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Abstract

Purpose: Percutaneous radio-frequency ablation is a minimally invasive treatment option for osteoid osteomas. The ablation process
is straightforward in the more common locations like the femur/tibia. Surgery has historically been the gold standard, but is currently
used in lesions, that may not be effectively and safely ablated, i.e. close to skin/nerve. Radio-frequency ablation can still be used
in such cases along with additional techniques/strategies to protect the sensitive structures and hence improve the outcomes. The
authors describe their experience with four challenging osteoid osteoma ablation cases. Methods: We retrospectively reviewed
radio-frequency ablations of four osteoid osteomas in rather atypical locations, the protective techniques/strategies employed, the
adequacy and safety of the radio-frequency ablation with the use of these techniques. Results: All patients had complete resolution of
pain with no recurrence in the follow-up period. No complications were reported. Conclusion: RFA has been proven to be an effective
and safe option for treatment of OOs in the common locations. It is generally recommended to have a 1 cm safety margin between the
RF probe and any critical structures in the vicinity. However, with OOs in atypical locations this may not be always possible and hence
additional techniques may be needed to ensure protection of the surrounding sensitive structures and also allow for effective ablation.
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Introduction

An osteoid osteoma (OO) is a painful benign bony lesion,
with a male predominance, and usually occurs between
the ages of 10-30.1 It often presents with night-pain which
responds to salicylates or non-steroidal anti-inflammatory
drugs (NSAIDs).” In over 50% of the cases, they are located
in the diaphysis of the femur or tibia with the proximal
femur being the most frequently affected.”! Radio-frequency
ablation (RFA) of OOs in these locations has been extensively
described. There is scant literature for RFA of OOs in
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uncommon locations. The authors describe their experience
with RFA of OOs in four rather atypical locations and the
use of techniques to protect adjacent sensitive structures.

Methods

This was an Institutional Review Board approved
retrospective chart review study. We reviewed RFAs of four
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OOs in uncommon locations, with techniques to protect
critical structures, particularly, skin, nerves and cartilage
adjacent to the ablation zone. These patients were followed
up to assess relief from their symptoms, and possible
recurrence or complications [Table 1].

All patients were discussed in the multidisciplinary tumor
board and then referred to the interventional radiology
(IR) clinic. The severity of pain was assessed subjectively
using the visual analogue scale (VAS). Routine lab workup
included a complete blood count, comprehensive metabolic
panel, and coagulation profile.

All RFA procedures were performed under general
anesthesia in a Computed tomography (CT) suite by a
single interventional radiologist (IR) with seven years of
experience in performing these procedures. Antibiotic
prophylaxis was performed in all patients just prior
to the procedure. CT guidance was used to localize
the lesion, monitor needle advancement and confirm
final positioning of the RF probe. The On-control drill
(Teleflex Morrisville, NC) with its proprietary 11 Gauge (G)
needle was used to create a tract to the center of the nidus.
A biopsy was performed with a 13 G needle, in three of
the four cases [Table 1]. The 16-guage Cool-tip RF ablation
probe (Medtronic, Minneapolis, Minnesota) was advanced
through the 11 G needle and positioned with its tip at the
far margin of the nidus. Once the RF probe was in place
within the nidus, the outer needle was withdrawn by 1 cm
to prevent heat conduction along the shaft of the cannula.
Then, using a radio-frequency generator, the nidus was
ablated at 90°C for six minutes, based on the protocol used
in prior studies.! RF probes with capabilities to generate
different ablation sizes were used, as determined by the
size of the nidus, taking care to match or slightly oversize
the ablation zone in relation to the nidus.

Casel

20-year-old male with a 10-month history of insidious
right-hand pain and numbness, worse at night.
Radiographs and MRI demonstrated periosteal thickening
[Figure 1A and 1B] along the ulnar aspect of the 2™
metacarpal. CT showed a subtle 2 mm lucency within the
inner aspect of the cortex [Figure 1C] suggestive of the nidus.

The ablation was performed with the right hand in the
prone position. A 20 G needle was advanced under CT
guidance to the dorsal aspect of the metacarpal. The
surrounding tissue was then infiltrated with 30 mL of 5%
Dextrose in water (D5W) [Figure 1D]. Following this, RFA
was performed using the technique and protocol mentioned
above [Figure 1E]. A cold pack was placed on the skin to
prevent thermal injury.

Case 2
10-year-old male with right shoulder pain. CT showed a
6 mm OO in the glenoid [Figure 2A].

RFA was performed in the prone position with a posterior
approach [Figure 2B] through the infraspinatus muscle. A
20 G spinal needle was placed parallel to the ablation probe,
and D5W was infused during the ablation to protect the
suprascapular nerve [Figure 2C].

Case 3
23-year-old male who developed persistent left hip
pain after falling off a chair. MRI and Tc-99m bone scan

Figure 1 (A-E): (A) AP radiograph showing periosteal reaction on the
medial side of the 2" metacarpal. (B) Coronal PD fat saturated MRI
of the hand showing periosteal reaction on the ulnar side of the 2™
metacarpal (white arrow) with marrow edema (black star). (C) Axial non
contrast CT image of the hand demonstrating the nidus (white arrow).
(D) Axial CT of the hand with a 20 G needle (white arrow), placed on
the dorsal surface of the metacarpal for infusion of D5W while the
ablation is in progress to prevent skin burns. The infused fluid is seen
creating a buffer between the skin and the bone (white star). (E) Axial
CT demonstrating the RF probe in the OO nidus (white arrow)

Table 1: Patient Demographics, lesion distribution, nidus size, response to treatment, biopsy results and procedure time

1 23 M Femoral head 5
2 20 M 2" Metacarpal 2
3 10 M Glenoid 6
4 18 M Posterior distal femoral cortex 7

8/10 0/10 00 53 min
4/10 0/10 Not obtained 71 min
8/10 0/10 00 30 min
710 0/10 00 43 min
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Figure 2 (A-C): (A) CT coronal reconstruction shows a right glenoid
osteoid osteoma (white arrow). (B) Intra-procedural CT showing the
ablation probe with tip within the nidus (black arrow). (C) Intraprocedural
CT with a 20 G spinal needle placed in the spino-glenoid notch
(white arrow) to facilitate D5W injection during the ablation for protection
of the suprascapular nerve

demonstrated a 7 mm subchondral lesion suggestive of an
OO, in the left femoral head [Figure 3A and B].

RFA was performed in the supine position. An anterior/lateral
subchondral approach through the tensor fascia lata and the
rectus femoris muscles was used to avoid neurovascular or
cartilage injury [Figure 3C].

Case 4

18-year-old male with pain behind the knee for 1-2 years. CT
and MRI demonstrated a lesion highly suggestive of an OO
in the posterior cortex of the distal femur [Figure 4A and B].
This was ablated via a posterior approach with the patient
in the prone position [Figure 4C]. A 20 G needle was placed
medial to the RFA probe abutting the posterior cortex of the
femur and used to infuse D5W throughout the ablation to
protect the tibial and common peroneal nerves [Figure 4D].

This original article was completed under an institutional
review board approved protocol. The IRB number was
2004777. All procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional review board and with the
1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Results

The RFA was technically and clinically successful in 100%
of cases with resolution of symptoms in all patients (4/4).
The mean procedure time was 49 minutes. Furthermore, no

Figure 3 (A-C): (A) Coronal fat-sat PD MR of the left hip shows
a hypointense subchondral OO with adjacent marrow edema
(white arrow). (B) SPECT/CT shows focal uptake within the lesion
(black arrow). (C) Axial procedural CT showing the lateral approach for
the RFA avoiding the femoral head articular cartilage and neurovascular
bundle. RF probe in the nidus (black arrow)

complications, such as injury to the skin, nerves, or cartilage
were encountered. None of the cases recurred. Biopsies were
obtained in 3 of the 4 patients and was conclusive of OO.
The minimum clinical follow-up was 12 months (mean, 27.8
months; range, 12-37 months).

Discussion

OO, first described by Jaffe in 1935, is a benign osteoblastic
lesion characterized by a nidus of osteoid tissue. It
constitutes 10% of all benign bone tumors.®™ CT is the
initial cross-sectional imaging modality employed.
The classic radiological finding is a lucent area (nidus),
with dense and solid periosteal reaction.®! CT is more
effective than MRI for localization of tumors.!! MRI better
demonstrates OOs in cancellous bones, and the associated
soft tissue/intramedullary edema.

Treatment options for OOs include conservative
management, surgical excision, and percutaneous ablation
techniques.!”

Aspirin or other NSAIDs frequently provide effective pain
control, however, long-term therapy may be unacceptable
due to gastrointestinal complications. Articular or
periarticular OOs are particularly resistant to conservative
therapy, and more aggressive intervention is often
necessary."

In the past, conventional surgical excision and more
recently minimally invasive surgical techniques were the
treatment of choice for OOs refractory to conservative
treatment.?! Traditional surgical approach involves
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Figure 4 (A-D): (A) Fat suppressed sagittal MRI of the knee with
edema in the distal femur (black star). There is a hyperintense lesion
in the posterior cortex of the distal femur (white arrow) suggestive
of an OO nidus. (B) The margins of the nidus are better seen on the
CT (white arrow). (C) Ablation probe in the nidus (white arrow). (D) A
20 G needle (white arrow) is placed in the popliteal fossa adjacent to
the nidus and used to infuse D5W (white star) to protect the adjacent
nerves from thermal damage

curetting the nidus and allografting. However, this may
be associated with difficulty in intraoperative localization,
prolonged hospital stay, weakening of the bone during
post-operative remodeling, and longer downtime following
treatment.® RFA of OOs requires a small osseous access just
enough to allow insertion of the probe. Therefore, loss of
bone substance is minimal and the ablation does not cause
significant structural weakening.™

RFA utilizes a generator as a source of alternating current
and a probe to transmit the current into the target
lesion/tissue. The shaft of the probe is insulated, while its
tip is not. When high frequency alternating current from
the generator passes through the probe and into the tissue
to be ablated, it produces oscillation of ions in the vicinity.
This results in frictional heating of surrounding tissues and
ultimately coagulation necrosis."!

Rosenthal et al.'*! reported the efficacy of CT-guided
thermal ablation of OOs. Since then, there has been an
increasing shift towards ablation. RFA has been the most
commonly used ablation modality,”? however, interstitial
laser ablation,® cryotherapy,””! and microwave ablation!®!
have also been used.

RFA of OOs has been extensively reported in the past!'*#
with success rates approaching 100%. The key to successful
treatment of OOs is complete removal or destruction of

the tumor nidus. Recurrence rates for OOs after surgical
resection is 9-28%,! as opposed to 7-16% recurrence rates
after RFA.?*%1 However, the likelihood for recurrence
or incomplete removal is increased for OOs located in
anatomic areas that are technically difficult to access, such as
the acetabulum, femoral head and neck.?! Additionally, the
presence of sensitive structures adjacent to the ablation zone
may prevent the application of maximum power needed to
accomplish complete destruction of the nidus.

Very few papers have reported RFA of OOs in unusual
locations. Moreover, none of them have used techniques
to protect sensitive structures adjacent to the ablation
zone. However, Akhlaghpoor et al. reported limited skin
burns in a case of a phalangeal OO ablation.”®! This was
anticipated in our case of metacarpal OO ablation and
adequate skin protection was ensured by a D5W fluid
buffer in the subcutaneous tissues and placing a cold bag
of D5W on the skin.

Garge et al., reported radial nerve paralysis in their series
of OO ablations. We anticipated this complication while
ablating the OOs in the posterior femur and glenoid and
minimized the risk of nerve injury by infusing fluid through
the 20 G needles placed adjacent to the ablation zones in
both cases. Most patients with OO are of the younger age
group and any deficit from nerve injury could limit the
child’s future potential. Therefore, this should be of primary
focus of the operator performing the ablation.

The femoral head OO is unusual, as only a few cases have
been reported.™! Articular cartilage injury is possible
with this location and care should be taken not to traverse
the articular cartilage to reach the OO. The antero-lateral
approach was therefore used in the femoral head OO, to stay
away from the articular cartilage and neurovascular bundle.

Since RFA uses alternating current to induce tissue necrosis,
continuous infusion of ionic solutions, like normal saline,
with an intent to protect critical structures may actually
extend the electrical conductivity in these tissues, thus
potentially exposing them to thermal injury.”! Hence, we
used D5W infusion (which is nonionic) to protect critical
structures adjacent to the ablation zone.

The study is limited by its retrospective design, small
sample size and absence of control subjects who did not
get the protective techniques utilized in the study subjects.

Conclusion

RFA has been proven to be an effective and safe option for
treatment of OOs in the common locations. It is generally
recommended to have a 1 cm safety margin between the RF
probe and any critical structures in the vicinity. However,
with OOs in atypical locations, this may not be always
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possible and hence additional techniques may be needed
to ensure protection of the surrounding sensitive structures
and also allow for effective ablation.
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