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ABSTRACT
Introduction: Microwave ablation (MWA) utilizes electromagnetic methods to destroy tumors, 
employing devices operating at 900 MHz or above frequencies. MWA has emerged as a recent 
alternative for treating osteoid osteoma (OO), providing similar accessibility, safety, and technical 
effectiveness as radiofrequency ablation. This systematic review aims to evaluate the safety and 
efficacy of MWA in treating OO. Methods: A systematic review of published studies on the use of 
MWA in managing OO was conducted. Studies were excluded if they were 1) not written in 
English, 2) case reports, 3) lacked adequate peer review, or 4) consisted solely of abstracts. Before 
full-text assessment, titles, and abstracts were screened. Extracted data included author, year, 
study design, patient count, age, gender, OO site, ablation power (watts), duration, complications, 
outcome, and recurrence. The data were analyzed and presented as means, frequencies, and 
percentages. Results: Eight studies, including 143 cases, met the inclusion criteria; among these 
cases, 59.44% were male, and the mean age was 19.03 ± 7.09. Most of the OOs were in the femur, 
54.54%. MWA at 60 W was the prevailing power setting, utilized in 37 cases (25.87%), with an 
ablation time of 90 s for 95 cases (66.43%). Clinical success was achieved in 137 (95.80%) cases, 
with recurrence observed in 4 cases (2.80%). However, 16 minor and major complications were 
observed despite the overall success. Conclusion: Percutaneous MWA may represent an efficient 
choice for the minimally invasive management of OO, demonstrating a minimal risk of 
complications and recurrence.

1.  Introduction

Tumor ablation involves the direct application of chem-
ical or thermal treatments to a tumor to either eradicate 
it or cause substantial destruction. This principle has 
been established for over a century [1]. Several ablation 
techniques, including cryoablation, ethanol ablation, 
laser ablation, and radiofrequency ablation (RFA), have 
been used. A recent advancement in this field is the use 
of microwave energy for tumor ablation [2].

Microwave ablation (MWA) involves utilizing electro-
magnetic techniques to induce tumor destruction 
using devices operating at frequencies of 900 MHz or 
higher [2]. It was initially used in the liver for hepato-
cellular carcinoma. However, in treating osteoid 

osteoma (OO), it has emerged as a recent therapeutic 
alternative that offers comparable accessibility, safety, 
and technical efficacy to RFA [3].

OOs are benign growths that frequently cause dis-
comfort. Benign tumors are localized, non-cancerous 
growths that do not invade surrounding tissues. The 
OO was first described by Jaffe in 1935 [4]. They are 
ranked as the third most prevalent non-cancerous 
bone tumor; these typically small (less than 1.5 cm) 
solitary growths are known for causing intense night-
time pain, which can be alleviated by nonsteroidal 
anti-inflammatory drugs (NSAIDs) [5,6]. The tumor con-
sists of three concentric regions: the innermost nidus, 
a neoplastic meshwork comprising osteoblasts, dilated 
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vessels, and osteoid; a middle fibrovascular rim; and 
outermost reactive sclerosis. The primary cause of pain 
stems from the release of prostaglandins by the 
nidus [7].

Typically, OOs represent about 13.5% of benign 
bone tumors. They predominantly affect males in their 
third decade of life, with a male-to-female ratio of 4:1. 
They are commonly found in the long bones of the 
lower extremities; other frequent locations include the 
hands, feet, and spine [8].

For many years, surgery was the conventional treat-
ment for such lesions. The introduction of RFA was 
first reported in 1989, with initial results published in 
1992. Today, this minimally invasive procedure is 
widely accessible, safe, and efficient [9]. Using the 
same technique and coaxial introduction systems, 
microwave antennas can be inserted instead of radiof-
requency needles [10].

This systematic review aims to evaluate the safety 
and effectiveness of MWA in treating OO.

2.  Method

2.1.  Study design

The current systematic review followed the protocols 
outlined in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines.

2.2.  Data sources and search strategy

A comprehensive search was performed on ‘Google 
Scholar’ and ‘PubMed’ to identify all pertinent 
English-language studies regarding the application of 
MWA in managing OO. The keywords used were 
‘microwave ablation OR therapy osteoid osteoma’.

2.3.  Eligibility criteria

All studies on utilizing MWA in OOs were included, 
except for those that 1) were not in English, 2) consti-
tuted case reports, 3) lacked appropriate peer review, 
or 4) were solely abstracts. All included studies under-
went eligibility verification [11].

2.4.  Study selection and data extraction

Before a thorough full-text assessment for eligibility, 
the titles and abstracts of the included studies were 
initially screened. Various data were extracted from the 
included studies, such as author, year of publication, 
study design, number of patients, age, gender, site of 
the OOs, the power setting of the ablation in watts, 

duration of the ablation, complications, outcome, and 
recurrence.

2.5.  Statistical analyses

The gathered data underwent analysis using Statistical 
Package for the Social Sciences software version 25.0 
and were subsequently depicted in mean, frequency, 
and percentages.

3.  Results

A total of 37 studies were identified from the sources, 
with nine excluded immediately due to duplication, 
non-English language, or being limited to abstracts. An 
initial screening of the remaining 28 studies based on 
titles and abstracts resulted in the exclusion of 14 
studies deemed ineligible. Consequently, 14 studies 
underwent full-text review, of which five were excluded 
due to being case reports or lacking retrievable data. 
The remaining nine studies were assessed for eligibil-
ity, with one further excluded due to an inappropriate 
peer review process. Ultimately, eight studies [3–5,10, 
13–16], encompassing 143 cases, met the inclusion cri-
teria (Figure 1). Among these cases, 85 (59.44%) were 
male, while 58 (40.56%) were female. The mean age 
was 19.03 ± 7.09 years (Table 1). Most OOs were in the 
femur, accounting for 78 cases (54.54%). General anes-
thesia emerged as the preferred choice of analgesia, 
administered in 108 cases (75.52%). Fluoroscopy CT 
guidance was utilized in 80 cases (55.94%). MWA at 
60 W was used in 37 cases (25.87%), with an ablation 
time of 90 s in 95 cases (66.43%). Clinical success was 
achieved in 137 cases (95.80%), while recurrence 
occurred in 4 cases (2.80%). Sixteen complications 
(11.19%) were observed, including 13 minor and three 
major complications. The most common minor compli-
cations were grade two skin burns and localized skin 
numbness, each affecting four patients (2.80%). For 
the major complications, grade three skin burns were 
reported in two patients (1.40%), and osteomyelitis 
occurred in one patient (0.70%) (Table 2).

4.  Discussion

Pain represents the primary and consistent complaint 
associated with OOs, with its characteristics varying 
based on the tumor’s location. Typically, OO pain is 
localized, persistent, particularly prominent at night, 
and alleviated by aspirin or other NSAIDs [16]. 
Unfortunately, the tumor is not always detected 
promptly, often due to factors such as the mechanism 
of pain and the tumor’s positioning, leading to delays 
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Figure 1. T he PRISMA flow chart illustrates the process of study selection.

Table 1. T he raw data of the included studies..

Author, year (Reference)
Study 
design

Case 
No.

Gender Age 
(mean 
years)

Type of anesthesia MWA 
power 
(Watt)

Time 
Sec. 

(mean)

Outcome Complication Recurrence

Male Female GA SA LA SE N/A Effective Non-E yes No Yes No

Parisot et  al. 2022 [3] cohort 28 18 10 19.5 21 1 6 0 0 60 90 26 2 3 25 2 26
Özbalci et  al. 2022 [4] cohort 23 10 13 16.22 23 0 0 0 0 30 to 

50
90 23 0 3 20 0 23

Rinzle et  al. 2018 [5] cohort 24 15 9 13.3 24 0 0 0 0 30 90 24 0 4 20 0 24
Basile et  al. 2014 [10] case series 7 4 3 21.28 0 7 0 0 0 20 120 7 0 0 7 0 7
Kostrzewa et  al., 

2019 [13]
cohort 24 16 8 27.95 24 0 0 0 0 16 64.79 21 3 0 24 1 23

Prud’homme et  al. 
2016 [14]

case series 13 10 3 20.69 7 1 5 0 0 50 and 
60

100 13 0 2 11 0 13

Reis et  al. 2020 [15] cohort 15 8 7 17.6 0 0 0 15 0 30 to 
50

90 14 1 2 13 1 14

Yildirim et  al. 2022 
[16]

cohort 9 4 5 14.55 9 0 0 0 0 15 N/A 9 0 0 9 0 9

GA: general anesthesia; SA: spinal anesthesia; LA: local anesthesia; SE: sedation; N/A: not available; Non-E: non-effective.
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in diagnosis and treatment. Regardless of its location, 
OO-induced pain stems from two key factors: nerve 
endings within the cancer and the elevated levels of 
prostaglandins in the nidus. These trigger an 

inflammatory response that accounts for the respon-
siveness to NSAIDs [16].

In more than half of the instances, OOs are located 
at the core of the diaphysis of the femur or tibia. Less 

Table 2. S ummary outlining the fundamental characteristics of the studies that were included.
Variables Frequency/percentage

Age (mean of means) ± SD 19.03 ± 7.09
Gender
    Female 58 (40.56%)
    Male 85 (59.44%)
Site of osteoid osteoma
    Femur 78 (54.54%)
  T  ibia 38 (26.57%)
  T  alus 5 (3.49%)
    Fibula 4 (2.80%)
  S  capula 4 (2.80%)
    Humerus 3 (2.10%)
  L  esser trocanter 2 (1.40%)
    Radius 2 (1.40%)
  A  cetabulum 1 (0.70%)
    Calcaneus 1 (0.70%)
  N  avicular bone 1 (0.70%)
    Fourth dorsal rib 1 (0.70%)
    Right 4th metatarsal bone base 1 (0.70%)
  N  /A 2 (1.40%)
Type of anesthesia
  G  eneral anesthesia 108 (75.52%)
  S  pinal anesthesia 9 (6.29%)
  L  ocal anesthesia 11 (7.69%)
  O  nly sedation 15 (10.48%)
Imaging guidance
    Fluoroscopy CT-guidance 80 (55.94%)
    CT-scan 54 (37.76%)
    C-arm fluoroscopy 9 (6.29%)
Power of microwave ablation
  U  nspecified 38 (26.57%)
    60 W 37 (25.87%)
    16 W 24 (16.78%)
    30 W 24 (16.78%)
    15 W 9 (6.29%)
    50 W 4 (2.80%)
    20 W 7 (4.90%)
Ablation time
    90 s 95 (66.43%)
    60 s 24 (16.78%)
    120 s 11 (7.69%)
    30 s 1 (0.70%)
    45 s 1 (0.70%)
    160 s 1 (0.70%)
    250 s 1 (0.70%)
  N  /A 9 (6.29%)
Efficacy
  E  ffective 137 (95.80%)
  I  neffective 6 (4.19%)
Complications*
  Minor complications
  G  rade 2 skin burn 4 (2.80%)
  L  ocal skin numbness 4 (2.80%)
  S  uperficial and partial radial nerve injury 2 (1.40%)
    Bone marrow edema 1 (0.70%)
  I  nfection at the access site 1 (0.70%)
    Mild femoral neurapraxia 1 (0.70%)
  Major complications
  G  rade 3 skin burn 2 (1.40%)
  O  steomyelitis 1 (0.70%)
 N o complications 129 (90.21%)
Recurrence
  N  o 139 (97.20%)
  Y  es 4 (2.80%)

W: watt; N/A: not available.
*Some of the patients had more than one complication.
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frequently, they appear in the axial skeleton and have 
even been documented in the cortical bone of the 
external auditory canal [12]. They are more prevalent 
in males than females, and while 75% arise between 
the ages of 5 and 25, they can manifest in the mature 
skeleton up to 70. [12]. In this study, 54.54% of the 
OOs were situated in the femur, followed by 26.57% 
in the tibia. The average age of the patients was 
19.03 ± 7.09.

Computed tomography (CT) is typically the pre-
ferred imaging method for diagnosing OO [17]. 
However, radiation-free imaging modalities are neces-
sary due to radiation dose considerations, especially in 
young patients. Several studies have demonstrated 
that high-resolution T1-weighted dynamic contrast- 
enhanced magnetic resonance imaging (DCE-MRI) can 
also effectively aid in diagnosing OO [17].

While surgery remains the conventional treatment 
for OO, it involves longer operating times, extended 
hospital stays, and higher costs. Moreover, the overall 
recovery period is significantly prolonged, accompanied 
by a notable incidence of morbidity and complications 
such as fracture, infection, and hematoma, with rates 
ranging from 20% to 45% [15]. Thermal ablation has 
emerged as the preferred initial treatment approach for 
OO, encompassing various modalities such as RFA, 
MWA, and laser ablation [7]. MWA is gaining traction as 
the treatment option for OO due to its favorable effi-
cacy and safety profile. In MWA, percutaneous micro-
wave antennae are positioned under CT guidance to 
administer high-energy alternating electromagnetic 
waves, producing frictional heat and achieving peak 
temperatures up to 150 °C [7].

MWA induces cell death via coagulative necrosis by 
raising intratumoral temperatures through the agita-
tion of water molecules due to exposure to an electro-
magnetic field. This unique mechanism enables 
microwaves to penetrate deeper and heat tissues more 
effectively, leading to greater areas of tissue ablation 
as they are less hindered by impedance [9]. The key 
distinction between MWA and RFA lies in their heating 
mechanisms. MWA functions by exciting water mole-
cules within the range of the microwave field, thereby 
heating the tissue. In contrast, RFA only penetrates a 
few millimeters into the surrounding tissue, with heat 
primarily spreading through it via conduction [18]. 
Common issues linked with RFA include the charring 
of the needle tip when power application decreases 
and ablation times extend, the creation of an uneven 
ablation volume, and the heat-sink effect [8]. A sys-
tematic literature review on RFA revealed an average 
ablation duration of 6.8 min for treating OO [19]. 
Although the literature describing ablation time in 

MWA for OOs is more limited, a range of 1–3 min has 
been reported [4]. Parisot et  al. retrospectively ana-
lyzed 28 consecutive patients with a median age of 
19.5 years who underwent treatment for 28 non-spinal 
osteoid osteomas using CT-guided MWA. The proce-
dures utilized a median power of 60 watts and a 
median duration of 1 min and 30 s [3]. In the current 
study, a power setting of 60 W was the most frequently 
used for MWA, with an average ablation time of about 
1.5 min. The majority of procedures (95.63%) had a 
duration of 90 s. Additionally, fluoroscopy CT guidance 
was employed in 55.94% of cases.

One major concern with MWA is the potential for 
uneven heat distribution, which can cause overheating 
and unintended thermal damage to surrounding 
healthy tissues. The complexity of MWA systems may 
lead to inconsistent outcomes. Furthermore, the risk of 
probe overheating remains, as excessive heat can 
damage tissues along the probe’s path [20]. Additionally, 
while the heat-sink effect is more commonly associ-
ated with RFA, it can also affect MWA by allowing 
blood flow from nearby vessels to dissipate heat from 
the target lesion, potentially resulting in inadequate 
tumor treatment. Understanding these risks is crucial 
for clinicians to optimize the benefits of MWA while 
minimizing complications. These factors underscore 
the importance of careful planning and technique 
adjustments during MWA procedures to ensure effec-
tive tumor destruction while protecting adjacent struc-
tures [20].

RFA has proven to be a highly effective and safe 
treatment for osteoid osteomas, particularly when per-
formed under CT guidance. In a study of 116 patients, 
Sahin et  al. reported a 100% technical success rate and 
a 98% efficacy rate, with most patients experiencing 
significant pain relief within 24 h of the procedure. The 
complication rate was low, with only seven minor 
complications, all managed conservatively [21]. 
Similarly, Çakar et  al. found that RFA provided com-
plete pain relief in all treated patients, with no signifi-
cant complications during follow-up, highlighting its 
safety and efficacy as a minimally invasive alternative 
to surgery [22]. RFA has also demonstrated excellent 
results in recurrent cases, achieving a success rate of 
96.6% after one or two sessions, further emphasizing 
its reliability [23]. Additionally, Rosenthal et  al. evalu-
ated 263 patients treated with RFA for osteoid osteo-
mas and reported a clinical success rate of 91%, with 
only two complications directly related to the proce-
dure [24]. Donkol and colleagues similarly observed a 
91% efficacy rate in pediatric patients treated with a 
single session of RFA, confirming its effectiveness in 
this population [25].
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MWA has also shown promising outcomes. Rinzler 
et  al. documented a 100% success rate employing 
MWA in 24 pediatric patients with OO [4]. However, in 
a retrospective study, Reis and colleagues observed an 
83% clinical success rate with RFA and a 100% success 
rate with MWA. They found no notable variance in 
complications or recurrence between the two treat-
ment modalities after more than 12 months [14]. The 
current study revealed a clinical success rate of approx-
imately 96%, alongside a recurrence rate as low as 
2.8%. These results further reinforce the efficacy of 
MWA in managing OO, with outcomes that are com-
petitive with those reported for RFA. The low recur-
rence rate and high clinical success observed in this 
study suggest that MWA could serve as a reliable 
treatment option, particularly in cases where tradi-
tional RFA might pose challenges or limitations.

In cases of OO treated with MWA, potential compli-
cations include skin burns, sensory nerve injuries, and 
superficial infections at the probe insertion site [3]. 
Parisot et al. reported three minor complications, includ-
ing a mild, reversible superficial radial nerve injury with 
a grade 2 skin burn in one patient and moderate skin 
burns in two others [3]. On the other hand, Özbalci 
et  al. observed no skin burn complications in their 
series, with the only significant complication being 
osteomyelitis in a 2-year-old patient [5]. In this study, 16 
complications were recorded, including 13 minor and 3 
major complications. The most frequent minor compli-
cations were grade 2 skin burns and localized skin 
numbness, each occurring in 4 cases (2.80%). Regarding 
the major complications, grade 3 skin burns were seen 
in 2 cases, and osteomyelitis was reported in 1 case.

Further studies comparing long-term outcomes 
between these modalities are warranted to solidify 
MWA’s role in the treatment landscape for OO. The lim-
itation of this review is the heterogeneity among the 
included studies, which may introduce biases in the 
assessment of the safety and efficacy of MWA for 
treating osteoid osteoma. Additionally, the lack of ran-
domized controlled trials limits the ability to draw 
definitive conclusions regarding the comparative effec-
tiveness of MWA versus other treatment modalities. 
The review highlights the need for more rigorous pro-
spective studies, including direct comparisons between 
MWA and RFA, to better understand the relative safety 
and efficacy of these treatments.

5.  Conclusion

Percutaneous MWA may represent an efficient choice 
for the minimally invasive management of OO, demon-
strating a minimal risk of complications and recurrence.
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