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Abstract Osteoid osteoma is the third most common type
of bone tumour. Radiofrequency ablation and other percu-
taneous procedures are the treatment of choice. However, in
some sites these methods are difficult or dangerous. Our
objective of this study was to evaluate whether open
resection and intraoperative nidus detection with a hand-
held gamma probe is an efficient method for treating this
type of tumour. Fifty-three patients with osteoid osteomas
were submitted to surgical treatment. The first group
(gamma group) consisted of 34 patients submitted to open
nidus resection guided by a hand-held gamma probe. The
control group consisted of 19 patients operated on by
conventional technique. In the postoperative period, histo-
pathology, imaging studies, and clinical outcome were
evaluated. The gamma group patients were followed up for
an average 26.2 months; the control group patients were
followed up for an average 38 months. There was no
difference with regard to pain relief and histopathology
findings between the two groups. However, in the postop-
erative imaging studies, there was significantly less nidus
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present in the gamma group (p=0.01).The gamma probe
helped to locate the osteoid osteoma nidus more precisely,
as demonstrated by the postoperative imaging studies.

Résumé L’ostéome ostéoide est la troisiéme tumeur
osseuse par ordre de fréquence. L’ablation par radio
fréquence et les autres procédés d’éxérése percutanée,
représentent le traitement de choix de ces tumeurs,
cependant, pour quelques sites, ces méthodes sont difficiles
voire dangereuses. Notre objectif est d’évaluer la possibilité
d’une résection a foyer ouvert avec détection per-opératoire
du nidus a l’aide d’une sonde a rayonnements gamma.
Matériel et méthode: 53 patients présentant une ostéome
ostéoide ont bénéficié de ce traitement chirurgical. Le
premier groupe (gamma groupe) représentait 34 patients
avec une résection a foyer ouvert guidé par sonde manuelle
gamma. Le groupe contrdle, 19 patients étaient opérés selon
la technique conventionnelle avec, dans la période post-
opératoire, examen histopathologique et évaluation clini-
que. Le groupe par détection sonde gamma a été suivi, en
moyenne, 26,2 mois et le groupe controle 38 mois.
Résultats: il n’y a pas de différences concernant la récidive
des douleurs et les constatations histopathologiques parmi
les deux groupes. Cependant, il y a de fagcon significative
moins de nidus présents dans le groupe gamma en post-
opératoire. En conclusion: la sonde avec rayonnement
gamma permet de localiser le nidus de I’ostéome ostéoide
de facon plus précise comme 1’a démontré notre évaluation
post-opératoire.

Introduction

Osteoid osteoma is the third most common benign bone
tumour. Its incidence is 11% among benign bone tumours
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and 3% among all primary bone tumours [6]. Osteoid osteoma
was initially described by Bergstrand in 1930 but only in
1935 was it recognised as a distinct entity [S]. Osteoid
osteoma is prevalent among children and young adults but
can be found in older individuals. It is more common in men.
Osteoid osteomas have been described in virtually all bones,
with the exception of the sternum, and more frequently in the
long bones, especially the proximal femur.

The diagnosis of osteoid osteoma is based on clinical,
radiographic, and scintingraphic findings. Frequently,
patients have pain for months or years until the lesion is
discovered. The classic radiographic presentation is of a
small geographic lesion no greater than 2 cm in diameter in
the cortical layer of the long bone. The lesion is surrounded
by intense reactive sclerosis. Bone scintigraphy is the best
method for localisation. The classic scintigraphic double
density appearance is very specific for osteoid osteoma and
is used as a guide for a dedicated computerised tomography
(CT) study [11]. There are descriptions of false negative
osteoid osteomas on scintigraphic images; however, these
are rare situations with no definite explanation. This may
occur when the nidus is smaller than 5 mm with minimal
reactive sclerosis [5] or in a patient previously submitted to
bone manipulation.

Osteoid osteomas can be treated with medication
because after 2 or 3 years the pain may subside with oral
nonsteroidal antiinflammatory drugs [12]. However, surgi-
cal treatment is very attractive because the pain disappears
immediately after surgery and the patient may then resume
their normal life. The most frequently performed surgical
technique is an en-bloc resection and nidus curettage with
or without local adjuvant [2, 23]. Some institutions prefer
percutaneous CT scan-guided thermal ablation of the nidus
with a radio frequency probe. However, this method should
not be used in the vicinity of neurovascular structures [22]
nor in bone extremities. In these situations, open resection
is the procedure of choice.

The major concern during an open osteoid osteoma
operation is the precise localisation and resection of the
nidus with minimal disruption of the surrounding tissues to
avoid complications [22]. The most important complication
is a bone fracture.

Several methods for localisation of the nidus have
been described in the literature. These consist of
resection of a bone segment or curettage based on
landmarks determined by a preoperative image (radiogra-
phy or CT) [25], after oral tetracycline with the identifi-
cation of the golden yellow fluorescent nidus seen under
ultraviolet light [1], and preoperative CT-guided needle or
Kirschner wire marks made on the bone surface near the
nidus [15].

This study is a retrospective cohort study that com-
pletes the series of a previous study [4]. We describe the
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use of an intraoperative hand-held gamma probe for precise
localisation of the osteoid osteoma nidus.

The objective of this study was to evaluate the efficiency
of resection of the osteoma osteoid nidus guided by a
gamma probe.

Materials and methods
Patient characteristics

Fifty-three patients who were submitted to surgical treat-
ment for osteoid osteoma were included in this study.
Thirty-nine patients were male and 14 were female with
ages ranging from 4 to 57 (mean 18.7) years. Patients were
divided into two groups. The first group, the “gamma-probe
group”, consisted of 34 patients operated on with the use of
a gamma probe as the intraoperative guide for nidus
localisation. The “control group” consisted of 19 patients
submitted to open resection with, at most, the use of
radiography or fluoroscopy as intraoperative guides for
nidus localisation. Lesions were more frequently located in
the inferior limbs, with the femur being the most involved
bone (Table 1).

Bone scintigraphy

Gamma-probe group patients were submitted to three-phase
bone scintigraphy for initial diagnosis of an osteoid osteoma.
A second bone scintigraphy was performed on the day of the
operation. Patients received an intravenous injection of
1,110 MBq of **™Tc-MDP (adult dose). The children’s doses
were adjusted according to weight. After 2—3 hours, a whole-
body scan and static images in the anterior, posterior, and
lateral positions were obtained in a camera—computer system
equipped with a low-energy, high-resolution collimator.

Table 1 Sites of distribution of osteoid osteoma in each group

Site Group

Gamma-probe Control

Humerus
Radius
Metacarpus
Spine
Pelvis
Femur
Tibia
Fibula
Talus
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Calcaneus
Cuboid
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Surgical procedures

All resections were performed in the operating theatre.
Gamma-probe group patients were escorted to the surgical
room after completion of bone scintigraphy. Patients
received general or spinal anaesthesia. When the lesion
was close to the bladder, urinary catheterisation was
performed due to the high levels of radioactivity in the
urine, which could interfere with detection of lesions. A
permanent ink mark was drawn over the skin area with the
highest radioactive counts to indicate the surgical approach.
The sclerotic bone over the nidus was resected with a high-
speed burr or an osteotome. The nidus was identified and
curetted. The nidus cavity was widened until its counts
decreased to the level of the counts of the sclerotic area.

In the control group, the surgical incision was based on
preoperative imaging studies, including radiographs or CT.
In some patients, intraoperative radiograph or fluoroscopy
was necessary to confirm the site of the nidus.

Patient follow-up

Both groups were compared according to postoperative
complications, postoperative imaging, clinical outcome,
and histopathology. The complications were classified as
minor or major.

Minor complications were those that did not cause
functional compromise. Major complications were defined
as causing functional compromise or those in which
surgical intervention was needed. Postoperative imaging
studies performed included radiographs, CT scan, and/or
three-phase bone scintigraphy. The studies were performed
to investigate the presence or absence of nidus. The clinical
outcome was determined by postoperative pain relief.
Histopathology studies were directed to identifying nidus
in samples.

Statistical analysis

Statistical analysis compared the results between control
and gamma-probe groups. For analysis of the follow-up, the
unpaired ¢ test was used. Fischer’s exact test was performed
for the analysis of complications, pain relief, radiological
images, and nidus detection on histopathology analysing a
contingency table.

Results

Table 2 displays the results. Mean follow-up was 30.5 (1-98)
months. Patients in the control group were followed-up for a
mean of 38 months (range, 3-98; median, 37). Patients in the
gamma-probe group were followed-up for a mean of
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Table 2 Absolute and relative results of tested parameters
Parameter Group p value
Gamma-probe Control
n % n %
Complication 3/34 8.8 3/19 7.6 0.650
Pain relief 32/34 94.1 14/19  73.6  0.083
Absence of nidus in 28/30 933 10/16  62.5 0.014
postoperative images
Nidus detected on 28/34 82.3 13/19 684 0317
histopathology
Total patients 34 100 19 100

26.2 months (range, 1-75; median, 21). There were no
significant differences between the follow-up time intervals
between the two groups (p=0.082).

Six complications were found in five patients. Compli-
cations in the gamma-probe group were slight limitation of
extension of the metacarpophalangeal joint, a postoperative
thigh haematoma, and a femoral shaft fracture. Three
complications were found in the control group: patellofe-
moral pain in one patient and femoral neck fracture
followed by avascular necrosis of the femoral head in one
patient. No significant correlation was found in the
complication rates between the groups (p=0.65).

Pain relief was more frequent in the gamma-probe
group; however, no significant difference was found
between groups (p=0.083).

Postoperative imaging was performed in 46 of the 53
patients. In the control group, 16 patients had postoperative
imaging and 30 patients in the gamma-probe group.
Significant differences between these two groups were
found comparing the postoperative images (p=0.014).
Nidus identification on histopathology was most commonly
seen in the gamma-probe group when compared to the
control group; however, this difference was not significant
(p=0.3175).

Discussion

Several articles and many case reports studying osteoid
osteomas have been published. The majority of these
studies are case series limited to the description of the
results of a specific surgical technique. The studies using
open surgical procedures are case series and fail to compare
nidus detection methods. The open procedure is still the
most frequently performed for resection of osteoid osteoma
by the general orthopaedic surgeon. Even with the use of
percutaneous procedures, open surgery will still be neces-
sary in some cases, for example, when the nidus is located
near vital structures or in bones of the extremities (Fig. 1).
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This study is a retrospective cohort study that completes the
series of a previous study [4], comparing two different
methods using the open procedure. The parameters consid-
ered were the incidence of complications, pain relief, and
postoperative images.

Some authors claim that there is no need for ancillary
methods to locate the nidus during open procedures [2, 24,
25]. However, one of these studies recommends en-bloc
resection of femoral neck and talar osteoid osteomas due to
difficulties in finding the nidus [25]. Hence, in open
procedures, intraoperative guides would be most often
indicated in these locations in order to perform economic
resection and avoid complications [1, 3, 8-10, 14-16, 18].

Bone scintigraphy followed by intraoperative nidus
detection with a hand-held gamma probe is the method
that combines at least three advantages—the procedure can
be performed in the vicinity of vital structures, with a lower
dosimetry in comparison to patients treated with CT scan-
guided procedures, and it can be done in the bones of the
extremities. The disadvantages are related to soft tissue and
bone damage.

In this study the operative procedure was performed
using a hand-held gamma probe, a method that makes the
intraoperative nidus detection easier. This approach pro-
vides surgical precision with the advantage of less
aggressive bone resection, preserving more bone tissue. In
this study, postoperative complications occurred in the first

Fig. 1 Athlete with chronic R
back pain radiating to the BONE
abdomen, relieved by antiin- T11
flammatory medication. a
Transaxial CT scan images
demonstrate a lesion in the left
posterior arch of T11 occupying
the left foramen. b Transaxial
MRI images show oedema
surrounding the lesion and the
posterior arch of T11. ¢ Bone
scintigraphy shows a focal area
of increased radiotracer uptake
in the left posterior arch of T11,
consistent with an osteoid oste-
oma. Percutaneous treatment
could not be performed in this
particular case due to proximity
with neural structures. The pa-
tient was submitted to resection
of the nidus with the use of the
gamma probe. d Transaxial CT
images showing complete re-
moval of the nidus. The patient
showed complete remission of
pain in the first few days post
surgery
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few months of follow-up in both groups, and there were no
differences between the two groups regarding complication
rates. The major complication in the gamma-probe group
occurred in the first cases operated on and can probably be
attributed to the learning curve.

Despite no significant difference in pain relief in the two
groups, all results were more favourable in the gamma-
probe group. These data, in conjunction with the significant
difference between the two groups comparing postoperative
images, may lead to the hypothesis that with a larger patient
population, a greater increase in pain relief could occur in
the gamma-probe group.

A positive correlation between histopathology and good
treatment results has been described [6, 19]. Positive
histopathological analysis is definitive proof that the nidus
was reached; however, it does not prove that it was
completely removed. The opposite is also true, i.e., a
negative histopathology does not mean that the nidus was
not removed. These situations may occur during sample
selection and processing [21].

Positive histopathology was noted in 68% of the control
group in comparison to 82% in the gamma-probe group.
Both rates obtained in this study are similar to our previous
study [4], but lower than other reports of open osteoid
osteoma resection in which histology was 100% positive [2,
10, 25]. However, these studies did not specifically mention
histological criteria of positivity. In this study, the positive
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histology (82.3%) was higher than the 70% obtained with
CT-guided radiofrequency ablation.

The images performed after surgery defined whether or
not the nidus was removed. They had a major impact on the
management of patients whose histology was negative,
because if the nidus was removed, a better clinical result is
expected. In this study, six patients (five gamma-probe
patients and one control group patient) had a negative
histological analysis, but the postoperative CT scan dem-
onstrated that the nidus had been resected and the patients
were pain free. The number of nidi resected in the gamma
group was significantly higher than in the control group.

Percutaneous radiofrequency ablation is a major contri-
bution to the treatment of osteoid osteoma that can be
performed by surgeons or interventional radiologists and is
a minimally invasive procedure. However, this method is
still unavailable in the majority of orthopaedic centres
around the world. It should also be noted that radio-
frequency ablation has a failure rate and in some instances
cannot be applied because of tumour location [13, 22]
(Fig. 1). The surgeon or radiologist must have experience
with needle trephine biopsy procedures [20]. Some com-
plications have been described with this method, such as
recurrence of the pain, reflex sympathetic dystrophy, and an
unfavourable clinical outcome [7, 17]. Such data explain
why the open procedure still has a wide range of indications
in osteoma osteoid treatment.

In this study, functional recovery time and incision
extension were not evaluated because it was technically
impossible to obtain this information in all patients from the
control group. The impression is that the incisions were
smaller in gamma-probe group patients with osteoid
osteoma of the limbs. Smaller incisions may lead to a
faster functional recovery.

Bone scintigraphy followed by intraoperative nidus
detection with a hand-held gamma probe gives the surgeon
precision when resecting osteoid osteomas. It is a good
choice when percutaneous radiofrequency ablation is not
available or cannot be performed (Fig. 1). The hand-held
gamma probe helps locate the osteoma osteoid nidus more
precisely than the standard open procedure. However, this
technique requires a learning curve just as any other
surgical procedure.
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