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Abstract

Purpose Radiofrequency ablation technique for treatment of
OO including ablation time and temperature vary greatly
between and within reported studies. This study evaluates
the immediate and long-term efficacy and complication rate
of a two sequential RFA technique for OO.

Materials and methods We retrospectively reviewed medical
records and attempted interview follow-up for 25 patients
treated with RFA for OO. Each treatment included 2 consec-
utive RFAs at 90 °C for 6 min with inter-ablation cooling to
40 °C and occasional inter-ablation probe adjustment. Addi-
tionally, we statistically compared the proportion of successful
ablations using the DCRFA technique with published studies
that utilized alternative OO ablation procedures.

Results Long-term follow-up was obtained for 24 patients
(96 %). Mean patient age at DCRFA was 17.2 years (range,
2.2-50.0 years). Mean time to follow-up was 60+42 months
(range 12—152 months). No acute DCRFA-related complica-
tions nor long-term recurrences were reported. All 24
interviewed patients reported partial relief of pre-procedural
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pain within 1 day of DCRFA and total relief within 1 week of
DCRFA. One patient ultimately developed a major late com-
plication (complex regional pain syndrome of the left ankle)
after DCRFA of a cuboid lesion. Additionally, the DCRFA
success rate was significantly higher when compared to two
other published OO RFA treatment results.

Conclusion DCRFA employing two sequential 6-min cycles
is an effective treatment of OO. The 100 % primary success
rate, 0 % long-term recurrence rate, and low complication rate
compare favorably and may be superior to results of prior
reports.

Keywords Osteoma - Osteoid - Image-guided surgery -
Catheter ablation - Radiofrequency - Neoplasms -
Musculoskeletal pain

Abbreviations

RFA Radiofrequency ablation

00 Osteoid osteoma

DCRFA Dual-cycle radiofrequency ablation

Introduction

Percutaneous radiofrequency ablation (RFA) has largely
supplanted surgical resection as first-line therapy for osteoid
osteoma, a benign osseous neoplasm most commonly occur-
ring in the long bones of the lower extremity and typically
presenting with nonsteroidal anti-inflammatory (NSAID)-re-
sponsive nocturnal pain. Rosenthal et al. [1] described the first
RFA of osteoid osteoma, where he used two sequential over-
lapping ablations in a 1.2-cm osteoid osteoma of the scapula.
Rosenthal et al. [2] later described an 18-patient series
employing a single 4-min ablation at 85-90 °C with a primary
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success rate, loosely defined in the literature as resolution of
osteoid osteoma-related pain within days to several months
following RFA, of 89 %. Multiple studies have since exam-
ined the primary success rate of RFA for osteoid osteoma,
which are commonly above 90 % and range between 67—
100 % [3—6]. While several recent studies use ablation times
of at least 6 min, published studies demonstrate wide variation
in RFA technique in terms of total ablation time and peak RFA
temperature [3—5, 7—11]. Furthermore, fewer studies have
assessed the long-term efficacy and complication rate of
RFA in the treatment of osteoid osteoma, an important param-
eter considering delayed osteoid osteoma recurrences have
been reported up to 13 and 3.5 years following surgical resec-
tion and RFA, respectively [5, 12, 13]. This study evaluates
the immediate and long-term clinical outcomes following con-
sistent use of a dual-cycle RFA (DCRFA) technique for treat-
ment of osteoid osteoma that employs two sequential 6-min

ablation sessions at 90 °C with interablation cooling to 40 °C.

Materials and methods

All procedures performed in studies involving human partic-
ipants were in accordance with the ethical standards of the
institutional review board (IRB). After IRB approval, in-
formed consent was obtained from all individual participants
included in the study. The authors declare that they have no
conflict of interest.

Patient data

We retrospectively reviewed the records of all patients treated
with DCRFA for osteoid osteoma of the lower extremity be-
tween January 2000 and January 2013 at a single tertiary care
institution. A picture archiving and communication system
(PACS) query yielded 25 cases of osteoid osteoma treated
with DCRFA. Diagnosis of osteoid osteoma prior to DCRFA
was established using characteristic clinical features as well as
typical cross-sectional imaging features [14]. All pre-
treatment evaluations included radiographs and a CT exami-
nation, and some but not all patients were also evaluated with
pre-procedure MRI (4 patients) and bone scintigraphy (1 pa-
tient). Lesion parameters were documented including lesion
size and location. Biopsy rate at the time of DCRFA and
histopathology results were documented.

Patient demographic data, early and late-onset complica-
tions, history of surgical or percutaneous intervention for the
osteoid osteoma lesion, and symptom-free interval (mean
+standard deviation) after DCRFA were evaluated. Since
many patients were referred from outside providers, and
post-procedure clinical follow-up for many patients was per-
formed at the referring outside institution, patients were
contacted via telephone for current data regarding osteoid

@ Springer

osteoma-related pain 1 month post DCRFA, current level of
osteoid osteoma-related pain, and physician-documented os-
teoid osteoma recurrence and DCRFA-related complications
as set forth by Callstrom et al. [14] (Table 1). For patient’s
younger than 18 years of age at the time of follow-up, we
interviewed the patient’s legal guardian.

Osteoid osteoma-related pain was defined as pain of similar
location and quality compared to originally reported symp-
toms. Patients’ current pain levels were assessed using the
verbal rating scale (VRS) [15]; patients were asked to rank
their current pain level as (1) no pain, (2) mild pain, (3) mod-
erate pain, and (4) severe pain. Primary clinical success was
defined as resolution of osteoid osteoma-related pain 1 month
after DCRFA without additional interventions including re-
peat RFA. Long-term treatment success was defined as no
physician documented osteoid osteoma recurrence with no
osteoid osteoma-related pain at time of follow-up.
Symptom-free interval was defined as time between proce-
dure and date of follow-up interview.

Table 1  Summary of reporting standards for complications following
bone and soft tissue tumor ablation as described by Callstrom et al. [14]

Time Immediate (<24 h)
1- 30 days
>30 days

Severity Mild:

No or mild therapy with no consequences
Overnight stay for observation only
Severe:
Hospitalization for more than only observation
Requires additional therapy
Requires increased level of care
Results in death or permanent adverse sequelae
Complication Abscess
Allergy or anaphylactic reaction
Death (immediate complication)
Death unrelated to procedure (<30 days )
Hematoma (at ablation or puncture site)
Idiosyncratic reaction
Myocardial infarction
Nerve injury
Pleural effusion
Pulmonary embolism
Respiratory failure
Sepsis
Skin thermal injury
Stroke
Tumor seeding
Unintended puncture of hollow viscus
Vagal reaction
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DCRFA technique

The DCRFA treatments were performed by two
fellowship-trained musculoskeletal radiologists MR and
CK (14 and 3 years of experience with osteoid osteoma
DCRFA, respectively). All DCRFAs were performed un-
der general anesthesia. No peri-procedural antibiotics
where administered. Lesion access planning was per-
formed with a pre-procedural thin-slice CT (max slice
thickness=2 mm) of the region of interest. Following a
small skin incision, each osteoid osteoma nidus was
accessed with either a 14-gauge Bonopty (Radi Medical
Systems, Uppsala, Sweden) or an 11-gauge Laurane
(Laurane Medical, Saint-Arnoult, France) coaxial bone

biopsy system. Tissue sampling was attempted for most
lesions at this time (Table 2). The internal drill or stylet
was then removed and exchanged with the radiofrequency
electrode. The cannula was subsequently retracted over
the electrode in order to ensure that there was no contact
between the cannula and electrode. A 17-gauge 5, 7, or
10-mm straight-needle Covidien Cool-Tip Radiofrequen-
cy electrode (Covidien, Dublin, Ireland) was used for
each ablation depending on lesion size.

The electrode’s temperature was gradually increased by
1-2 °C/s until 90 °C was reached, and the temperature was
maintained between 90 and 95 °C for 6 min. Impedance
values as measured by the Covidien RFA system were also
monitored throughout each ablation cycle in order to

Table 2 Overview of study population and osteoid osteoma characteristics. OO osteoid osteoma

Patient Age Interval (months) Location Maximum CT Inter-ablation Biopsy
No. (years) to follow-up axial dimension  positioning of results
at RFA  after RFA probe
2 65 Cortex of left tibial proximal metadiaphysis 4 mm No 00
2 2 27 Cortex of right tibial diaphysis 6 mm Yes; depth Indeterminate
adjustment
3 7 12 Cortex of right distal femoral diaphysis 11 mm No 00
4 9 89 Cortex of left mid femoral diaphysis 10 mm No Not obtained
5 12 39 Cortex of left distal femoral metadiaphysis 9 mm No 00
6 12 30 Cortex of left proximal tibia epiphysis 7 mm No 00
7 12 16 Cortex of right femoral neck 7 mm No 00
8 13 14 Cortex of the posterior-superior aspect of left cu- 10 mm No 00
boid, near calcaneal-cuboid articulation
9 14 23 Cortex of left mid tibial diaphysis 7 mm No 00
10 14 36 Cortex of anterior superior aspect of right talus 7 mm Yes; depth Not obtained
adjustment
11 14 133 Cortex of middle aspect of right acetabulum 8 mm No Not obtained
12 15 Patient could not be Medullary canal of left fourth metatarsal 3 mm No Indeterminate
contacted for diaphysis
interview
13 16 114 Cortex of distal left tibial diaphysis 5 mm No Not obtained
14 17 96 Cortex of right anterior femoral lesser trochanter 10 mm No Indeterminate
15 17 48 Cortex of right cuboid, superior aspect near 6 mm No Indeterminate
navicular articulation
16 17 61 Cortex of left distal fibula7diaphysis 4 mm No Indeterminate
17 18 96 Cortex of left distal tibial metaphysis 5 mm No Indeterminate
18 18 84 Cortex of left femur immediately distal to lesser 6 mm No Not obtained
trochanter
19 19 12 Cortex of proximal right tibial diaphysis 6 mm No Not obtained
20 21 33 Cortex of proximal right tibial metaphysis 10 mm Yes; depth 00
adjustment
21 23 152 Cortex of right femoral neck 6 mm No Not obtained
22 25 85 Cortex of left proximal femoral diaphysis 6 mm No Indeterminate
23 26 15 Cortex of left distal tibial diaphysis 6 mm No 00
24 37 12 Cortex of left distal 2nd metatarsal metadiaphysis 5 mm Yes; depth 00
adjustment
25 50 120 Cortex of right distal fibula diaphysis 12 mm Yes; separate Indeterminate

cortical site
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prevent excessive impedance increases that can result in
tissue charring or an automatic system shut-off, and for a
single case actual impedance values were documented dur-
ing both RFA cycles every 10 s. The electrode tip was then
allowed to cool to 40 °C. Infrequently, the electrode was
repositioned during the inter-ablation period by either (1)
adjusting the depth of the electrode via a single cortical
access site or (2) accessing the lesion via a separate cortical
access site if lesions were 1.2 cm or greater in any dimen-
sion due to expected incomplete coverage of a single zone
of ablation (RF Cool-Tip User Guide, Covidient). The
electrode’s temperature was then again raised to 90 °C
and maintained for an additional 6 min. External cooling
was not used in any case. The same goal temperature and
ablation duration was used for all ablations in our study
regardless of osteoid osteoma size or location. Statistical
analysis compared the proportion of DCRFA initial suc-
cessful cases to the proportion of initial successful cases
of other studies published that utilized alternative osteoid
osteoma ablation techniques using the Chi-square test [16]
and post-hoc comparisons using the Marascuilo procedure
[17]. The DCRFA success was compared to the successful
results of Rehnitz et al., Rimondi et al., Rosenthal et al.,
and Sung et al. [3, 5, 8, 18]. P-values less than 0.05 were
considered statistically significant.

All patients were discharged the same day of the procedure.
Patients were instructed to use acetaminophen for routine pain
control and were prescribed acetaminophen with codeine for
PRN pain control during the first 48 h of the post-procedure
period. All patients were instructed to avoid strenuous high-
impact activity for 6 weeks following the procedure.

Results

Patient follow-up and osteoid osteoma lesion
characteristics

Long-term follow-up was obtained for 24 of 25 patients
(96 %; Table 2). Lesion sites included metatarsal (n=2),
cuboid (n=1), navicular (n=1), talus (n=1), tibia (n=28),
fibula (n=2), femur (n=38), and acetabulum (n=1). Aver-
age nidus size was 7.2 mm + 2.3 mm. One nidus was
located in the medullary canal (fourth metatarsal lesion),
and the remainder were located in the cortex. Mean time
to follow-up was 60 months + 42 months (range, 12—
152 months). Time to follow-up was>48 months in 14
patients. Mean patient age at DCRFA was 17.2 years
(range, 2.2-50.0 years). Biopsy was obtained in 18 of
24 cases (75 %). Ten of 24 (42 %) patients had biopsies
consistent with osteoid osteoma, yielding a 56 % positive
diagnostic rate in patients that received biopsy; the re-
maining 46 % of biopsies were interpreted as
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indeterminate for osteoid osteoma. Inter-ablation probe
depth adjustment without changing the cortical access site
was employed in only four cases where the zone of initial
ablation was not felt to cover the entire lesion due to
lesion size or probe positioning, and inter-ablation probe
adjustment employing a separate cortical access site was
used in a single case demonstrating marked post-operative
changes status-post failed surgical resection and RFA
(Table 2; Fig. 1).

Treatment outcomes and complications

All DCRFA treatments were primarily successful without
technical or equipment failures. No immediate DCRFA-
related complications as categorized by Callstrom et al.
[14] or physician-documented osteoid osteoma recur-
rences were discovered on retrospective chart review or
reported during the telephone interviews (Table 1).
Follow-up telephone interviews confirmed long-term

Fig. 1 Examples of inter-ablation electrode position using two cortical
access sites. a Initial RFA cycle in a patient with osteoid osteoma of the
distal right fibula status-post failed surgical resection and RFA by another
provider. b Second RFA cycle in the same patient as part (a) via a second,
more distal cortical access site. ¢ Coronal magnetic resonance (MR) STIR
image from the same patient prior to our DCRFA protocol demonstrates
the craniocaudal extent of the high-signal osteoid osteoma lesion is 3 cm.
A rounded, low signal focus is seen at the superior aspect of the lesion.
Superimposed post-surgical changes make identification of a discrete
nidus difficult, however, and inter-ablation probe adjustment using
separate cortical access sites was necessary to ensure total RFA coverage
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treatment success in all interviewed patients without evi-
dence of any recurrences.

One patient (4 %) with osteoid osteoma of the left cuboid
experienced a complex clinical course following DCRFA and
ultimately developed a late major complication requiring ad-
ditional therapy; the patient first developed pain in the midfoot
2 weeks following DCRFA coinciding with return to sports.
This pain was of a different quality compared to pre-
procedural osteoid osteoma-related pain and described as
more constant in nature, exacerbated by activity, and only
mildly relieved with NSAIDS. MRI 1 month post-DCRFA
demonstrated marrow edema predominately of the left calca-
neus, but also involving the talus, navicular bone, and meta-
tarsals without evidence of fracture (Fig. 2a—c). Imaging dem-
onstrated patchy edema in multiple osseous structures and in
correlation with the clinical exam the patient was treated for
stress reaction of the calcaneus with treatment including
casting followed by a walking boot. After conservative treat-
ment, MRI 15 months post-DCRFA showed near-resolution
of marrow edema correlating with marked improvement of
pain, as well as resorption of the cuboid osteoid osteoma nidus
(Fig. 2d). Interestingly, approximately 2 years after DCRFA

the patient developed left ankle skin discoloration, worsening
pain, and chronic swelling during the beginning of a sports
season, leading to a diagnosis of CRPS. The clinical course
was complicated several months later by traumatic fracture of
the left third metatarsal diaphysis and more recently by left
ankle direct contusion without radiographic evidence of
fracture.

Three patients treated by our DCRFA protocol received
prior interventions with subsequent osteoid osteoma re-
currences. One patient with osteoid osteoma of the left
distal second metatarsal received DCRFA treatment
employing a single 2-min session at 80 °C, a second pa-
tient experienced osteoid osteoma recurrence of an ante-
rior right acetablular lesion after incomplete surgical re-
section, and a final patient experienced recurrence of a
distal fibular osteoid osteoma after both a failed RFA
treatment and a failed surgical resection. These patients
were successfully treated per our protocol 7, 11, and
12 months, respectively, after their initial interventions
by outside providers.

The proportion of initial successful cases for DCRFA
(100 %/24 patients) was compared to the proportion of

Fig. 2 Development of multi-tarsal osseous edema in a physically active
13-year-old female 2 weeks after DCRFA of left cuboid osteoid osteoma.
a Sagittal CT image demonstrates well-circumscribed osteoid osteoma
nidus (arrow) in the dorsal aspect of the left cuboid prior to DCRFA
treatment. Two weeks after DCRFA treatment and early return to
athletics, the patient experienced new-onset pain of different quality
compared to her prior osteoid osteoma-associated pain. b Sagittal MR
T2-weighted image (T2WI) with fat saturation (FS) obtained one month
after DCRFA demonstrates the well-defined high-signal zone of ablation

(arrow) surrounding the osteoid osteoma nidus. Diffuse high-signal bone
marrow edema (stars) is also noted in the calcaneus and base of the
fourth metatarsal. ¢ A more medial sagittal MR T2WI with FS from the
same examination demonstrates bone marrow edema (stars) also
involving the navicular bone and talus. d Sagittal MR T2WI with FS
1 year after DCRFA following conservative treatment demonstrates
marked improvement in diffuse bone marrow edema correlating with
improvement in pain symptoms. There is RFA-related degenerative
change involving the articular surface of the cuboid
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Table 3 Marascuilo post-hoc comparisons of the proportion of
successful ablations. Group sample proportions: DCRFA 1; Rehnitz
0.961038961; Rimondi 0.956912029; Rosenthal 0.914529915; Sung
0.821428571

Proportions Absolute differences ~ y* value  p-value
DCRFA—Rehnitz 0.038961039 3.12 0.538"
DCRFA-Rimondi 0.043087971 25.08 <0.0001°
DCRFA-Rosenthal 0.085470085 10.93 0.027°
DCRFA-Sung 0.178571429 6.09 0.193*
Rehnitz—Rimondi 0.004126932 0.03 0.999*
Rehnitz—Rosenthal 0.046509047 1.88 0.759*
Rehnitz—Sung 0.13961039 341 0.493*
Rimondi—Rosenthal ~ 0.042382114 242 0.659°
Rimondi-Sung 0.135483457 3.46 0.485"
Rosenthal-Sung 0.093101343 1.47 0.832%

#Not significant
® Significant

successful ablations at the end of follow-up times for os-
teoid osteoma ablation techniques used in other studies:
Rehnitz (96.1 %/77 patients), Rimondi (95.7 %/557
patients), Rosenthal (91.5 %/117 patients) and Sung
(82.1 %/28 patients) [3, 5, 8, 18]. The overall xy*=14.16
and was highly significant (p=0.0068), suggesting that
some of the procedure successful proportions were signif-
icantly different. Post-hoc pair-wise comparisons made
using the Marascuilo procedure [17] confirmed that the
proportion of successful cases using DCRFA were signif-
icantly different when compared to the results of the stud-
ies by Rimondi and Rosenthal. No other comparisons
were found to be significantly different (Table 3).

Fig. 3 Plot of impedance change

over the course of the first (blue) 310

Intra- and inter-cycle impedance changes

We observed that tissue impedance levels tended to be lower
during the second RFA cycle compared to the first cycle,
which was reflected in our single case documenting imped-
ance values (Fig. 3).

Discussion

RFA is the first-line treatment modality for most cases of
osteoid osteoma; RFA technique parameters vary widely in
prior reports, however, and relatively few studies have exam-
ined the long-term efficacy of RFA for osteoid osteoma [3, 5,
12, 13, 18]. Our retrospective review of 24 cases of osteoid
osteoma treated with two sequential 6-min RFAs with inter-
ablation cooling yielded a 100 % primary success rate and,
therefore, compares well with the success rate of traditional
RFA techniques for osteoid osteoma. The 0 % long-term re-
currence rate also compares favorably with other recent re-
ports, which demonstrate long-term retreatment rates between
3t033 % [3,5,6,12,13, 18].

The rationale for a second ablation cycle in our practice
initially centered on allowing accurate electrode repositioning
to ensure complete ablative coverage of the osteoid osteoma,
particularly in patients with a history of prior failed surgical
resection or RFA; this subset of patients has been reported to
be at increased risk for RFA treatment failures [8], and post-
surgical change can make identification of the osteoid osteo-
ma nidus, and therefore determination of appropriate ablative
coverage with a single electrode position, difficult (Fig. 1).
Repositioning of the electrode, a technique performed by
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Rosenthal et al. [1] and, subsequently reported as an indepen-
dent predictor of RFA treatment success in osteoid osteoma
[3], was performed in only four cases in our study. Limited use
of inter-ablation probe adjustment, either by depth adjustment,
milling of the single cortical access site and subsequent probe
angulation, or via a separate cortical access site may help
ensure the best outcomes in select patients with larger lesions
or when access to the lesion is difficult.

The primary benefit of a second ablation cycle, how-
ever, may relate to the interaction with intrinsic osseous
tissue properties including impedance, defined as the elec-
trical resistance to current flow in a tissue. While the
osseous sclerosis surrounding the osteoid osteoma typical-
ly has high impedance, tissue impedance changes dynam-
ically during the ablation process and decreases with tis-
sue heating secondary to ion mobilization [3, 4, 11, 19].
Permanent reductions in tissue impedance also persist af-
ter the tissue temperature returns to baseline due to irre-
versible, albeit poorly understood, molecular changes in
ablated tissues [19]. In our experience, we observed that
the initial ablation cycle encountered high tissue imped-
ance. Tissue impedance tended to be lower throughout the
second ablation cycle compared to the first ablation cycle,
and in general lower currents were therefore required on
the second ablation to achieve and sustain goal tempera-
tures. A favorable consequence of decreased impedance
and voltage requirements is the reduced risk of local tis-
sue charring, which prevents further increases in tissue
impedance and yields more uniform tissue heating [11].

Rimondi et al. [3] performed the largest study of RFA for
osteoid osteoma to date, a retrospective review encompassing
557 patients over an 11-year period and a mean follow-up
period of 3.5 years. The first 68 patients in the series were
treated with a 4-min RFA at 90-93 °C, while all remaining
patients were treated with a single 14—15-min ablation at 90—
93 °C preceded by a 2-min ablation at 60 °C. Reported vari-
ables between both patient groups, including the physicians
performing the procedures, otherwise remained largely un-
changed between groups. Of note, the recurrence rate reduced
from 28 to 2 % after adoption of the longer ablation technique.
While some authors advocate a single 4-min RFA cycle as
adequate for osteoid osteoma [11], Rimondi et al. [3] and
others have reported improved primary success rates by in-
creasing total ablation times to 6 min or greater [4, 20]. This
latter finding may reflect the biophysiologic underpinnings of
the RFA process; while cellular coagulative necrosis occurs
nearly instantaneously at temperatures between 60100 °C in
vivo, in situ RFA is a complex interaction of multiple variables
related to tissue composition including thermal impedance
and heat-sink effects from adjacent vascular structures that
prevent uniform ablation and instantaneous cell death [11,
19]. We feel that maintaining ablation sessions for 6 min or
more may allow for a more homogenous zone of ablation in

part due to temporary intra-ablation impedance reductions,
with subsequent potential for more effective killing of periph-
eral tumor cells. A second ablation cycle may further potenti-
ate these effects of a homogenous zone of ablation via perma-
nent tissue impedance reductions following the first ablation
cycle.

This study’s single major complication following
DCRFA of the cuboid reiterates the potential for osseous
and soft tissue injury following ablation therapies (Fig. 2).
Importantly, total ablation time does not appear correlated
with risk of RFA complications. While Rimondi et al. [3]
do report using a non-specified low-energy technique for
foot and hand lesion, their technique employs some of the
longest ablation times in the reported literature (14—15-
min ablations at 90-93 °C) for 489 cases of their 557-
case series. Rimondi et al. reported a decreased complica-
tion rate as well as recurrence rate after adoption of the
14-15 min ablation technique, and their<1 % complica-
tion rate (including 1 thrombophlebitis, 1 skin burn, and 1
broken ablation probe) compares favorably with other
studies using the more common, single 6-min ablation
period. They also reported no subsequent development
of CRPS or osseous stress-related injuries in any patients
[5, 8, 13, 18, 21, 22]. A PubMed search (MeSH terms
“osteoid osteoma” and “ablation” prior to November 15,
2015/English language) yielded one case of mild sympa-
thetic dystrophy that resolved within several weeks fol-
lowing a standard 6-minute RFA [8]. Daniilidis et al.
[13], who describe long-term follow-up after RFA in 29
cases of osteoid osteoma of the foot and ankle, also de-
scribe no RFA-related complications.

Despite our single complication, complications following
RFA for osteoid osteoma do not appear correlated with total
ablation time, and RFA of osteoid osteoma of the lower ex-
tremity and foot, in our experience and that described in the
literature, therefore does appear safe. Given the asymmetric
distribution of bone marrow edema primarily in the calcaneus,
abrupt onset coinciding with early return to strenuous activity,
and marked clinical improvement with immobilization, it is
possible that this single major complication may have repre-
sented a component of acute osseous stress reaction (poten-
tially precipitated by a rapid return to activity after an extend-
ed period of deceased weight bearing due to pre-procedural
osteoid osteoma-related pain) superimposed on the CRPS that
became more clinically apparent later in the patient’s clinical
course. The proportion of successful procedures using
DCRFA, when compared to other studies in the literature,
suggested that using the DCRFA ablation technique in this
study was significantly different when compared to the studies
of Rimondi et al. and Rosenthal et al. [3, 8]. Post-hoc com-
parisons further suggested that there was no statistically sig-
nificant difference in the proportions of successful ablations
when results of the other four published studies listed in
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Table 3 were compared. While these results are encouraging,
conducting a large-scale randomized clinical trial comparing
different osteoid osteoma ablation techniques with DCRFA
would be required to provide a more accurate comparison of
the success of these different methods.

Among the limitations of our study is the small sample size
of patients, although our group size is on par with other studies
in the literature [5, 6, 12, 13]. Osteoid osteomas are reliably
diagnosed based on imaging and clinical findings, and so our
positive biopsy rate of 42 % is acceptable and also similar to
other studies [3]. Recall bias of the participants is another
study limitation given that (1) a specific pain monitoring scale
was not documented in the medical record during the imme-
diate pre- and post-operative period, and (2) pain data was
collected retrospectively via phone with years-long time inter-
vals from the RFA treatments. Since treatment success of os-
teoid osteoma is often purely evaluated clinically based on
pain levels, we feel that defining long-term efficacy of treat-
ment as “no pain” on VRS is valid. Also, our data regarding
documented impedance changes during each ablation cycle is
limited to a single case. Our follow-up rate for 24 of 25
patients (96 %) is satisfactory.

Conclusions

The 100 % primary success rate, 0 % long-term recurrence
rate, and low complication rate of DCRFA compare favorably
and may be superior to results of prior reports employing
single ablations with shorter overall ablation times. Our study
supports the long-term safety and efficacy of a dual-cycle RFA
technique employing two sequential 6-min RFAs with a target
temperature of 90 °C as a first-line treatment of osteoid
osteoma.
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