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Objectives: Upon completion of this article, the reader will
be able to (1) identify common benign bone tumors and their
respective percutaneous treatment options; (2) discuss var-
ious ablation procedure techniques and current results for
the treatment of these lesions.

Benign bone tumors consist of a wide variety of mesench-
ymal neoplasms that generally do not metastasize to other
regions of the body, although they can still cause local
complications as they grow, potentially compressing healthy
bone or surrounding tissue. Historical management of
benign bone tumors has included surgical treatment for
lesion resection and possible mechanical stabilization. Since
the early 1990s, percutaneous ablation techniques have been
described for benign bone tumor management, initially for
osteoid osteomas.1 Percutaneous treatment for this indica-
tion is usually curative after a single treatment with very low
complication rate.2 This successful experience with radio-
frequency has resulted in other percutaneous image-guided
techniques being attempted with other benign bone tumor

types. In this article, we present the most common benign
bone tumors and describe the available results for the
percutaneous treatment of these lesions.

Osteoid Osteoma

Epidemiology, Imaging Findings
Osteoid osteomas represent 12% of all skeletal neoplasms.
They are small, painful bone tumors, usually measuring less
than 1.5 cm in diameter. They typically occur in young male
patients in the first or second decade of life. Patients often
present with pain, which is characteristically more pro-
nounced at night and relieved by nonsteroidal anti-inflamma-
tory drugs, especially acetylsalicylic acid.3

The most common location of osteoid osteomas is the
cortex of long bones with 50% of them found in the fibula or
tibia.4 Osteoid osteomas consist of a vascularized soft-tissue
nidus with variable central mineralization and also variable
surrounding bony reaction.5 Four types of osteoid osteomas
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Abstract Benign bone tumors consist of a wide variety of neoplasms that do not metastasize but
can still cause local complications. Historical management of these tumors has
included surgical treatment for lesion resection and possible mechanical stabilization.
Initial percutaneous ablation techniques were described for osteoid osteoma manage-
ment. The successful experience from these resulted in further percutaneous image-
guided techniques being attempted, and in other benign bone tumor types. In this
article, we present the most common benign bone tumors and describe the available
results for the percutaneous treatment of these lesions.
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have been described with specific characteristics: intracorti-
cal, with dense sclerosis around the nidus; periosteal, with
thick periosteal reaction; spongiosal, which produces very
little reactive bone; and subarticular, which induces arthritis
as it produces synovial reaction.4,5

The typical cortical osteoid osteoma appears as a
round or oval radiolucent nidus, which may be partially
mineralized, surrounded by thickened cortex or periosteal
reaction (►Fig. 1). Due to its hypervascular composition,
the nidus shows an increase in radiotracer activity on
technetium-99m methylene diphosphonate skeletal scin-
tigraphy and an early intense contrast enhancement on

magnetic resonance imaging (MRI) after gadolinium
administration.3

Treatment
Complete surgical excision of the nidus was considered for
years as the gold standard treatment for osteoid osteomas.
This treatment was effective for most of the patients but due
to potentially poor visualization of the tumor during open
surgery, there was a risk of local recurrence from mistarget-
ing the tumor.6

The development of computed tomography (CT) guidance
has helped in the minimally invasive treatment of this tumor

Fig. 1 A 32-year-old man with back pain caused by two osteoid osteomas of the right upper articular process of L1. Axial (a) and oblique
(b) unenhanced CT scan identifies two round dense niduses (white arrows) surrounded by thickened cortical reaction. Note the induced arthritis
of the adjacent joint. (c) axial fat-suppressed T1-weighted contrast-enhanced MR image demonstrates early intense contrast enhancement of
the two niduses (white arrows). (d) Axial prone per-procedure CT scan shows the position of a laser fiber in the nidus.
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by percutaneous bone drilling and resection. This surgical
technique allows “enbloc” tumor resection in a 1-cmdiameter
bone cylinder to obtain histopathological diagnosis and treat-
ment, but exposes thepatient totherisksof secondary fracture
due to bone weakening and local recurrence in case of more
than 1-cm large nidus.7

Percutaneous ablation of osteoid osteoma may be per-
formed using any thermal ablation techniques, either by
heating or freezing methods. Complications can be mini-
mized if the smallest possible volume of normal tissue is
damaged in the ablation by using controlled small-size
techniques.8 The small size of osteoid osteoma allows either
laser or radiofrequency ablation as suitable options. For
lesions up to 15 mm in maximal dimension, the use of one
laser fiber is sufficient to achieve successful ablation.2 In this
scenario, a 2-W continuous power laser is used for a mean
delivered energy of 1,271 Joules2 (the minimum targeted
delivered energy can be calculated according to the equation:
E (Joules) ¼ (nidus size in millimeters � 100) þ 200).9

Radiofrequency ablation is the most commonly used
technique for percutaneous osteoid osteoma ablation
and can be performed by using low-powered generators
(35–50 W) and simple straight electrodes with exposed tips
measuring between 5 and 8 mm. Electrodes producing a
larger ablation zone and which are designed for cancer
ablation (such as multi-tined or internally cooled electro-
des) are not recommended in this indication due to the
potential to cause more tissue damage than is required,
exposing the patient to greater risk of complication and
postoperative pain.8 However, the use of small ablation
zones requires precise electrode placement into the center
of the nidus when using only one application of energy,
although sometimes two or more electrode placements
might be necessary. Adequate image guidance is mandatory
to achieve sufficient precision for applicator placement and
intraprocedural ablation zone monitoring. CT, with or with-
out fluoroscopy, is the most commonly used imaging mod-
ality for osteoid osteoma ablations. CT provides quick
acquisition, thin slices, high-image resolution, and possibi-
lity for 3D reconstructions.10 Access of the nidus may be the
most challenging part of the procedure due to the hardness
of the cortical bone in children and young adults, frequently
aggravated by the local bony reaction and cortical thicken-
ing induced by the osteoid osteoma. In such cases, a bone
biopsy needle or a sturdy drill might be used to access the
nidus.

Laser photocoagulation and radiofrequency ablation
have similar success rates (range, 80–100%),11,12 and are
reference-standard treatments to achieve short-term pain
relief (within 2 weeks).2 Lasting freedom from symptoms
has been reported in 96% of patients.13 Lanza et al14 men-
tioned that in more than 1,700 patients treated percuta-
neously with either radiofrequency or laser ablation, the
registered success rate was 90 to 100%, the complication
rate was less than 2%, and the recurrence rate was approxi-
mately 5%. Most recurrences are seen relatively early
(within 6 months of treatment) and are most likely due
to incomplete ablation of the nidus.8,13

Osteoblastoma

Epidemiology, Imaging Findings
Osteoblastoma is a rare benign bone tumor accounting for
14% of all tumor tumors.4 It affects people mainly in
their second or third decade of life, also with a male
predilection (male:female ratio of 2.5:1).15 Osteoblastomas
are histologically similar to osteoid osteoma. But compared
with osteoid osteomas macroscopically, they are larger
(typically >2 cm in diameter) and expansile with less
sclerotic components, although they may have thin per-
ipheral sclerosis and they can be associated with aneur-
ysmal bone cyst (ABC). On MR imaging, they demonstrate
intense osseous and extraosseous enhancement.15

Although any bone can be involved, osteoblastoma arises
predominantly in the axial skeleton with spinal lesions
constituting one-third of reported cases.4 They often
involve the posterior elements and are in the cervical spine
in 10 to 40% of cases.

Treatment
The options for image-guided ablation techniques using CT
are similar to those used for osteoid osteoma. However,
given the larger size of osteoblastomas and especially with
the involvement of posterior elements and potential soft-
tissue components, cryoablation could also be considered as
a safer option, with simultaneous placement of multiple
probes and visualization of the ice ball to protect adjacent
neurovascular structures.10,15 Considering the large size of
osteoblastomas, if using laser ablation, simultaneous multi-
ple laser fibers may be necessary to achieve complete
ablation. When radiofrequency ablation is considered, mul-
tiple applications or the use of bipolar systems, cooled
electrodes, and longer ablation times may be needed to
cover the entire tumor. An intense inflammatory postabla-
tion reaction may occur following thermal ablation, and
nonsteroidal anti-inflammatory drugs (e.g., COX-2 inhibitor
therapy) may be administered to limit the immediate
posttreatment symptoms.10 Weber et al compared radio-
frequency ablation to surgery for the treatment of osteo-
blastomas.16 They reported a technical success rate of 95%,
with primary and secondary success rates of 89.5 and 100%
for radiofrequency ablation. All patients were pain free
1 month after the procedure, whereas a longer duration
(1–6 months) was needed after surgery to obtain a com-
plete pain relief.

Hemangioma

Epidemiology, Imaging Findings
Vertebral hemangiomas (VH) are benign vascular lesions
involving the spine with an incidence of 10 to 12%, usually
found in young adults, with a slight female predilection.17

Most VH are latent and do not require specific treat-
ment; only 1% of VH become symptomatic.18 Pain and
aggressiveness, by its extension into the spinal canal or
to the paravertebral space, are indications of a sympto-
matic VH.18
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Most of these lesions are asymptomatic and are seen as an
incidental finding during imaging exams.18 Their different
imaging findings are related to the histological composition
of VH: the amount of adipocytes, vessels, and interstitial
edema.15,18 Imaging findings for typical VH on radiographic
images are coarsened vertical trabeculae, represented by a
vertical striation and/or palisade pattern in the vertebral
body.19 CT images can demonstrate vertically oriented, sparse
vertebral trabeculaeseparatedby fatty tissue,with subsequent
typical hyperintensity on T1- and T2-weighted MRI.18,20 The
diagnosis of atypical or aggressive VHmay be difficult, as they
can mimic primary bone tumor or metastases. Aggressive VH
contain less fat and more vascular stroma, resulting in lower
signal intensity on T1-weighted MRI.19

Treatment
Numerous tumor ablation techniques have been described
including ethanol treatment, embolization, cryoablation,
vertebroplasty, radiotherapy, and radiosurgery.15,17,18,21

Surgical intervention is reserved for VH associated with
neurologic compromise and spinal instability, and radiation
therapy is used when immobilization fails to resolve neuro-
logic symptoms or for lesion progression after immobiliza-
tion.19,22 However, surgical intervention may be complicated
by profuse intraoperative bleeding and postoperative epidural
hematoma.19

Aggressive VHare now frequently treated successfullywith
vertebroplasty. This technique aims to percutaneously inject
cement (polymethylmethacrylate, PMMA) directly into the
lesion under fluoroscopic guidance. PMMA polymerization
causes irreversible sclerosis of the venous component of the
VHand reinforces thebone’smechanical stability, thus obtain-
ing an antalgic effect and preventing vertebral collapse.19

Guarnieri et al21 and Liu et al19 demonstrated, in their studies
of, respectively, 24 and 33 patients, the efficacy of vertebro-
plasty on pain control for all treated patients with aggressive
VH, without symptomatic complication. The main risk of
vertebroplasty for VH treatment is cement leakage. In this
indication, the incidence of cement leakage may increase due
to an anomalous intravertebral vascularization, wide high-
flow blood in dilated vascular channels, formation of venous
neoanastomosis, and with an incomplete vertebral cortex.19

Vertebroplasty achieves thrombosis of the VH and consolida-
tion of the vertebral body in a single procedure but is not
suitable to treat any potential extraosseous extension of VH,
which would require prior sclerotherapy.

Sclerotherapy is a percutaneous VH ablation technique
that causes necrosis directly through cellular dehydration,
and indirectly through vascular thrombosis and tissue ische-
mia (►Fig. 2).23 The venous drainage of the VH must be
carefully analyzed before sclerotherapy, particularly to iden-
tify the possible origin of the artery of Adamkiewicz or of any
other vascular anastomosis to the spinal cord vasculariza-
tion, whichwould then contraindicate this treatment.23,24 To
obtain a higher viscosity and to gain better control during
injection,weuse in our institution amixture of ethiodized oil
and alcoholic solution of zein. Sclerotherapy can result in an
intense acute inflammatory reaction that might worsen

compression on neurological structures in the first 3 days
after the treatment.25 To prevent neurological impairment,
high doses of intravenous corticosteroids should be admi-
nistered to the patient over 4 days of duration, starting the
day before sclerotherapy. Due to the opacity of the sclerosant
mixture, PMMA injection could not be injected safely during
the same procedure but might be performed in the 10 to 15
days after sclerotherapy. In our unpublished series of 61 VH
treated by sclerotherapy and vertebroplasty, in only one
patient (1.7%) did a major complication occur. The patient
presented 12 hours following sclerotherapy with a transient
medullary cord compression syndrome due to the intense
inflammatory response in the epidural component of an
aggressive VH of T9. Seven patients (11.5%) had minor
complications consisting of asymptomatic PMMA venous
leakage. We reached clinical success in 92.1 and 80%, respec-
tively, for aggressive VH type III and type IV.

Chondroblastoma

Epidemiology, Imaging Findings
Chondroblastomas are rare tumors accounting for approxi-
mately 1% of all benign bone lesions. They are more common
in male patients aged between 3 and 25 years. Most chon-
droblastomas occur in the epiphysis or apophysis of long
bones. They incite inflammatory changes in the surrounding
tissues, resulting in pain and decreased range of motion.26

Treatment
Theclassic treatment forchondroblastoma issurgical resection.
Becauseof its periarticular location, the risks of surgery include
injury to thearticular surfaceoradjacentunfusedgrowthplates
leading togrowthdisturbances, decreasedrangeofmotion, and
premature arthritis.26,27 Surgery is curative in most cases, but
recurrence rates of 10 to 35% have been reported in the
literature.28 Because of its small size and its frequent location
close to joint surface and growth plates, percutaneous radio-
frequency ablation is an alternative to surgery for treatment of
selected chondroblastomas. Radiofrequency of chondroblas-
toma has been described using multi-tined expandable radio-
frequency electrode29 and single-tip monopolar electrodes
with or without internally cooling system; with the number
of simultaneously used electrodes varied between 1 and 3.26,30

Most patients experience rapid pain relief on postprocedure
day 1,26 all patients had become symptomatically improved
within 1 week and symptom-free within 4 months.30 Compli-
cations are rare but consist in articular surface collapse,26

chondrolysis, and osteonecrosis.29 Reported recurrence rates
after radiofrequency ablation of chondroblastoma are 6 to
12%.26,29,30 Thus, larger lesions beneath weight-bearing sur-
faces should be approached with caution due to an increased
risk of articular collapse and recurrence.

Giant Cell Tumor of Bone

Epidemiology, Imaging Findings
Giant cell tumor (GCT) represents 20% of all benign bone
tumors and 5% of primary bone neoplasms.4 They typically
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appear between the ages of 20 and 40 and are often solitary
lesions located in long bones, predominantly around the
knees (50–65%).31 GCT is a locally aggressive, usually benign
(80%) neoplasia. However, recurrence after treatment may
occur in 20 to 50%, with 10% becoming malignant on recur-
rence.32 Patients often experience localized pain, joint effu-
sion, or pathological fracture of the affected bone.

A diagnosis of GCT is suggested by a lytic, eccentric lesion
involving a long bone in a skeletally mature patient.33 GCTs
arise on the metaphyseal side of the epiphyseal plate and
extend towithin 1 cm of subarticular bone.33GCT is typically
solitary and appears as a well-defined lytic lesion, with
nonsclerotic margins and eccentric growth patterns. Other
common features include cortical thinning or destruction,
expansile remodeling of the bone, and prominent trabecula-
tion.33 Soft-tissue extension is common at CT and MR
imaging. MR imaging of GCT frequently reveals a relatively
well-defined lesionwith a low-signal intensitymargin repre-
senting either osseous sclerosis or a pseudocapsule. The solid
components of GCT demonstrate low to intermediate signal
intensity on T1- and T2-weighted MR imaging. ABC compo-
nentswithin GCT are relatively common (14% of lesions), and
GCTwith prominent ABC elements may have a more aggres-

sive radiographic appearance, reflecting the expansile cystic
component.33

Treatment
Historically, curettage and bone grafting has been the treat-
ment of choice for GCT, although marginal resection is
associatedwith a high recurrence rate.Wide resection shows
a reduced recurrence rate. However, this treatment may
cause significant compromise of limb function, which may
be difficult to justify in the treatment of a benign lesion.33 To
decrease recurrence, combined surgical resection and open
cryotherapy of the cavity margin has been described in
combination with lumbopelvic surgical reconstruction.34

Systemic therapy with bisphosphonates or RANKL inhi-
bitors (i.e., denosumab) is reserved for patients with bad
prognostic factors and for the treatment of nonresectable
GCT.35 Radiotherapy is used in selected nonresectable cases
that are unresponsive to drugs used for systemic therapy.31

Percutaneous CT-guided cryoablation has been described
as an alternative treatment option for a case of GCT with
extensive pelvic bone involvement, including the acetabular
region.31 Due to the tumor location, encompassing the
obturator foramen, and its wide local extension, a radical

Fig. 2 A 35-year-old woman with upper back pain due to an aggressive vertebral hemangioma of Th5. (a) Axial unenhanced CT scan shows an
aggressive vertebral hemangioma of T5 with typical sparse and coarsened vertebral trabeculae. (b, c) Axial and sagittal fat-suppressed T1-
weighted contrast-enhanced MR images identify a large extraosseous and epidural component (white arrows) leading to a severe thoracic canal
stenosis. (d) Axial unenhanced intraprocedural CT scan shows the position of an 18-gauge needle in the vertebral body. (e) Axial intraprocedural
CT scan during a venogram identifies the extensive vascularity of the hemangioma inside the vertebra and the surrounding soft tissue (arrows).
(f) Postprocedure sagittal CT scan demonstrates cement filling the vertebral body.
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surgical approach was not an option. After 1 year of medical
treatment, denosumab stopped tumor growth, but therewas
no sign of local regression, leading to percutaneous cryoa-
blation indication. Complete necrosis of the lesion was
obtained after two procedures and the patient remains
recurrence free after 31 months.

Aneurysmal Bone Cyst

Epidemiology, Imaging Findings
Aneurysmal bone cyst is a rare benign cystic lesion, account-
ing for approximately 9% of all bone tumors.4 Connective
tissue septa divide the blood-filled cysts that contain amix of
osteoclasts, giant cells, and reactive woven bone. In 30% of
the cases, a predisposing lesion is identified, a finding that
might suggests that ABC is more a reactive process rather
than a distinct tumor type. GCT is the most common pre-
existing lesion.36ABC is an intraosseous lesion that can result
in a blowout distension of the bone.37 ABC is the most
common in young patients, between the first and second
decades of life. About 10 to 30% occur in the spine, while
other commonly affected sites are the femur, tibia, humerus,
and fibula.4,38

On radiographs, ABC appears as radiolucent lesions of
eccentric origin in the metaphysis of long bones. An erosion
of the cortex of the bone and an elevation of the periosteum
produce a characteristic “soap bubble” shape. CT imaging
helps in identifying the margins of the cysts. MRI allows
identification of the thin septa dividing the cyst, as well as
demonstrating fluid–fluid levels within the cyst.4,36

Treatment
Multiple treatment options for ABC have been described,
including surgical resection or curettage, with or without
bone grafting, and optional adjuvant therapies including
selective arterial embolization, denosumab administration,
and external beam radiotherapy.39–42

Percutaneous image-guided therapies consist of scler-
otherapy, bisphosphonate or doxycycline injections, cemen-
toplasty, and ablation. For sclerotherapy, a sclerosing agent
(e.g., alcohol of zein, hydroxy-polyethoxy-dodecane) is
injected directly inside the lesion. Reported complications
include pulmonary embolism, aseptic abscess formation, and
fistula formation.43,44 The injection of the sclerosing agent
might be associated with transient local and general inflam-
matory side effects. Similar efficacy and a lower complication
rate have been described with polidocanol sclerotherapy
compared with curettage resection.45 Repeated intracystic
injection with absolute alcohol shows good results with
fewer complications than other sclerosing agents.37 Intrale-
sional injection of doxycycline has been used with a good
response and a low recurrence rate (5%).46

Consolidation and ossification of the osseous part of ABC
might be achieved by cement or bisphosphonate injec-
tion.41,47 Consolidation using cementoplasty is indicated
for bones under compression stress.

When there is a surrounding soft-tissue involvement and
decompression is required, ablation techniques might be pre-

ferable to surgical resection. Cryoablation has been used for
extra osseous tumor size reduction in symptomatic ABC.
Although no large studies exist to evaluate the efficacy of
percutaneous thermal ablation for the treatment of ABC, post-
ablationtumor size reductionhasbeendemonstrated.38 In case
of large lesion, embolizationmight be used to reduce the riskof
hemorrhage and heat–sink effect prior to thermal ablation.48

Chondromyxoid Fibroma

Epidemiology, Imaging Findings
Chondromyxoid fibroma is a benign cartilaginous neoplasm
representing less than 1% of all bone tumors. Despite its
benign classification, it is a locally aggressive and painful
tumor.

The typical radiographic presentation of this tumor is an
eccentric and well-circumscribed lesion with a sclerotic
periphery, located in the metaphysis of long bones. The
most common locations are the proximal tibia, distal femur,
foot, and pelvis.49

Treatment
Treatment options for chondromyxoid fibroma are surgical
curettage (with and without bone grafting or PMMA filling)
and “en bloc” excision. High recurrence rates of 20 to 25%
have been described after the surgical treatments.50

Only one case of radiofrequency ablation for chondromyx-
oid fibroma has been reported.49 It was a 4-cm lesion of the
distalfibula successfully treatedusing a20-mmelectrodewith
water-cooled tip. Two successive 6-minute ablations were
performed after repositioning to cover the whole lesion. The
child was discharged at day 1 postprocedure and returned to
normaldailyactivitieswithout recurrenceofpain after1week.

Fibrous Dysplasia

Epidemiology, Imaging Findings
Fibrous dysplasia (FD) represents 5 to 7% among all benign
bone tumors, 75% of cases are monostotic. FD typically
affects patients in their third decade of life, commonly
involving craniofacial bones, ribs, femur, or tibia.4,51

FD consists of fibrous stroma with a cellular component,
containing abnormal fibroblast cells and osteoblasts, which
produce abnormally shaped trabeculae of woven bone.4

FD appears as an abnormal “ground-glass” opacity within
bone. Other features such as endosteal scalloping, bonyexpan-
sion, and a thick reactive bone “rind” may also be present.

Treatment
FD is usually treated conservatively, but medication such as
bisphosphonates, particularly pamidronate, may be effective
for painful FD52 and may also reduce the occurrence
of secondary fractures, and even induce a partial radio-
graphic resolution of lesions.53 It has been suggested that
other medical therapies such as denosumab and pregabalin
may be useful treatments for symptomatic FD.53,54

Surgery, consisting of curettage and autologous bone graft,
might be considered inpatientswith progressive symptomsor
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when important anatomical structures are threatened. Cor-
rective surgery (i.e., osteotomy or intramedullary fixation)
may be required in case of FD-induced deformity.51 After
surgery, reported recurrence rates are around 18%.55 Only
four cases of percutaneous treatment of FD have been
described, using cementoplasty mainly into the vertebral
bodies (►Fig. 3).56–59 In these cases, rapid pain relief was
achieved for all patients with no recurrence of the symptoms.

Enchondroma

Enchondroma represents 2.6% of all benign bone tumors. These
asymptomatic lesions may present at any age and consist of
hyaline cartilage in a lobular formation, typically in long tubular
bones, most commonly the hands and feet.4 Enchondromas do
not require treatment, unless they are symptomatic, increasing
in size, or there is a risk of pathological fracture. Treatment of

Fig. 3 A 28-year-old man with persistent back pain caused by fibrous dysplasia of the spinous process of T11. (a, b) Unenhanced sagittal
T1- and T2-weighted MR images demonstrate fibrous dysplasia of T11 as a hypo-T1 hyper-T2 lesion (white arrows) of the spinous process.
(c) Axial unenhanced CT scan of T11 shows endosteal scalloping, opaque ground-glass abnormal bone, and a peripheral thick reactive bone.
(d) Postprocedure CT scan demonstrates cement filling the lytic portion of the fibrous dysplasia.
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enchondromas consists of intralesional excision, followed by
filling with an autologous bone graft or synthetic filling.60

Only one study described the treatment of two intracor-
tical enchondromas, preoperatively misdiagnosed as osteoid
osteomas and treated with radiofrequency ablation. Radio-
frequency appears to have cured the tumor in one patient,
whereas the other required surgery.61,62

How to Do It

Percutaneous treatment of benign bone tumors should be
undertaken with a multidisciplinary approach, a preproce-
dural consultation, optimized image guidance, and appropri-
ate anesthesia.

In our institution, a patient’s case is discussed between
the interventional radiologist, the orthopaedic surgeon, and
the referring doctor (oncologist, rheumatologist, etc.) to
collaboratively choose the best treatment for each patient.

Preprocedural consultation with the patient is mandatory
to assess treatment indication and technique, and to explain to
the patient the benefits, risks, and potential related complica-
tions of the procedure. Alternative treatment options should
also be presented before collecting the written informed
consent of the patient. During this consultation, routine
clinical workup should include at least a neurologic examina-
tion, pain origin detection, and preprocedural laboratory
results with blood cell count, CRP, and coagulation tests.

There are many imaging modalities available for percuta-
neous treatment of bone lesion. CT, ultrasound, conventional
fluoroscopy, and MRI are currently used for different cases of
percutaneous musculoskeletal lesion access. CT is the most
commonly used modality for applicator placement and intra-
procedural ablation zone monitoring, because it can be
employed for nearly all bone locations in the axial and appen-
dicular skeleton demonstrating compatibility with multiple
devices. It provides quick images, thin slices, and high image
resolution. In case of oblique or off plane approach, it is
possible to use 3D reconstructions with or without combined
fluoroscopy.

Intraprocedural pain control during bone tumor ablation
most often requires sedation and analgesia. We use general
anesthesia for ablation procedure as often as possible to limit
patient discomfort during prolonged interventions, and to
avoid patientmovement during technically challenging abla-
tions. During the procedure, there is no difference between
radiofrequency and cryoablation in terms of analgesic
intake; however, a significant difference appears during
the first 24 hours postprocedure in favor of cryoablation.63

Conclusion

Minimally invasive percutaneous imaging-guided techni-
ques have been shown to be safe and effective for the
treatment of benign bone tumors. Percutaneous ablation of
some benign bone tumors such as osteoid osteomas has
supplanted surgical resection as standard care. With the
improvement of image guidance quality, the increase in
experience of interventional radiologists, and the develop-

ment of new ablative modalities, it is likely that the indica-
tions for percutaneous procedures will be extended to a
wider variety of benign bone lesion types.
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