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Abstract
Purpose The aims of this work were to assess the feasibility
and efficacy of CT-guided microwave ablation (MWA) in the
treatment of osteoid osteomas (OOs).
Materials and methods Thirteen consecutive patients (range
11–31 years old) presenting with OO were prospectively in-
cluded and treated by CT-guided MWA. Power and duration
of MWAwere both recorded. The patient’s pain was assessed
using a numeric pain rating scale (NRS), and side effects were
recorded during procedures, after 1 day, 7 days and 1 month.
The nidus vascularization and the volume of necrosis induced
by MWA were assessed using contrast-enhanced MRI.
Success was defined as the complete relief of the patient’s pain
1 month after the first procedure, associated with necrosis of
the nidus on follow-up MRI.
Results The success rate was up to 92.3% (12/13). At 1 day,
7 days and 1 month, the median NRSs were respectively 5
[interquartile range (IQR) 2–5], 0 (IQR 0–1) and 0 (IQR 0–0).
Side effects observed were one partial and self-resolving le-
sion of a sensory branch of the radial nerve and two skin
burns. The median power of the MWA used was 60 W (IQR
50–60) with a 1.5-min duration (IQR 1–2), leading to MWA-
induced necrosis measuring on average 23 × 15 × 16 mm.

Conclusion CT-guided MWA of OO has a success rate that
appears to be almost similar to that of laser or radiofrequency
ablation, but care must be taken to prevent nerve or skin
lesions.
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Introduction

Osteoid osteoma (OO) is a benign osteoblastic tumor,
representing 2 to 3% of all bone tumors and approximately
13.5% of all benign bone tumors [1]. These small tumors
(usually of <1.5 cm diameter) have a minimal or non-
existant growth rate. Histologically, OO is composed of a
small hypervascular central nidus, surrounded by a fibrovas-
cular rim and a purely reactive sclerosis. It causes paroxysmal
nocturnal pain and produces high levels of prostaglandins,
especially PGE2 and PGI2 [2]. For this reason, this type of
tumor is typically sensitive to salicylates. It preferentially sits
on the shaft of a long bone and affects young patients (sex
ratio male/female = 2) aged between 10 and 30 years. Only
destruction of the nidus ensures a permanent cure.

A few decades ago, surgery was the standard therapy for
OO and was successful in 90% of all cases. However, there
were complications such as fractures due to too large a volume
of bone resection. Today, image-guided radiofrequency abla-
tion (RFA) is considered to be the new gold standard for the
treatment of OO. This minimally invasive procedure is widely
available, safe and effective [3–8], although the recurrence
rate after RFA has been reported to be from 5 to 10%
[8–11]. Its efficacy may be limited by high impedance inside
the OO [12]. Nonetheless, microwave ablation (MWA) pre-
sents specific advantages over RFA, namely lower sensitivity
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to variations in tissue composition, tissue carbonization and
bone impedance, with the result that MWA achieves higher
temperatures within the tumor more quickly [13]. Therefore,
MWAmay be used to avoid increased impedance, which may
limit the energy deposit during RFA in sclerotic bone lesions
[14–16].

To the best of our knowledge, only two pilot studies of
MWA for OO have previously been published, namely by
Kostrzewa et al. [17] and Basile et al. [18]. Basile et al. in-
cluded seven patients and only epiphyseal lesions located at
2 cm within the bone to avoid complications. Kostrzewa’s
study aimed to demonstrate the feasibility of MWA in the
treatment of OO located only on the lower limb in ten patients.

The current prospective pilot study was designed to assess
the feasibility and outcome of CT-guided percutaneous MWA
performed at a single institution in a consecutive series of
patients with OO located in the appendicular skeleton. The
objectives of this study were therefore (1) to briefly describe
the technique used, (2) to assess tolerance and (3) to evaluate
the short-term efficacy.

Materials and methods

This study was approved by the local Ethics Committee and
by the **blinded** Health Products Safety Agency. Written
informed consent was obtained from all adult patients. Written
informed consent was obtained from the subject’s parent or
guardian if the patient was a minor.

The inclusion criteria were:

– A painful bone lesion whose CT scan appearance was a
focal lucent nidus <2 cm in size, with or without a central
sclerotic dot, within surrounding sclerotic reactive bone,
consistent with an OO;

– Patients referred to our institution by their physician for
percutaneous thermoablation;

– Signature of the informed consent form stating that the
patient, or parent or guardian if the patient was a minor,
understood the aims of the study and the procedure.

Exclusion criteria were as follows:

– Spinal OO;
– Contraindication to percutaneous thermo-ablation, name-

ly coagulation disorders (prothrombin ratio <60%, aPTT
>60 s, platelet count <150,000/mm3);

– Pregnancy;
– Patients with no social security coverage.

Thirteen consecutive patients were included in the study,
and none were excluded, between July 2013 andMarch 2016:
Ten males and three females (sex ratio male/female = 3.33)

ranging from 11 to 31 years of age (median 21, IQR 17–23).
Pain lasted for 18months (IQR 12–24) and was scored 7 (IQR
6–7). The median nidus diameter was 5.7 mm (IQR 5–7). OO
was located in the femur (n = 6), tibia (n = 3), talus (n = 2),
radius (n = 1) and scapula (n = 1) (Table 1). In 10 out of 13
cases, the diagnosis of OO was histologically confirmed. In
the remaining three, histological analysis indicated non-
specific osteosclerosis.

All procedures were performed using a Siemens Sensation
64 CT scan (Siemens Healthcare, Erlangen, Germany) in the
prone or supine position depending on the position of the
lesion. Initially, patients could choose to undergoMWA under
local anesthesia or under general or epidural anesthesia. The
arguments in favor of local anesthesia were the good tolerance
of the technique as described by Kastler et al. [19] in MWA of
spinal metastatic bone tumors during MWA lasting up to
8 min. Patients were informed that they would feel some pain
that might be intense for a relatively short time (1.5 to 2 min).
This might seem bearable and would avoid the potential side
effects of general anesthesia or an epidural. Accordingly, the
first five patients chose to undergo thermoablation under local
anesthesia. In those cases, 1 g of acetaminophen
(Rotexmedica®, Trittau, Germany) was injected intravenous-
ly in addition to an equimolar mixture of oxygen-nitrous oxide
(EMONO) inhaled through a mask (9–12 l/min, patient-con-
trolled, Kalinox®, Air Liquide Sante International, Paris,
France). In these patients, the pain felt during the initial step
of biopsy and/or the heating step was widely variable, unpre-
dictable and, in some cases, unbearable. It caused some pa-
tients to move, disturbing the operator. Thus, a protocol
amendment was implemented to perform the eight subsequent
procedures under general (7 patients) or epidural anesthesia (1
patient). The choice between those two methods was made by
consensus between the patients and the anesthesist during a
dedicated pre-anesthetic consultation.

The target lesion and needle path were located through
non-enhanced helical CTacquisitions (Fig. 1a). After accurate
marking of the skin and in strictly aseptic conditions, local
subcutaneous injection of lidocaine 1% (Xylocaine®,
Abbott, Chicago, IL, USA) was performed at the defined skin
entry point. When the procedure was performed under local
anesthesia, a 22-gauge needle was introduced step by step
under CT fluoroscopy, and lidocaine anesthesia was per-
formed through the pathway, from the entry point to perioste-
um. The bone was perforated using an 11-G bone trocar (in-
cluded in a t’CDII Kit, Thiebaud®, Margencel, France).
Coaxial biopsy was performed with a 13-G trephine bone
marrow biopsy needle (also included in the t’CDII Kit,
Thiebaud®, Margencel, France) (Fig. 1b). When the proce-
dure was performed under local anesthesia, lidocaine hydro-
chloride (1%, 1 cc) was slowly injected in the path of the
biopsy through the bone trocar. The thermoablation antenna
(in 12 cases an Acculis® Generator, Angiodynamics, Latham,
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NY, USA, and in one case an AMICA® generator, Ablatech,
Toulouse, France) was coaxially introduced into the trocar.
The bone trocar was then partially removed (2 cm) to avoid
contact between the active tip of the MWA probe and the
trocar (Fig. 1c). MWAwas then performed, adapting the pow-
er settings and ablation time to the size of the lesions and, in

the absence of recommendations from the constructor, based
on our 2-year experience in the treatment of bone and soft
tumors by MWA. Adjunct maneuvers were used to protect
non-target anatomy, such as the skin: hence, saline solution
was injected under the skin to pull it back from the bone when
the hypodermis was too thin. Full weight-bearing was allowed

Table 1 Detailed results concerning the location of 13 consecutively included osteoid osteomas, symptom duration before the procedure, power and
duration of MWA, size of MWA-induced necrosis and peripheral scar, success and numeric pain rating scale (NRS) scores before, during the procedure
(D0) and after 1 day (D1), 7 days (D7) and 1 month (M1)

Pat.
no.

Age
(years old)

Location Symptom duration before
procedure (months)

MWA
(Watt, min)

Length, width, thickness
of necrosis (mm)

Thickness of
peripheral scar (mm)

Success NRS (before, D0,
D1, D7, M1)

1 20 Femur 24 60 W, 2 min 23, 12, 14 3 Yes 9, 0, 0, 0, 0

2 19 Tibia 18 60 W, 2 min 24, 18, 19 3 Yes 7, 0, 7, 0, 0

3 21 Radius 24 50 W, 1 min 17, 9, 9 1.5 Yes 6, 9, 6, 1, 0

4 28 Talus 18 60 W, 1 min 20, 15, 16 3 Yes 7, 6, 5, 0, 0

5 21 Talus 18 50 W, 1 min 14, 7, 8 2.5 No 8, 10, 5, 6, 6

6 31 Scapula 12 50 W, 1 min 27, 20, 19 2 Yes 5, 5, 5, 0, 0

7 21 Femur 24 50 W, 2 min 22, 16, 18 2.5 Yes 4, 0, 0, 0, 0

8 11 Femur 9 60 W, 2.5 min 26, 21, 23 2 Yes 7, 1, 2, 0, 0

9 15 Tibia 12 60 W, 1.5 min 24, 14, 15 3.5 Yes 4, 0, 0, 0, 0

10 16 Femur 24 60 W, 1.5 min 24, 17, 20 3.5 Yes 7, 1, 2, 0, 0

11 26 Femur 21 60 W, 1.5 min 22, 17, 17 2 Yes 6, 0, 4, 0, 0

12 23 Tibia 24 60 W, 1.5 min 18, 14, 14 3 Yes 7, 0, 5, 3, 0

13 17 Femur 12 60 W, 1.5 min 23, 15, 15 2.5 Yes 7, 0, 6, 1, 0

Fig. 1 a Axial CT scan of a
subcortical osteoid osteoma. b
Coaxial biopsy of the nidus under
CT control. c Axial CT control
before MWA ablation. The active
tip of the microwave probe is
centered on the nidus. The bone
trocar was removed to the skin
(arrowhead) to avoid contact with
the active tip of the probe
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on the evening of the procedure, but sport and physical activ-
ities were contraindicated for a 1-month period.

Imaging follow-up and data recording

We used a numeric pain rating scale (NRS) to assess
the patient’s pain during a medical consultation (i.e.,
with the physician) at each timepoint during the study.
Patients were asked to make a rating corresponding to
the worst pain experienced over the past 24 h and to
circle the number that best represented their pain inten-
sity on an 11-point scale ranging from 0 to 10, where 0
corresponds to no pain and 10 corresponds to the worst
possible pain (Fig. 2).

The following data were recorded by the main investigator
(SA) for each patient:

& Patient and lesion characteristics assessed prior to the pro-
cedure: age, sex, lesion site and nidus size. The maximum
level of pain experienced by the patient during the month
prior to the procedure was assessed by NRS. The duration
of pain prior to the procedure (in months) was also
recorded.

& Start time and finish time of the procedure as well as the
duration and power of thermoablation.

& Tolerance was assessed by recording the maximal rating
(out of 10) on an NRS during the procedure and recording
any adverse effects.

& Pain relief was assessed by NRS at 1 day, 7 days and
1 month after the procedure.

& The treated lesions were followed up at 1 month by
dynamic contrast-enhanced MRI (Siemens Aera 1.5T,
Erlangen, Germany). The protocol was adapted ac-
cording to the bone lesion site, but in all cases includ-
ed at least one T1-weighted sequence, one short tau
inversion recovery or fat-suppressed T2-weighted se-
quence, one dynamic contrast-enhanced 3D gradient-
echo T1-weighted sequence and one contrast-
enhanced fat-suppressed T1-weighted sequence. We
measured the length, width, thickness and volume of
microwave-induced necrosis and the thickness of the
high-signal surrounding microwave-induced necrosis,
and we checked for the absence of a contrast-
enhancing nidus (i.e., nidus necrosis) (Fig. 3).

& The distance between the probe and the nidus center was
measured on the CT images performed during the proce-
dure and checked on the follow-up MRI.

MWA success was defined as total pain relief associated
with necrosis of the nidus on the follow-up MRI.

Statistical analysis

After verifying coherence and data quality, descriptive analy-
sis was performed to analyze the effect of MWA. Qualitative
variables are expressed as number and percentage and quan-
titative variables as median and interquartile range (IQR). All
analyses were performed using SAS version 9.3 (SAS
Institute Inc., Cary, NC, USA).

Results

From the first puncture to antenna withdrawal, MWA proce-
dures were performed in a median time of 35 min (IQR 28–
44). Themedian power ofMWAusedwas 60W (IQR 50–60),
with a 1.5-min duration (IQR 1–2), leading to MWA-induced
necrosis measuring on average 23 × 15 × 16 mm (2.69 cm3),
surrounded by a 2.6-mm-thick high signal (IQR 2–3).
Detailed results of the size of the necrosis as a function of
power and duration are presented in Table 2. The distance
between the probe and the nidus was zero in all but two cases:
in the first case, a nidus of the talus was located 4 mm inferior
to the probe on the MRI, yet we believed that the needle
placement was accurate based on CT images performed dur-
ing the procedure. As the control images were 5 mm thick, this
error was due to a partial volume effect, associated with a
slight movement of the ankle during the procedure. In the
second case, the nidus was difficult to reach at the inferior
aspect of the femoral neck, and the center of the nidus was
3 mm posterior to the probe.

Median NRS during the procedures was 0 (IQR 0–6).
However, no pain was felt in the subgroup of patients treated
under general anesthesia or epidural anesthesia, whereas in the
subgroup of patients treated under local anesthesia combined
with EMONO, median NRS was 9 (IQR 6–9.8). Moreover,
the total duration of the procedures was shorter under general
or epidural anesthesia (median = 34.5 min) than under local
anesthesia (median = 44 min). Median NRS was 5 (IQR 2–5)
after 1 day and 0 (IQR 0–1) after 7 days. After 1 month, 12
patients experienced total pain relief, and 1 patient had an
NRS of 6, so that the median NRS for the whole sample
was 0 (IQR 0–0) (Fig. 4). The procedural failure was observed
in a 5.3-mm OO located in the talus and treated under local
anesthesia by MWA for 1 min at 50 W. The MRI follow-up

Fig. 2 A 0–10 numeric pain
rating scale used as a pain
assessment tool during the study
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revealed that the probe was 4 mm away from the center of the
nidus, that the nidus was located in the high-signal surround-
ing necrosis and that it was still contrast enhancing (Fig. 5). In
all other cases, the MWA-induced necrosis fully comprised
the OO. Consequently, the overall success rate was 92.3%
(12/13).

Some complications were observed. One patient, treated
for an OO located within the distal third of the left radius,
had a partial and self-resolving lesion of a sensory branch of
the radial nerve, as well as a moderate skin burn (grade 2) after
MWA treatment at 50 W for 1 min. Another patient had a
grade 3 skin burn after the treatment of a tibial OO (60 W
for 1 min 30) despite hydrodissection between the skin and the
anterior tibia. This resulted in a rate of 15.3% grade B com-
plications according to the SIR classification [20].

Discussion

OO causes paroxysmal nocturnal pain, typically sensitive to
salicylates. The time between the onset of pain and treatment
is typically long and is related to the non-specificity of symp-
toms, the latency between the onset of symptoms and the
appearance of the lesion on radiological studies, and the eval-
uation sequence used in some patients [21]. The mean dura-
tion between the onset of symptoms and CT identification of
an OO was estimated to be 26 months (range: 6–42 months)
[22], which is consistent with our observations (18 months).

Some authors assume that OOs heal spontaneously. In the
study by Kneisl, the authors concluded that long-term admin-
istration of non-steroidal antiinflammatory drugs can often be
as effective as surgical excision for the treatment of OO [23].
However, when pain persists for several months, image-
guided thermo-ablation is recommended. RFA is currently
the most widely used technique [9, 24], because it leads to
high pain reduction rates (up to 96%) and low recurrence rates
(around 7% after 2 years) [25, 26]. As suggested by the prom-
ising results of a few retrospective studies [27, 28], the poten-
tial benefits of MWA compared to RFA are its efficiency,
speed and safety.

Our study confirms the excellent curative potential of
MWA, with a success rate reaching 92.3%. This is similar to
some reports on RFA, whose reported primary success rate
has been reported at 78.2% [26], 91% [7] and 94% [8] de-
pending on the study. Recently, it appeared that RFA could
reach 100% efficacy [29] thanks to technical optimizations
such as the dual-cycle RFA technique [30]. It seems possi-
ble—and necessary—that MWA should also benefit from
technical improvements to achieve this objective.

Our results are consistent with two preliminary studies that
evaluated MWA in the treatment of OO [17, 18]. In the study
by Kostrzewa et al., all patients were pain-free within 1 week
after their intervention, and there were no recurrences during
the 6 months of follow-up. Similarly, in the study by Basile
et al., all patients experienced resolution of symptoms
(NRS <1 without medication) until their last follow-up, with

Fig. 3 a One-month MRI follow-up of a femoral osteoid osteoma. The
nidus is invisible. The length and height of the low-signal MWA-induced
necrosis were measured on this coronal image (white arrows). Moderate,
asymptomatic synovitis is visible (black arrowhead). b Anteroposterior

dimension of the necrosis was measured and a reformatted sagittal image
from a 3D gradient echo T1-weighted acquisition (white arrow). Necrosis
is surrounded by an enhancing high-signal peripheral scar (white
arrowhead)

Table 2 Mean size of MWA-
induced necrosis as a function of
power and time

1 min 1 min 30 2 min 2 min 30

50 W 19.3 × 12 × 12 mm

(n = 3)

22 × 16 × 18 mm

(n = 1)
60 W 20 × 15 × 16 mm

(n = 1)

22.2 × 15.4 × 16.2 mm

(n = 5)

23.5 × 15 × 16.5 mm

(n = 2)

26 × 21 × 23 mm

(n = 1)
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residual NRS <2 occurring only from 1 to 7 days after the
procedure. The high NRS value after 1 day (median NRS =
5) is influenced by post-procedure pain. We managed it with a
patient-controlled oral analgesia that associated grade 2 anal-
gesics with a nonsteroidal antiinflammatory drug for 3 days on
the pos topera t ive course fo l lowing MWA (two
acetaminophen-codeine 500 mg/30 mg and one ibuprofen

400 mg three times a day). The only failure in our series was
observed in one case of suboptimal treatment and was due to
several reasons. The patient was treated under local anesthetic
and inhalation of EMONO. The pain induced by the position-
ing of the probe and by the thermoablation itself was substan-
tial. Consequently, the power and duration of the MWA had to
be reduced. In addition, we noticed on control (Fig. 5) that the
probe was not accurately placed at the center of the nidus.
Patients who were treated under local anesthesia and inhala-
tion of EMONO had a grossly unsatisfactory experience be-
cause of the very high pain scores during the procedures (me-
dian NRS = 9 in that subgroup). Consequently, we recom-
mend epidural or general anesthesia for all cases. With ade-
quate anesthesia, patients felt no pain and did not move during
the procedures. This situation explains why the duration of our
procedures was shorter under general or epidural anesthesia.

For such a small group of patients, to have observed three
complications is not insignificant, even grade B events. The use
of adjunct maneuvers (subcutaneous CO2 pneumodissection or
hydrodissection), as previously described in cryoablation and
RFA [31, 32], might have prevented the occurrence of one skin
burn. However, in the other case, hydrodissection was not
enough because the length of the treated area was too long.
New thermoreversible hydrogel can also protect non-target tis-
sues adjacent to MWA, but they are not yet approved for clin-
ical use [33]. No side effects have been reported heretofore
because only epiphyseal OOs of long bones were selected in
one study [18], and in the other available study, lower power
(16W) and duration (60 s) were used [17]. As a precaution, we
recommend a margin of 1 cm between the ablation zone and
untargeted body elements such as nerves and skin. This is why

Fig. 4 Clinical follow-up of the
pain. Median (interquartile
range), minimum (Min) and
maximum (Max) numeric pain
rating scale (NRS) values before
and during (D0) MWA and at
1 day (D1), 7 days (D7) and
1 month (M1) after MWA

Fig. 5 One-month follow-upMRI of an osteoid osteoma of the talus. The
nidus (arrowhead) is located in the peripheral high signal scar under the
MWA-induced necrosis and is still enhanced. There is also a moderate
bone marrow edema around the residual osteoid osteoma
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we excluded spinal OO. In such particularly risky locations,
laser ablation may be used [34].

MWA allows temperatures to rise faster (up to 170 °) com-
pared to RFA because of fewer impedance limitations [13,
35]. The organs that seem most amenable to destruction by
microwaves are those that have a high permittivity difference
between tumors and surrounding tissues. Thus, treatment of
OO located in the appendicular skeleton can be achievedmore
quickly, even in sclerosing lesions. From the first puncture to
the withdrawal of the antenna, MWA can be done in approx-
imately half an hour. A fewminutes are saved as a result of the
short period of time that is needed for the treatment (1.5 min)
in comparison to the time required for RFA. Most authors
perform RFA by controlling the temperature, reaching 90° at
the forefront for 4–6 min [36]. Vanderschueren et al. stated
that the use of only one RF needle was the most important
independent parameter associated with an increased risk of
treatment failure [37]. However, multiple needle insertions
lead to an increase in procedural time and radiation exposure.
It results in a total duration of RFAvarying from 45 to 120min
[36].

Another consequence of the physical properties of MWA is
an increased homogeneous volume of thermal ablation com-
pared to RFA. In addition, it appears that the ablation regions
are more spherical [38] and have a single impact of micro-
waves, which achieve a transverse diameter of about 3.5 cm.
RFA techniques described for the treatment of OO include the
use of monopolar or bipolar RF electrodes and plasma-
mediated RF electrodes [39, 40]. Since the maximum diame-
ter of the lesion with a single uncooled electrode is 16 mm,
then the end of the probe must be positioned at the center of
the lesion. If the tumor grows more than 5 mm on each side of
the probe, a reset and a second treatment should be performed.
Theoretically, unlike with RFA,MWantennae and cryoprobes
do not need to be placed perfectly at the center of the nidus.
This could be helpful when lesions are not perfectly visible or
with lesions presenting thick osteosclerosis, which is difficult
to overcome. One of the advantages of microwave therapy is
that it offers, as does cryoablation, the possibility of cortical
crossing [41, 42], although in these cases, it becomes neces-
sary to increase the power and the duration of treatment to
extend the size of the area of treatment, with an increased risk
of damage to sensitive adjacent structures, such as the skin or
nerves. Given the size of the lesions treated in our study, our
aim was to limit the diameter of the necrotic area to 15 mm.
We observed that for a shorter processing time (1.5 min), the
area of necrosis induced by microwaves presented itself as
homogeneous and ovoid, and the peri-wound scar in high
signal appeared thin (<3 mm). However, for a short time and
low power, while the diameter of the treated area decreased, its
length remained at least 19 mm. Ideally, microwave probes
having a shorter active tip would be necessary to generate
small spherical ablation zones, as cryoablation does.

Since the necrosis induced by MWA is potentially large,
good knowledge of the size of the necrotic zone over time is
mandatory.We were able to establish a table tracing the size of
the necrotic zone over time, as a function of the initial duration
and power of ablation (Table 2). To the best of our knowledge,
given that there was no reliable CT monitoring of the necrotic
zone during the procedure, information of this sort is highly
useful as a guide for operators. The very high temperatures
achieved by MWA cause outgassing, so that the post-ablation
area on CT may contain several small gas bubbles of various
sizes that are distributed in the ablated tissue, creating a Bgas
cloud.^ These gas bubbles do not seem to be a precise marker,
because both under- and over-estimations of the true extent of
coagulation have been reported [43]. Furthermore, in our ex-
perience, we have never observed outgassing after MWA of
OO. The post-ablative hypo-attenuating area was found to
correlate with the volume of ablated liver tissue, but this has
never been assessed on ablated bone tissue [44]. Only MR
thermometry directly evaluates the extent of heat, which re-
quires performing MWA under MR control. Further data are
warranted from larger study populations, testing different
power and duration combinations with various commercially
available MWA systems.

Our study suffers from some limitations related to the small
size of our population, although it remains the largest prospec-
tive case series to date. Also, lesions of the axial skeleton were
excluded. In this rare localization, the use of thermocouples,
hydrodissection and carbodissection may prevent the occur-
rence of side effects so that the intervention can be envisaged.
However, we currently do not recommend using MWA in the
treatment of OO located in the neural arch. We only assessed
the short-term efficacy (1 month). It would be interesting to
obtain long-term follow-up beyond 6 months. Finally, we did
not evaluate the economic impact of MWA, which is currently
more expensive than RFA [respectively, approximately 700
euros (770 USD) versus 1300 euros (1430 USD) per probe].

Conclusion

CT-guided MWA is effective in the treatment of OO of the
appendicular skeleton and should always be performed under
general or epidural anesthesia, but this remains to be con-
firmed in longer term studies and with larger populations.
CT-guided MWA of OO has a success rate that appears to be
almost similar to that of laser or radiofrequency ablation, but
care must be taken to prevent nerve or skin lesions.
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