 50
TA) Femur 50
ionics) Tibia 49
ionics) Femur 46

TA) Pedicle Th 11 40
TA) Femur 38
TA) Tibia 36
on) Tibia 34

Collum femoris 33
Tibia 33
Femur 32
Collum femoris 32
Tibia 31
Femur 27

on) Pedicle Th 12 23
on) Collum femoris 22
on) Collum femoris 22

Collum femoris 21
on) Femur 21

Femur 21
Tibia 17
Collum femoris 16
Tibia 12

on) Collum femoris 12
Humerus 5
Os ischiadicum 5

on) Femur 5
Tibia 4
Tibia 4

ge micro Tibia 4
Femur 1
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Fig. 2. 11 years old girl suffering from an osteoid osteoma of the vertebral articular

toms similar to that experienced on initial clinical presentation
ig. 1. RFA of an OO located in the femoral neck. Due to the proximity of the neu-
ovascular bundle and the joint capsule a transfemoral approach was used to avoid
ny harm to critical structures.

hat a surgical drill had to be used to reach the nidus of the OO or
atients were young and the requested compliance could not be
nticipated. Depending on the localization of the osteoid osteoma,
atients were positioned on the CT table in a prone, oblique or
upine position. In general, the shortest distance through the bone
as selected for access. However, if such an approach was con-

idered unsafe due to proximity to neurovascular structures, joint
apsule or if the approach was technically difficult, the lesion was
eached by drilling from the opposite side of the bone (Fig. 1a and
). All procedures were performed using CT-fluoroscopy using sin-
le slice, 4 slice, 16 slice, 64 slice and 128 slice MDCT, respectively
Somatom Plus 4, Sensation 4, Sensation 16, Sensation 64, Defini-
ion AS, Siemens Medical Solutions, Forchheim, Germany). Most
atients suffering from OO are children, adolescents and young
dults and therefore it is most important to contain the radiation
xposure. For this reason the hand-careTM mode and a tube current
or CT fluoroscopy as low as possible (12–20 mA s) was applied to
educe radiation exposure to the interventionalist and the patient
o the lowest amount reasonable. 26 patients were treated using
he monopolar RITA Starburst XL or SDE electrode (RITA Medi-
al Systems, Mountain View, California, USA) with nine or three
eployable electrodes, respectively. In 7 patients a monopolar, mul-
itined expandable LeVeen electrode (Radiotherapeutics, Boston
cientific Corporation, Natick, Massachusetts, USA) was used with
he smallest diameter (2 cm) of the expandable electrode available.
n 6 patients the internally cooled, needle shaped Cool Tip electrode
Tyco healthcare, Neustadt, Germany) and in 1 patient a bipolar
lectrode (Celon ProSurge micro, Celon, Teltow, Germany) was used.
he access path was created under CT fluoroscopic guidance either
y using a 14 Gauge bone biopsy cannula (Somatex Spicut®, Teltow,
ermany) or with the help of a drill or power drill (Colibri, Synthes,
mkirch, Germany). If a drill or power drill was used, the skin was
rotected by using a protection sleeve. After creating the access, the
iopsy cannula was removed and a biopsy was obtained for harvest-

ng material for histopathologic examinations. The RF electrode was
nserted using CT fluoroscopy via the access path created. Depend-
ng on the generator used, completion of the ablation procedure

as defined either by reaching the target temperature (80–95 ◦C in
verage of the five/three thermocouples within the array or on the
ip of the electrode) and holding it for at least 6–8 min or by reach-
ng the so called “roll-off” (i.e. the significant increase of impedance
esulting in the loss of AC flow) twice indicating a complete coagula-
ion necrosis. Cooling of the skin using sterile draped ice packs was
erformed in OO adjacent to the skin (tibia, radius). An additional
eedle was inserted for saline flushing of the nerves roots if the OO

as close to nerval structures (spine) (Fig. 2a and b) as described by
angi et al. [7]. When the treatment was completed, the electrode
rray was retracted and the electrode was removed. If necessary, the
ncision of the skin was sutured and a sterile drape of the skin was
process L5 treated with a Cool Tip electrode (arrow). Due to the proximity of the
nerve route, a second needle (double arrow) was inserted and a continous saline
flushing of the adjacent structure was performed in order to prevent for nerve injury
due to heat.

performed. During the intervention all patients received a single
intravenous shot of 2 g mezlocillin (Baypen, Bayer AG, Leverkusen,
Germany) comparable to the approach used by the orthopaedic
surgeons to reduce the probability of a procedure related infection.

Procedures were considered to be technically successful if the
electrode was placed centrally in the nidus and if the target tem-
perature was reached and maintained.

According to our hospitals policy patients were discharged not at
the same day, but 24 h after treatment from the orthopaedic ward.
In case the lesions were located in the weight bearing bones they
were instructed to avoid sports for at least 3 months; all other daily
activities were allowed immediately after discharge. Moreover, they
were asked to show up again, if pain did not significantly decrease
or if adverse effects would occur. The follow up period has a maxi-
mum of 61 months (1–61 months, median 32 months, mean 30, 5
months).

3. Results

In 29 of 39 patients a biopsy was obtained successfully prior
to the treatment. In the other 10 patients a biopsy was either not
possible due to the hard surrounding sclerosis of the bone or the
histopathologic specimen were too small for a reliable histologic
diagnosis. In 14 of 29 biopsies histology confirmed the diagnosis
“osteoid osteoma” (positive rate 48%), while in 15 of 29 biopsies
(52%) only non-specific findings were obtained. There was no dif-
ference in the mean size of the diameter of the OO of both groups,
nor were there differences in localization of the lesion.

In all except 1 patient we were able to penetrate the sclerotic
rim and position the RF electrode centrally in the nidus. All 38 of 39
procedures could therefore be completed and were considered as
technically successful. In 1 patient RFA could not be performed due
to a complication regarding the drill—as described below. Immedi-
ate clinical success was achieved in 37 of the remaining 38 patients.
In one 11-year-old girl suffering from an OO of the lumbar verte-
bra L5 pain was not significantly reduced after the first treatment
and therefore a second RF ablation was performed 4 weeks later
(Fig. 2a and b). The second RF ablation was successful in terms of a
complete response and after the second ablation long-term clinical
success (after a follow up of 50 months) was achieved. In 36 of the 38
patients an immediate and long-term success regarding pain relief
was obtained at a median follow up time of 32 months (ranging
from 1 to 61 months). However, in 2 patients a relapse of the symp-
developed after 14 and 32 months, respectively. Both patients were
treated with a second RF ablation and are currently asymptomatic.
The number of treatments did not exceed 1 per patient due to the
fact that OO are very small in size and therefore an overlapping RF
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ig. 3. (a) 53 years old female patient suffering from an osteoid osteoma of the fem
ffect. (b and c) Due to the excessive reactive sclerosis the access path had to be crea
nd the drill bit remained in the bone.

olume comparable to the approach for larger soft tissue tumors
as not necessary. The average procedure time was between 60 and

20 min from the time the patient entered the CT suite (including
naesthesia and the treatment itself). The time varied considerably
epending on the patient’s age, the anaesthesiologist involved, the

ocation of the OO and the thickness of the sclerosis surrounding
he nidus.

There were two major complications requiring consecutive
urgery. One occurred in an adult female patient with a long-term
istory of OO. This OO was located in the femur and multiple sur-
ical attempts had been made to remove the nidus. Due to the
xtensive sclerosis surrounding the nidus (Fig. 3a–c) the access path
ad to be created with a surgical hand drill. After successful drilling
distance of about 1.5 cm the drill broke and a fragment of the

rill remained in the bone and the surrounding soft tissue making
surgical removal of the drill fragment mandatory. However, this

ccident was of some advantage for the patient, because by remov-
ng the drill fragment it was possible to remove the OO completely
sing the fragment as a marker for the en-bloc resection. Another
ajor complication after RFA of an OO in the tibia was a soft tis-

ue infection along the needle path with the need for a prolonged
.v. administration of antibiotics and a later surgical resection of the
djacent soft tissues. Moreover, two minor complications occurred.
n 1 patient with an OO of the femur a large hematoma surrounding
he needle entry point developed, which resolved spontaneously
ithout any therapy. Another patient, a 9-year-old girl with an OO

n the femoral neck suffered from prolonged pain for 2 weeks after
FA treatment. It resolved completely under symptomatic therapy
Fig. 4a–d).

No treatment related deaths, no anaesthesia related compli-
ations and no fractures of weight bearing bones or other late
omplications occurred. Furthermore, no instances of skin burn
ext to the electrode entry or in the area of the grounding pads
nd no neurovascular compromise developed.

. Discussion

The data analysis of our patients demonstrated a clinical suc-
ess rate of 92% (35/38) for the initial RF treatment which is in good
orrelation with other published studies [8,9]. In the patient with a
ecurrence of pain (1/38) after 4 weeks and the patients (2/38) with
recurrence during long-term follow up (14 and 32 months, respec-

ively), the second RF—treatment was clinically successful and no
atient had further complaints. The probability of an immediate

within the first month) recurrence is equivalent with a persistence
f symptoms as published in literature [9] is up to 12%. The 9-year-
ld girl with ongoing pain in our series had an OO within the pedicle
f L5 adjacent to the respective nerve root. Therefore, the first abla-
ion was performed with very high precaution and one possible
e patient had previously undergone several resections, however without long-term
ith a surgical drill. After successful drilling a distance of about 1.5 cm the drill broke

reason for the incomplete or insufficient ablation might be due to
the reduced ablation time because we were afraid of harming a
nerve root. The second – then successful – ablation was done in
a conventional manner with a target temperature of 85 ◦C and an
ablation period of 8 min—as suggested by many authors [1,10]. This
is one of the advantages of RFA that it can easily be repeated. If there
is a failure of the first ablation with a relapse of symptoms, the suc-
cess rate of a second RF ablation is near to 100%. In our series no case
of a third ablation due to ongoing pain was required in accordance
with other reports.

Late recurrence after surgical therapy may occur even after more
than 10 years [11] and for RF ablation late recurrence was reported
in up to 11% of patients with the latest recurrence described after
44 months [5]. There is one recent study [12] showing only a non-
diaphyseal location of the OO as an independent risk factor and at
least a trend to a higher recurrence rate for OO larger than 1 cm
in size. Another study proofs the size of the OO as only indepen-
dent risk factor for an incomplete ablation with a significant higher
recurrence rate for OO’s larger than 10 mm, while location, sex, cal-
cification and coagulation time were not identified as risk factors
[13]. The authors of this study used a RF electrode with a 5-mm
active tip, therefore the number of needle positions (composite
ablation technique) was a significant factor for a decreased risk for
symptom relapse especially in larger osteoidosteoma. In our series,
the patients with the recurrence of symptoms suffered from an OO
of the tibia and the femur, respectively. Both lesion were quite large
in size (9 and 12 mm) and were treated with only one single needle
position.

In our patient cohort we had two major complications, mak-
ing a further surgical therapy necessary. In one patient the surgical
drill broke and the drill fragment had to be removed surgically. It is
well known, that especially patients with thick sclerotic bone are
at risk of this complication due to marked heating of the needle as
well as choking of the needle with cortical bone. A possible relief
could be to change the needle part way through the drilling for a
fresh needle in order to avoid breaking of the drill. However, due to
surgical data, breakage of drill is the most common defect of sur-
gical instruments and occurs in about 3 of 1000 internal fixations
[14]. Especially during internal fixation of humeral or femoral frac-
tures the necessity to drill cortical bone at an incident angle similar
to that we used, leads to a bending of the drill bit and is there-
fore responsible for the breakage [15]. There is little evidence that
retention of the drill bit fragment in the bone causes any harm to the
patients and therefore in most cases the fragment is left in place.

In this particular patient further surgery was performed because
during the removal of that piece of the drill the OO could be com-
pletely removed using the fragment as a marker for the resection.
Therefore, the only “real” major complication was an infection of the
needle tract in spite of working under sterile conditions and using
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Fig. 4. (a) 9 years old girl suffering from an OO of the femoral neck (minor trochanter). (b) The intervention was performed under general anaesthesia. First, an access path
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as created using a surgical drill. (c) After creating the access a RITA SDE electrode
eriod of 8 min. (d) Patient had prolonged pain—therefore a MRI examination was pe
oft tissue edema was seen adjacent to the proximal femur. No signs of an abscess fo
ntensity.

.v. antibiotics during the intervention. The infected tissue had to
e removed surgically—however, no evidence of an osteomyelitis
r osteitis did occur and the patient recovered without any remain-

ng problems. Minor complications were found in 2 patients—in 1
atient a hematoma and in another prolonged pain for 2 weeks
hich resolved spontaneously under symptomatic treatment.

In our cohort were 5 patients suffering from OO of the spine
ho were treated without any complications and with good clinical

esults. There are different opinions regarding the treatment of OO
ocated in the pedicle or close to the nerve roots. Rosenthal et al.
8] describe the treatment of these OO as not advisable because
here is an increased risk of thermal injury of the nerves, while
angi et al. [7] and Martel et al. [16] found the therapy save, and
ypothesized that the surrounding sclerosis and the cortical bone
cts as an effective insulator. Therefore we conclude that nerves

nd other structures are not at risk for any heat related damage.
urthermore, we used a cool bath technique – as described by Gangi
7] – with a slow infusion of saline of room temperature at a flow
ate of 60 ml/h via an additional needle. Another technique applied
y us to avoid heat related tissue necrosis especially in patients
nserted and the RF ablation was performed at a target temperature of 85 ◦C over a
ed 1 week after the initial treatment to rule out any severe complications. Extensive
ion. The coagulation necrosis subsequent to RFA is depicted as an area of low signal

with OO in the radius or tibia is the sterile draping of commercially
available cool packs. The cool packs were positioned around the
needle shaft at the entry point and secured a sufficient cooling of
the overlying skin and soft tissues.

Unlike in most other published studies [17–19], we tried to
obtain biopsies prior to the treatment to confirm the diagnosis.
In less than 50% of samples a correct—positive histological diag-
nosis of OO was obtained. However, the imaging signs and clinical
symptoms can be regarded as pathognomonic so that it is adequate
to perform therapy in the absence of a histopathological confir-
mation of the diagnosis [20]. Even in the largest published series
which includes 263 patients treated with RF ablation [8] with 271
biopsies obtained prior to the treatment, nearly 30% of all biopsies
did not confirm the diagnosis of OO. Other studies even describe
the correct positive rate to be as low as 36% [2,21]. Furthermore,

it is well known, that findings at needle biopsies in primary bone
tumors may have a substantial false-negative rate and especially
in OO non-diagnostic biopsy findings are very common even after
surgical resection [22]. This is – beside the small size of the speci-
men obtained with needle biopsy – due to the small diameter of the
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idus, which is the only part of the OO which allows for evaluation
y histopathology whereas the surrounding bone sclerosis is non-
pecific. Therefore, we did not exclude patients from RF—treatment
r from this study in analogy to other authors [8,20], if clinical and

maging findings were conclusive and indicative for the diagnosis
f an osteoid osteoma.

Despite the massive reduction of the tube current to 12–20 mA s
t a voltage of 120 kV during CT fluoroscopy to reduce the radiation
xposure to the patients image quality was good enough to per-
orm all procedures successfully. Due to the high inherent contrast
f the nidus versus the adjacent sclerotic bone, radiation could be
reatly reduced without compromising the visibility of the anatom-
cal structures as well as the metal biopsy needle, surgical drill and
F electrode as described by Cantwell et al. [23].

We used various commercially available RF—systems for RF
blation of OO. Of course, the groups for the different RF systems
re too small for statistical analysis; however, we could not detect
ny differences in our series regarding the outcome, RF time, overall
rocedure time and complication rate after treatment. Therefore we
ssume that the all systems employed allow for tissue devascular-
zation and reliable coagulation of the nidus. The clinical success
ates for monopolar, bipolar and laser induced thermal therapy
LITT) reported in literature range between 92% and 95% [7,8,18]
nd comparable results are published for the different monopolar
ystems [24,25]. Obviously, neither the electrode (deployable vs.
eedle shaped) nor the system (monopolar vs. bipolar, RF vs. LITT)
as any impact on the patients outcome.

An advantage of RF ablation over other treatment modalities
s the lower costs of the procedure. Lindner et al. [26] compared
he costs by adding procedural costs, costs for hospitalisation and
reatment of complications in 91 patients treated with different

ethods. Even though they did not include the social costs for
nactivity and disability they found RF ablation with a total cost of
6583 the least expensive method compared to en-bloc resection,
arginal resection, intra-lesional curettage and CT guided drilling
ith additional costs of $7243, $4274, $4409 and $2006, respec-

ively.

. Conclusion

Thermal ablation is a minimally invasive treatment option for
atients suffering from OO which provides excellent immediate
linical results at a low complication and relapse rate. Patients with
relapse should be treated with a second RF ablation rather than
ith surgical resection. RFA reduces the hospital stay and rehabili-

ation period of the patient and is more cost effective than any other
herapy. The results achieved are not dependent on the generator
r system used for heating and a biopsy prior to the treatment is

ot mandatory if confident diagnosis can be made based on clin-

cal symptoms and imaging findings. Therefore, surgical resection
hould only be performed in the rare cases in which the lesion is
naccessible by a percutaneous approach or in patients with more
han one relapse after RFA.

[
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