Skeletal Radiology (2019) 48:1697-1703
https://doi.org/10.1007/500256-019-03185-1

SCIENTIFIC ARTICLE

®

Check for
updates

Treatment-related alterations of imaging findings
in osteoid osteoma after percutaneous radiofrequency ablation

Gonca Erbas ' - Halit Nahit Sendur - Hiiseyin Koray Kilic' - Emetullah Cindil' - Ali Yusuf Oner" - Nil Tokgoz' -
Erhan Turgut ligit’

Received: 7 November 2018 /Revised: 10 January 2019 / Accepted: 7 February 2019 /Published online: 6 March 2019
© 1SS 2019

Abstract

Objectives We aimed to report the long-term outcomes of osteoid osteoma patients and to determine CT and dynamic contrast-
enhanced MR imaging characteristics of radiofrequency ablation (RFA) treatment related changes of osteoid osteoma between
follow-up periods.

Materials and methods Thirty patients (seven female, 23 male) who underwent CT-guided RFA of osteoid osteoma were
included. Follow-up imaging examinations were divided into two subgroups; first (1-3 months) and second (> 6 months)
periods. Nidus size, calcification, cortical thickening, maximum signal intensity (SImax), time of SImax (Tmax), slope of signal
intensity-time (SIT) curves were noted. CT and dynamic MR imaging findings were compared between follow-up periods.
Results Clinical success rate was 100%. The mean of OO nidi size was 5.85 £ 1.98 mm before treatment. There was a significant
difference for OO nidi sizes between pretreatment and second follow-up period examinations (p = 0.002). SImax and slope of SIT
curves of all patients (100%) showed decrease on follow-up MRIs. There was a significant decrease for SImax values between
pretreatment and second follow-up period. There was a significant decrease for slope of SIT curves between pretreatment and
both follow-up periods.

Conclusions RFA is an effective and safe treatment choice for osteoid osteomas. On follow-up imaging, slope of SIT curve and
Tmax have the most important positive predictive value for long-term outcomes and single dynamic contrast-enhanced MRI
within first 3 months after treatment may be sufficient for symptom-free patients.
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Introduction The traditional treatment option for OO is surgical resec-
tion of the tumor. However, since Rosenthal et al. [5] de-
scribed it in 1992, radiofrequency ablation (RFA) has become

a favorable minimal invasive treatment choice for OO.

Osteoid osteoma (OO) is a benign bone tumor that comprises
the central nidus and surrounding reactive sclerotic bony

changes. It accounts for approximately 12—13.5% of benign
primary bone tumors [1, 2]. OO has a predilection for the
diaphysis of long bones and most commonly arises from the
cortex. The tumor has male predominance and usually affects
young individuals. Pain that worsens at night is the most com-
mon symptom and it responds well to the non-steroidal anti-
inflammatory drugs [1-4].
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Previous studies reported high success rates [6—10].
Furthermore, this technique has advantages of lower cost
and fewer complications when compared to surgery.

Recurrence of the lesion usually leads pain clinically.
Many groups follow their patients based on pain assess-
ment. Because pain assessment is a subjective method,
imaging is necessary to exclude recurrence in patients
with suspected/atypical pain. Treatment-related changes
may be confusing in terms of imaging. At this point, it
is important for radiologists to be accustomed to the
imaging findings of treated OO lesions and changes
secondary to RFA procedure in time.

The outcomes of RFA treatment for OO have been reported
in detail in the literature. However, a few studies determined
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the imaging changes related to RFA treatment of OO and no
study has yet evaluated the imaging changes between follow-
up periods. The purposes of this study are to report the long-
term outcomes of osteoid osteoma patients and to determine
the dynamic contrast-enhanced MR and CT imaging charac-
teristics of RFA treatment-related changes of OO between
follow-up periods.

Materials and methods

This retrospective study was approved by our institutional
review board.

Patient data From 2005 to 2017, 30 patients (seven female, 23
male) who underwent CT-guided RFA for the treatment of
osteoid osteoma were included. Mean age of the patients
was 15.6 years (range, 3—46 years). The duration of osteoid
osteoma-related symptoms prior to RFA procedure were var-
ied in the range between 6 and 36 months. One patient was a
recurrent case after surgery. Twenty-nine patients applied for
RFA as the first treatment choice.

In our institution, the patients treated with RFA were called
for control imaging with CT and MRI at 1, 3, 6, and 12 months
after treatment. However, the fact that many of these patients
live in different cities did not enable this follow-up imaging
program to be implemented regularly. Therefore, we divided
the follow-up imaging periods into two subgroups. The first 1
to 3 months after RFA treatment conducted as first follow-up
period, and > 6 months after RFA treatment was conducted as
second follow-up period.

All patients underwent CT examinations before treatment,
and first and second follow-up periods after RFA treatment.
All CT examinations were performed with a 64-slice scanner
(Lightspeed VCT, GE Healthcare, Milwaukee, WI, USA)
unit. Scanning parameters were applied by consideration of
lesion localization and the patient’s age (90—120 kVp, 100—
250 mAs, 0.625-3 mm slice thickness). Nidus size, presence
of calcification, and cortical thickening were noted and these
parameters were reevaluated on follow-up examinations.

Eighteen of 30 patients had dynamic MR imaging before
treatment. Two patients did not participate in MR imaging in
the first follow-up period whereas four patients did not partic-
ipate in MR imaging in second follow-up period. Therefore,
missing data were excluded and we evaluated MRI findings
on 16 patients in the first follow-up period and on 14 patients
in second follow-up period. All MRI examinations were per-
formed on 3.0-T MRI unit (Magnetom Verio, Siemens,
Erlangen, Germany). Standard T'1- and T2-weighted spin-ech-
o sequences were obtained in diagnostic quality. T1-weighted
gradient echo sequence (TR: 4.29, TE: 1.47, flip angle: 9°)
was used for dynamic imaging with the 35 consecutive acqui-
sitions, each had temporal resolution of 12—15 s. The same
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imaging parameters were used for pretreatment and follow-up
examinations. Signal intensity of the lesion before the intra-
venous contrast material injection (Slpre), maximum signal
intensity (SImax), time of maximum signal intensity (Tmax),
slope of signal intensity—time (SIT) curves were calculated
and the presence of bone marrow edema was noted before
and after treatment examinations. SImax was determined as
the maximum value of the ascending limb of signal intensity—
time curve [11]. Tmax was determined as the time from the
start of dynamic imaging to SImax. Slope of the curve per
minute was calculated with the formula of (SImax - Slpre) x
100 / Slpre x Tmax [12]. In addition, the decreasing rates of
the curve slopes in the first and second follow-up periods were
calculated according to the slope of pretreatment curve.

Current clinical data and information about the pres-
ence of osteoid osteoma-related symptoms was obtained
via phone from the patients and legal carers of the pa-
tients under the age of 18 years. Patients’ demographics,
lesion localization, and follow-up time are summarized
in Table 1.

RFA procedure All procedures were performed by a single
radiologist (GE, 14 years of experience in CT-guided inter-
ventions) with CT guidance. Twenty-five patients had general
anesthesia and five patients had spinal anesthesia during RFA
procedure. Patients had given appropriate position depending
on the lesion localization. Optimal limited scanning area in-
cluding OO nidus was planned. Twenty-eight patients were
approached from the shortest distance to the tumor nidus
whereas two patients were approached from the opposite cor-
tex of the tumor. In cases of significant cortical thickening,
drilling was used. All procedures were performed with
monopolar RF ablation electrodes (UniBlate or Starburst
XL, RITA Medical Systems - Angiodynamics, Latham, NY,
USA). The active tip of the RF electrode was placed within the
nidus and the electrode was connected to the RF generator.
Temperature was increased gradually and at 90 °C maintained
for a period of 6 min.

Table 1 Data of the patients

Variables Mean =+ SD or n

Age (years) 15.6+9.8 (range, 3—46 years)
Sex (male:female) 23:7
Follow-up time (months) 70.63 £41.44 (range, 12151 months)

Lesion localization (7)

Femur 19
Tibia 7
Humerus 1
Ulna 1
Iliac crest 1
Metatarsal 1
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Fig. 1 Osteoid osteoma of tibial shaft without nidal calcification and accompanying prominent cortical thickening (a) and during RFA (b). Note the

significant reduction of lesion size at first-year control (c)

Statistical analysis SPSS 22.0 software (IBM Corp, Armonk,
NY, USA) was used to perform statistical analyses. Mean,
standard deviation, minimum and maximum values composed
the descriptive statistics. Wilcoxon signed-ranks test was used
to compare variables that were obtained from both CT and
MR images. A P value of < 0.05 was considered statistically
significant.

Results No patients had any complaint that could be related to
00, since after RFA treatment. Therefore, our clinical success
rate was 100%. The mean of OO nidi size was 5.85 = 1.98 mm
on pretreatment examinations. There was no visible nidus for
five (16%) patients on follow-up CT examinations after RFA
treatment. The nidus sizes of 22 (73%) patients were decreased
after RFA treatment on second follow-up period examinations
(Fig. 1). The mean of OO nidi sizes for the first and second
follow-up periods were 5.19 and 3.48 mm, respectively. There
was a significant difference for OO nidi sizes between pretreat-
ment and second follow-up period examinations (p =0.002).
Eighteen (60%) patients had calcification within the OO nidus.
There were no significant differences for calcification sizes
between pretreatment and follow-up examinations.

Twenty-six patients demonstrated accompanying cortical
thickening to OO nidi on pretreatment examinations. The
mean cortical thickening was 8.78 + 6.06 mm. Cortical thick-
ening remained stable for 22 (84%) of 26 patients on both
early and late posttreatment follow-up examinations. In com-
parison to pretreatment examinations, cortical thickening
demonstrated a slight decrease for three patients on the first
follow-up period, and four patients on the second follow-up
period examinations (Fig. 2). There was no statistically signif-
icant difference for cortical thickening between pre and post-
treatment examinations. Table 2 summarizes the measure-
ments of pre and posttreatment CT examinations.

Eighteen patients (100%) who had MRI before RFA treat-
ment demonstrated bone marrow edema accompanying OO
nidus. Bone marrow edema was resolved in eight patients in
first follow-up period, and in ten patients in second follow-up
period after RFA treatment (Fig. 3). SImax of all patients
(100%) showed decrease on follow-up MRIs. There was a
significant decrease for SImax values between pretreatment
and the second follow-up period (p =0.008). The mean
Tmax values of OO for pretreatment, first and second
follow-up periods were 65.5, 95, and 147 s, respectively.

Fig. 2 A 12-year-old female patient with osteoid osteoma at right femur
diaphysis. Coronal CT images of pretreatment (a), and posttreatment (b,
1st year), respectively. The accompanying cortical thickening to osteoid

osteoma nidus was decreased after treatment on follow-up examination
(arrow)

@ Springer



1700 Skeletal Radiol (2019) 48:1697-1703

Table 2 Measurements of patients for pre and post-treatment CT Discussion

examinations

Parameter Pre- Follow-up periods The success rates of RFA treatment for OO varied between 67
treatment and 100% in the literature [13, 14]. In our study, no patients

First Second had any symptoms that could be related to OO after RFA

Nidus size (mm) 5854196 5194238 348 +288 trea“;‘gg; d‘ﬁmg long:term fouow'}lp’hand ‘(’1‘,“ S,uccelss, rate

Calcification size (mm)®  1.81 + 1.80 172+ 1.55 1.39 + 138 W‘;‘S, : "1 Oweve;’ Sucfcess_rates mt lf studies 1?V(;1V1ng a

Cortical thickening (mm)® 878 £ 6.06  8.64 603 857+600 o auvely large number of patients may be more reliable.

# Calcification size was evaluated on 18 patients
® Cortical thickening was evaluated on 26 patients

There were significant extensions for Tmax values between
pretreatment and both follow-up periods. Slope of SIT curves
of all patients (100%) showed decrease on follow-up MRIs.
The mean slope of SIT curves was 195.7% before treatment.
There was a significant decrease for slope of SIT curves be-
tween pretreatment and both follow-up periods (Fig. 4).
However, no significant difference was found for slope of
SIT curves between the first and second follow-up periods
(p=0.386). The slope-decreasing rates were found similar in
both follow-up periods, and no significant difference was
found for slope-decreasing rates between two follow-up pe-
riods. The measurements obtained from dynamic MRI of pa-
tients for pre and post-treatment examinations are summarized
in Table 3.

Fig. 3 A 12-year-old female
patient with osteoid osteoma at
right femur diaphysis. Coronal
short tau inversion recovery
(STIR) images of pretreatment
(a), and posttreatment (b, 1st
year), respectively. Images
demonstrated that accompanying
bone marrow edema resolved
markedly after treatment on
follow-up examination
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Mahnken et al. [15] studied contrast-enhanced MRI the
day after RFA treatment for osteoid osteoma and reported
that with the lesions which illustrate an increase of a
signal-to-noise ratio of more than 20% after contrast ma-
terial injection, these patients might be considered candi-
dates for re-ablation even if they were asymptomatic to
avoid symptomatic recurrence. In the present study, MR
imaging after RFA treatment for OO demonstrated that
OO nidi continue to enhance on posttreatment MRI.
However, the slope of SIT curves significantly decreased
on both follow-up periods after RFA treatment in compar-
ison to pretreatment MRI. Therefore, a decrease in slope
of SIT curve may be more useful in predicting long-term
outcomes of RFA treatment and in avoiding unnecessary
interventions.

Teixeira et al. [16] evaluated the relationship between
the outcomes of laser thermal ablation treatment for oste-
oid osteoma and perfusion MRI parameters. In that study,
the authors reported that successfully treated osteoid
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Fig. 4 A 6-year-old male patient with osteoid osteoma at left femur.
Contrast-enhanced T1-weighted fat-suppressed (a, ¢, e) and signal
intensity—time curves (b, d, f) of pretreatment, first and second follow-
up periods, respectively. Images demonstrated that slope of the osteoid

osteoma lesions demonstrated extension of mean time to
peak (pretreatment: 79.4 and posttreatment: 182.2), and
40.5% drop of slope of the SIT curves. These parameters
were significantly different between those treated success-
fully and those with treatment failure. Our results were
consistent with the results of that study. In the present
study, all patients treated successfully with RFA and pre-
treatment and follow-up MR examinations represented

Table 3 Dynamic MRI measurements of patients for pre and post-
treatment examinations

Parameter Pre-treatment Follow-up periods
(n=18)
First (n=16) Second
(n=14)
SImax 550.5 = 254.9 306.3 £ 176.2 264.4 + 156.9
Tmax (s) 65.5+£222 95.0 £46.8 147.0 + 54.9
Slope of SIT 195.7 £ 70.7 53.5+494 43.1 £28.2
curve (%)
Slope decreasing rate 722 +£27.11 742 +£24.6
(%)

SImax maximum signal intensity, 7max time of maximum signal intensi-
ty, SIT signal intensity-time

osteoma nidus decreased markedly after treatment on follow-up exami-
nations. (The straight line represents the osteoid osteoma nidus and the
dotted line represents the superficial femoral artery)

significant decrease of slope of SIT curves and extension
of the Tmax values. Therefore, our results support that the
slope of the SIT curve and Tmax are the most important
parameters for predicting the long-term outcome of abla-
tive therapies for osteoid osteoma.

Although none of our patients had recurrence or unsuc-
cessful treatment procedure, depending on previously
published articles [15, 16] and results of current study,
we may assume that patients whose osteoid osteoma nidus
does not illustrate a decrease in slope of SIT curves or
extension in Tmax values on post-treatment MRI may
be a candidate for reablation.

Vanderschueren et al. [17] examined 86 osteoid osteo-
ma patients by CT after thermal ablation therapy and they
reported that 45 of 63 (71%) successfully treated osteoid
osteoma nidi completely ossified or decreased in diameter.
They also reported that 24% of osteoid osteoma nidi
remained stable in diameter. In our study, 16% of osteoid
osteoma nidi was not visible and 73% of all osteoid oste-
oma nidi were decreased in size on follow-up CT images.
Our results were similar to the results of an aforemen-
tioned study. Moreover, Vanderschueren et al. [17] evalu-
ated dynamic MRI findings of 18 patients before and after

@ Springer



1702

Skeletal Radiol (2019) 48:1697-1703

thermal ablation therapy. According to their results, the
authors suggested that an increase of delay time tends to
be associated with treatment success. In our study, treat-
ment success rate was 100%, and Tmax values were sig-
nificantly extended on both follow-up periods. Therefore,
our results were consistent with the authors’ suggestion.

RFA is the preferred treatment option for OO world-
wide, since its success and reliability have been proven.
There is no consensus on the follow-up program after
RFA treatment and many institutions apply their own
follow-up program, which consists of several examina-
tions for their patients. Our results revealed that there is
no significant difference on imaging findings between
follow-up periods. Therefore, we may suggest that rather
than conducting several examinations in follow-up of
RFA-treated OO patients, establishing a single dynamic
contrast-enhanced MR imaging may be sufficient in
follow-up for symptom-free patients due to its advantages
of including the most important parameters for long-term
outcomes and lack of ionizing radiation. This will elimi-
nate potential risks of radiation and gadolinium injection
for repeated CT and MR examinations, respectively, as
well as contribute to a reduction of costs. Further studies
with a large number of patients and different follow-up
periods are warranted.

Treatment-related changes may be confusing in terms of
imaging. It is important for radiologists to be accustomed to
the imaging findings of treated OO lesion and changes sec-
ondary to RFA procedure in time.

According to our clinical observations, the longer the
elapsed time after treatment, the less compliance of patients
to the follow-up program. In addition, there were no signifi-
cant differences for imaging findings between follow-up pe-
riods. Therefore, we think that recommendation of dynamic
contrast-enhanced MR imaging within first 3 months after
RFA treatment may be appropriate.

This study emphasized the predictive value of dynamic
MRI parameters for treatment success and underlined suf-
ficiency of single dynamic MR imaging after treatment
according to detection of insignificant differences be-
tween follow-up periods. The main limitations of our
study are retrospective design and small number of pa-
tients. Although there are many studies on outcomes of
RFA treatment for osteoid osteomas with a large number
of patients existing in the literature, this study has a
strength on representing alterations in imaging features
of treatment-related changes for osteoid osteoma. One
other limitation is the lack of uniformity in imaging times
for follow-up examinations. All patients were called for
follow-up examinations regularly. However, we encoun-
tered difficulties in adapting the patients to a follow-up
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program for various reasons. We aimed to overcome this
limitation by dividing the follow-up examinations into
two subgroups.

In conclusion, RFA is an effective and safe treatment
choice for osteoid osteomas. On follow-up imaging, the slope
of the SIT curve and Tmax have the most important positive
predictive value for long-term outcomes and single dynamic
contrast-enhanced MRI within the first 3 months after treat-
ment may be sufficient for symptom-free patients.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Kransdorf MJ, Stull MA, Gilkey FW, Moser RP. Osteoid osteoma.
Radiographics. 1991;11(4):671-96.

2. Motamedi D, Learch TJ, Ishimitsu DN, et al. Thermal ablation of
osteoid osteoma: overview and step-by-step guide. Radiographics.
2009;29(7):2127-41.

3. Hoffmann RT, Jakobs TF, Kubisch CH, et al. Radiofrequency ab-
lation in the treatment of osteoid osteoma-5-year experience. Eur J
Radiol. 2010;73(2):374-9.

4. Pinto CH, Taminiau AH, Vanderschueren GM, et al. Technical
considerations in CT-guided radiofrequency thermal ablation of
osteoid osteoma: tricks of the trade. AJR Am J Roentgenol.
2002;179(6):1633-42.

5. Rosenthal DI, Alexander A, Rosenberg AE, Springfield D.
Ablation of osteoid osteomas with a percutaneously placed elec-
trode: a new procedure. Radiology. 1992;183(1):29-33.

6. Rimondi E, Mavrogenis AF, Rossi G, et al. Radiofrequency abla-
tion for non-spinal osteoid osteomas in 557 patients. Eur Radiol.
2012;22(1):181-8.

7. Papathanassiou ZG, Petsas T, Papachristou D, Megas P.
Radiofrequency ablation of osteoid osteomas: five years experi-
ence. Acta Orthop Belg. 2011;77(6):827-33.

8. Rehnitz C, Sprengel SD, Lehner B, et al. CT-guided radiofrequency
ablation of osteoid osteoma: correlation of clinical outcome and
imaging features. Diagn Interv Radiol. 2013;19(4):330-9.

9. Lassalle L, Campagna R, Corcos G, et al. Therapeutic outcome of
CT-guided radiofrequency ablation in patients with osteoid osteo-
ma. Skelet Radiol. 2017;46(7):949-56.

10. Kulkarni SS, Shetty NS, Polnaya AM, et al. CT-guided radiofre-
quency ablation in osteoid osteoma: result from a tertiary cancer
centre in India. Indian J Radiol Imaging. 2017;27(3):318-23.

11. Pottecher P, Sibileau E, Aho S, et al. Dynamic contrast-enhanced
MR imaging in osteoid osteoma: relationships with clinical and CT
characteristics. Skelet Radiol. 2017;46(7):935-48.

12. Erlemann R, Reiser MF, Peters PE, et al. Musculoskeletal neo-
plasms: static and dynamic Gd-DTPA-enhanced MR imaging.
Radiology. 1989;171(3):767-73.



Skeletal Radiol (2019) 48:1697-1703

1703

13.

14.

15.

Abboud S, Kosmas C, Novak R, Robbin M. Long-term clinical
outcomes of dual-cycle radiofrequency ablation technique for treat-
ment of osteoid osteoma. Skelet Radiol. 2016;45(5):599-606.
Rheinheimer S, Gorlach J, Figiel J, Mahnken AH. Diffusion-
weighted MRI of osteoid osteomas: higher ADC values after radio-
frequency ablation. Eur J Radiol. 2016;85(7):1284-8.

Mahnken AH, Bruners P, Delbriick H, Giinther RW, Plumhans C.
Contrast-enhanced MRI predicts local recurrence of osteoid osteo-
ma after radiofrequency ablation. J] Med Imaging Radiat Oncol.
2012;56(6):617-21.

16.

17.

Teixeira PA, Chanson A, Beaumont M, et al. Dynamic MR imaging
of osteoid osteomas: correlation of semiquantitative and quantita-
tive perfusion parameters with patient symptoms and treatment out-
come. Eur Radiol. 2013;23(9):2602—11.

Vanderschueren GM, Taminiau AH, Obermann WR, van den Berg-
Huysmans AA, Bloem JL, van Erkel AR. The healing pattern of
osteoid osteomas on computed tomography and magnetic reso-
nance imaging after thermocoagulation. Skelet Radiol.
2007;36(9):813-21.

@ Springer



	Treatment-related alterations of imaging findings �in osteoid osteoma after percutaneous radiofrequency ablation
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Discussion
	References


