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Osteoid osteoma (OO) is a benign, bone-forming 
tumor. The incidence is 2-3% of all primary bone 
neoplasms and 10-20% of benign bone tumors.[1] 
Osteoid osteoma generally appears as a single, 
round lytic lesion (nidus) smaller than 2 cm. It 
is surrounded by a sclerotic bone area in the 
metaphysis of a long bone[2] Typically, radiography, 
computed tomography (CT), magnetic resonance 
imaging (MRI), and technetium-99m bone scans are 
used for imaging. Computed tomography is a very 
good imaging method for OO, clearly showing nidus 
and reactive bone sclerosis.[3]s

Previous studies have reported OOs in 
many bones. Typical localizations of OOs are 
the long bones of the lower extremities (femur 
and tibia), which account for about 50-60% of 
cases.[4,5] Approximately 10% of OO cases are in the 
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vertebrae.[6-8] Other localizations have been defined 
as atypical.[6,9] However, still no consensus has been 
reached on this topic.

The most commonly used technique for the 
definitive treatment of OO lesions in recent years 
is percutaneous CT-guided radiofrequency ablation 
(RFA).[10,11] However, percutaneous treatment has 
some limitations. The process lasts for four to six min, 
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the temperature rises up to 90 degrees during 
this time,[12-14] and hyperthermia in the surrounding 
tissues may occur. Therefore, percutaneous treatment 
should be avoided in lesions close to neurovascular 
structures, in localizations with low soft tissue 
support, and in regions close to the articular 
cartilage.[14,15]

In this study, we aimed to evaluate traditional 
open surgery results of OOs in atypical localizations 
and explore whether open surgery can be a safe 
alternative in localizations where RFA may not be 
suitable.

PATIENTS AND METHODS

In this study, 26 patients (20 males, 6 females; mean 
age 23.3±14.2 years; range, 4 to 65 years) diagnosed 
with OO between January 2008 and January 2017 
and treated with traditional open surgery at the 
Karadeniz Technical University Faculty of Medicine 
were retrospectively examined. Osteoid osteoma 
diagnosis was achieved with patient history and 
radiographic imaging X-ray, CT, MRI, and bone 
scintigraphy. Radiological imaging was carried out 
by an experienced radiologist at Karadeniz Technical 
University. The imaging results were analyzed, 
and an appropriate skin incision was planned. 
Osteoid osteomas in areas other than the femur 
and tibia are accepted as atypical.[4-9] The study 
protocol was approved by the Karadeniz Technical 
University Faculty of Medicine Ethics Committee 
(Ref No: 2017-213). A written informed consent 
was obtained from each patient. The study was 
conducted in accordance with the principles of the 
Declaration of Helsinki. The study inclusion criteria 
were as follows: patients with a follow-up time of at 
least one year, patients treated with traditional open 
surgery, patients histopathologically diagnosed with 
OO, and patients who underwent surgery at the 
orthopedics clinic and had an atypical localization. 
The pathological analysis was carried out by an 
experienced pathologist working at Karadeniz 
Technical University. The exclusion criteria were as 
follows: patients who underwent surgery at another 
clinic, patients without a follow-up time of at least 
one year, and patients who missed the first-year 
check-up.

All patients were evaluated in terms of age, 
sex, pre- and postoperative visual analog scale 
(VAS) scores, bone localization, relationship to the 
joint, pathological results, nidus localization, and 
complications. Postoperative VAS was evaluated in 
the postoperative first year. All surgical treatments 
of the patients were carried out by a surgical 

team working in the same clinic. All surgeries 
were carried out using the traditional open 
surgery method. The patients were prepared with 
general or regional anesthesia. The anatomical 
localization of the lesions was determined with 
preoperative imaging techniques prior to the 
surgery. Intraoperative C-arm fluoroscopy was 
used. Cortical lesions were removed with the 
technique described by Campanacci[16] and sent for a 
histopathological examination. For intramedullary, 
intraarticular, and juxtaarticular lesions, the region 
cortex determined by imaging techniques was 
reached by opening a window with the help 
of an osteotome, and the lesion was sent for a 
histopathological examination.

None of the patients used plaster or splint in the 
postoperative period. The joint movements following 
the excision of both upper and lower limb lesions 
started on the first postoperative day. All patients 
were mobilized within the first postoperative day. 
Patients who had undergone upper limb surgery 
were hospitalized for one day, and those who had 
undergone lower limb surgery were hospitalized for 
three days. For the lower extremity areas, partial 
weight was immediately allowed with crutches, and 
full weight was allowed at the end of the fourth week. 
The extremities of the patients treated in the femoral 
neck area were given a partial load for three weeks. 
The load was gradually increased to give full load in 
the sixth week.

All patients were clinically, radiologically, 
and histopathologically diagnosed with OO. Pain 
was significantly reduced postoperatively in all 
patients.

Statistical analysis

IBM SPSS version 22.0 was used (IBM Corp., 
Armonk, NY, USA) for the statistical analysis of 
research data. The categorical variables were presented 
as number and percentage, and the continuous 
variables were presented as mean±standard deviation 
and median (the smallest and the biggest values) 
in the descriptive statistics. The severity of pain 
was compared using VAS with the Wilcoxon test 
preoperatively and in the first postoperative year. A 
p value of 0.05 was considered to indicate statistical 
significance.

RESULTS

The preoperative VAS score was 4.8±1.1 (range, 3-7), 
while the postoperative first year VAS score was 
0.2±0.5 (range, 0-2) (p<0.005) (Table I). Patients with 
VAS values “1” and “2” did not have complaints of 
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OO in atypical localizations. Therefore, it was not 
considered as a complication. This study concluded 
that patients had mild pain due to the surgical 
procedure.

The most common involvement rates were 40.7% 
(n=37) for the femur and 30.7% (n=28) for the 
tibia. The total involvement rate of these two 
localizations was 71.4% (n=65). A total of 26 (28.6%) 
atypical localizations were assessed, including two 
in the radius (2.2%) (one-third proximal, one-third 
distal), two in the ulna (2.2%) (one-third distal), 
three in the phalanges of hand (3.3%) (two-fifth 
finger proximal and one-fourth finger distal), one 
in the metacarpal bone (1.1%) (second metacarpal), 
one in the scaphoid (1.1%), five in the fibula (5.5%) 
(one one-third proximal and four one-third distal), 
four in the phalanges of foot (4.4%) (first finger 
distal, second middle, second distal, and third 
proximal), one in the metatarsal bone (1.1%) (third 
metatarsal), one in the cuboid (1.1%), two in the 
calcaneus (2.2%), one in the lateral cuneiform (1.1%), 
one in the iliac (1.1%), one in the pubis (1.1%), and 
one in the vertebrae (1.1%) (Table II).

Surgical complications, such as injury, infection, or 
wounds, in neurovascular structures did not occur in 
any of the patients (Table III).

The localization of atypical OOs in the nidus 
was as follows: 14 intracortical, six endosteal, and 
six medullary. Subperiosteal localization was not 

TAbLE I
Patients’ demographic characteristics and results (n=26)

Variable n % Mean±SD Range

Age (year) 23.3±14.2 4-65
Sex

Female

Male

6

20
Visual analog scale

Preoperative

Postoperative

4.8±1.1

0.2±0.5

3-7

0-2
Relationship with the joint

Yes

No

2

24
Pathology Osteoid osteoma

(central nidus, surrounding new bone formation)
Nidus localization

Intracortical 

Endosteal

Medullary

Subperiosteal

14

6

6

0
Complication No
Clinical success 100
Technical success 100
SD: Standard deviation.

TAbLE II
Distribution of typical - atypical localizations determined in 

the study according to the bones (n=91)

Characteristic n %

Typical localization 65 71,4
Femur 37 40.7
Tibia 28 30.7

Atypical localization 26 28.6
Radius 2 2.2
Ulna 2 2.2
Metacarpal bone 1 1.1
Scaphoid 1 1.1
Phalanges of hand 3 3.3
Fibula 5 5.5
Calcaneus 2 2.2
Cuboid 1 1.1
Lateral cuneiform 1 1.1
Metatarsal bone 1 1.1
Phalanges of foot 4 4.4
Iliac 1 1.1
Pubis 1 1.1
Vertebrae 1 1.1
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detected in patients with atypical localization 
(Figure 1).

DISCUSSION

The present study demonstrated that traditional open 
surgery is safe in 26 patients with OOs in atypical 
localizations, and there was no complication.

Radiofrequency ablation yields perfect results in 
several localizations. However, RFA is not suitable 
for regions with low soft tissue support and those 
near neurovascular structures. The present study 

suggested that traditional open surgery was a safe 
alternative for regions in which RFA complications 
are more and where RFA treatment is not possible, 
such as carpal bones, distal ulna, hand, and foot.[17]

The first major series on the localization of 
atypical OO was carried out by Akhlaghpour et 
al.[6] using RFA. Twenty-one atypical localizations 
were defined in this series. In the present study, 
26 atypical localizations were determined. In the 
study by Akhlaghpour et al.,[6] the talus localizations 
were the most common of atypical localizations 

TAbLE III
Summary of demographic and clinical characteristics of atypical localizations

Patient Age/Sex Bone localization Relationship with 
the joint

VAS
Preop/Postop

Nidus 
localization

Upper extremity

1 34/M Ulna one-third distal No 5/0 Intracortical

2 56/M Ulna one-third distal + 4/0 Intracortical

3 4/M Radius one-third distal No 4/0 Intracortical

4 65/M Radius one-third proximal No 4/0 Endosteal

5 47/M Scaphoid + 4/0 Intracortical

6 39/F 2th metacarpal No 4/2 Endosteal

7 18/F 5th finger proximal phalanx No 4/0 Medullary

8 24/F 4th finger distal phalanx No 4/0 Endosteal

9 18/F 5th finger proximal phalanx No 5/0 Medullary

Lower extremity 19/M

10 13/M Fibula one-third proximal No 4/1 Intracortical

11 13/M Fibula one-third distal No 3/0 Intracortical

12 15/M Fibula one-third distal No 7/0 Intracortical

13 16/M Fibula one-third distal No 4/0 Intracortical

14 12/M Fibula one-third distal No 7/0 Intracortical

15 14/M Calcaneus No 6/0 Medullary

16 27/F Calcaneus No 3/1 Endosteal

17 25/M Cuboid No 4/0 Medullary

18 17/M Lateral cuneiform No 5/0 Endosteal

19 24/M 2th finger middle phalanx No 5/0 Intracortical

20 20/M 3rd finger proximal phalanx No 7/0 Intracortical

21 19/M 1st finger distal phalanx No 5/0 Endosteal

22 13/F 2th finger distal phalanx No 4/0 Medullary

23 3rd metatarsal No 6/1 Intracortical

Pelvis

24 20/M Ileum No 5/0 Intracortical

25 12/M Pubis No 6/0 Intracortical

Vertebra

26 23/M L3 No 5/1 Medullary

VAS: Visual analog scale.
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with eight cases (6%). No talus localization was 
determined in the present study. The most common 
atypical localization was the fibula with five cases 
(5.5%). The atypical localization distribution in the 
present study was more balanced.

Successful results were reported on different 
atypical localizations with the traditional open 
surgery. No early or late complications were noted. 
Hamdi et al.[15] applied traditional open surgery to 
17 patients with OO, all with atypical localization. 
They reported perfect results in all patients and 
no recurrences or complications. As a result, they 
concluded that open surgery was the most suitable 
approach in the treatment of OO.

The surgical treatment of OO is the removal 
of the nidus.[18] The traditional treatment is the 
removal of the nidus by en bloc resection or 
curettage.[1] In addition, CT-guided percutaneous 
RFA has become the primary treatment option 
since the 1990s.[7,11,19] The percutaneous treatment 
has some advantages, including minimal surgical 
scars, short operation time, fast healing, short 
hospitalization, and reduced costs.[7,19] However, 
the percutaneous treatment also has its limitations. 
It should be avoided in small bones, in areas 
with low soft tissue support, and in localizations 
close to neurovascular structures or articular 
cartilage.[14,15,20] Rachbauer et al.[21] showed that RFA 

TAbLE IV
Results of osteoid osteoma case series with traditional open surgical treatment

Study Surgical procedure n Localization Success rate (%) Complication

Ward et al.[3] TOS (curettage/

en bloc resection)

15/4 Mixed 100 No

Rosenthal et al.[27] TOS/RFA 68/33 Mixed 91/88 Six unsuccessful treatments, 
one PCL rupture, and one sciatic 
nerve injury

Campanacci et al.[16] TOS (curettage/

en bloc resection)

89/8 Mixed 100 No

Yildiz et al.[29] TOS 110 Mixed 95 No

Sluga et al.[28] TOS (curettage/

en bloc resection)

81/25 Limbs 85/86.5 Eight unsuccessful treatments, 
two tibial fractures/
one unsuccessful treatment, 
one infection, and one fracture 
(undefined)

Yang  et al.[26] TOS 20 Mixed Undefined Three unsuccessful treatments

Hamdi et al.[15] TOS 17 Atypical-hand 100 No

Present study TOS 26 Atypical-mixed 100 No

TOS: Traditional open surgery; RFA: Radiofrequency ablation; PCL: Posterior cruciate ligament.

FIGURE 1. Images showing nidus of atypical osteoid osteoma 
lesions in various locations. (a) Patient no. 18: 25 years old, 
male, X-ray and computed tomography (CT) image, lateral 
cuneiform, endosteal nidus. (b) Patient no. 19: 17 years old, 
male, X-ray and CT image, second finger middle phalanx, 
intracortical nidus. (c) Patient no. 5: 47 years old, male, X-ray 
and CT image, scaphoid, intracortical nidus.

(a)

(b)

(c)
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applied for six min to cattle cadavers was effective 
in an area of 1 cm in the cortical bone and 3 cm in 
the spongious bone, and that the temperature of 
the surrounding tissues increased up to 50 degrees. 
Hence, it was suggested that the complication risk 
of RFA application might increase in areas with 
atypical localizations.

Many studies reported skin burn, necrosis, and 
numbness as the complications of RFA, which is the 
most popular current treatment option. Although 
these complications are rare in major series, they 
are important for patients. Rimondi et al.[22] reported 
skin burn as a complication in a patient with 
proximal tibial metaphyseal localization. Similarly, 
Vanderschueren et al.[23] reported skin and fat 
necrosis in a patient with tibial localization after 
RFA. Lindner et al.[24] reported skin burns in a patient 
with tibial localization after RFA. In a study on 
atypical localizations, Akhlaghpour et al.[6] reported 
skin burns in a patient with phalanx localization. 
Oç et al.[25] reported that two of 87 patients exhibited 
second-degree skin burns in the anterior part of the 
tibia and one patient with metacarpal localization 
experienced numbness. Based on these data, 
traditional open surgery may be recommended as 
the primary treatment, particularly in localizations 
having insufficient soft tissue support, localizations 
close to neurovascular structures, and some atypical 
localizations.

The treatment of OO with traditional open 
surgery has been evaluated by many studies. Some 
studies reported unsuccessful results for up to 
30% and criticized open surgery due to the long 
hospitalization duration.[17,18,26] Rosenthal et al.[27] 
compared traditional open surgery with RFA and 
reported recurrence in six patients, posterior cruciate 
ligament damage in one patient, and sciatic nerve 
damage in one patient as complications in the open 
surgery group. Sluga et al.[28] reported recurrence 
in nine of 106 patients undergoing traditional open 
surgery, fractures in three patients, and an infection 
in one patient. In contrast, some studies reported 
no recurrences and complications after traditional 
open surgery. Ward et al.[3] reported perfect results 
in their study carried out with 19 patients treated 
with traditional open surgery. They did not report 
any complications. Campanacci et al.[16] reported 
100% success and did not report any complications 
in their study on 97 patients treated with traditional 
open surgery.

Furthermore, Yildiz et al.[29] reported no 
complications in their study carried out with 110 
patients treated with traditional open surgery. Also, 

in the present study, no recurrence or complications 
were noted in any of the regions (Table IV). The data 
showed that low complication ratios, low recurrence 
ratios, reasonable hospitalization durations, and 
high clinical success were possible with traditional 
open surgery in atypical regions. Therefore, careful 
planning was the most important step.

The first limitation of this study was that all 
patients were treated with traditional open surgery. 
Second, the study was carried out retrospectively. 
Third, the study included no RFA comparison group. 
Fourth, the patients’ data were evaluated at the 
end of the first year. The patients might have 
had a recurrence and applied to another clinic. 
Comparative studies with prospective, larger patient 
groups are needed to draw a better conclusion.

In conclusion, although percutaneous RFA is 
the preferential treatment method in typical OO 
localizations, perfect clinical results can be achieved 
with traditional open surgery in atypical localizations. 
Therefore, this study shows that traditional open 
surgery may be a safe alternative for regions in 
which RFA complications are more and where RFA 
treatment is not possible. In these localizations, 
traditional open surgery can be recommended as the 
first treatment choice.
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