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Abstract 

Objectives: Osteoid osteoma (OO) is one of the most common benign bone tumors and can occur in 
various skeletal structures. It often presents with symptoms, such as nocturnal pain, which may mimic 
constitutional conditions, and it is characterized by a distinct radiological appearance that allows for 
easy differentiation from other lesions. Over the past decade, numerous studies have evaluated the 
efficacy of both surgical and radiological interventions for treating OO. While several treatment methods 
are available, each carries distinct advantages and disadvantages. This study aims to report the 
outcomes of surgical resection for ocular (OO) lesions.  

Methods: A total of 29 patients were enrolled in this study. Of these, 14 patients chose surgical resection as their 
primary treatment, while 15 patients opted for radiofrequency (RF) ablation. Three patients who exhibited a lack of 
response to RF ablation subsequently underwent surgical resection, bringing the total number of patients in the 
surgery group to 17. This study specifically focused on lesions located in the peritrochanteric region. For lesions that 
recurred at the same site, whether due to recurrence or lack of response to initial treatment, the same treatment 
modality used in the first instance was applied. 

Results: Among the 17 individuals who initially underwent surgical resection, 11 had extracapsular lesions, and 6 
had intracapsular lesions. All patients who underwent surgical resection became symptom-free, and no 
complications were observed during the procedure. Furthermore, all cases that received surgical resection were 
confirmed through pathological assessment. Additionally, three patients with extracapsular lesions had previously 
been treated with RF thermoablation but had not fully recovered from their symptoms, necessitating surgical 
resection. 

Conclusion: Based on the results, although RF is the first choice of treatment for OO, surgical resection could be 
a vital and safe option for peritrochanteric OO. 

        Level of evidence: IV 
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Introduction

steoid osteomas (OOs) account for approximately 
10% of all primary benign bone tumors in both 
children and adults, representing 10-12% of benign 

tumors and 2-3% of all primary bone tumors.1 These 
tumors are typically located in the long tubular bones, 
including the head and neck regions of the femur. In more 

than 50% of cases, they are found on the cortical surface of 
the diaphysis of the tibia or femur.2 OOs are most 
commonly observed in the proximal femur in children.3 
Less frequently, they occur in the axial skeleton and have 
even been reported in the cortical bone of the external 
auditory meatus.4 The most common symptom of OO is 
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nocturnal pain, which often improves with anti-
inflammatory medications. The intense pain associated 
with tumor progression typically intensifies at night. 

Histologically, patients with OO exhibit a small nidus of 
osteoblasts and osteoid, positioned over several 
millimeters, and surrounded by a peripheral arterial and 
neural supply.5,6  

This tumor, which follows a specific progression pattern, 
predominantly occurs in young adults and adolescents. OO 
is most commonly seen in individuals under the age of 50, 
with a higher incidence in men than women. Diagnosis 
typically occurs during the second decade of life.7 

Many patients with OO can manage pain with analgesics. 
However, as pain intensifies due to disease progression, 
accompanied by insomnia, many seek definitive 
treatment through surgical resection. While 
radiofrequency (RF) is considered the optimal treatment 
for OO, surgery may be required in some cases. 
Indications for open surgery include lack of response to 
RF, proximity to the joint or articular surface, 
involvement of small bones such as those in the hands and 
feet, involvement of the axial skeleton, and patient 
preference.8,9 

Several challenges are associated with lesion 
localization during surgery, which can limit surgical 
success and have led to the development of various 
imaging-guided, minimally invasive treatments and 
interventions. In surgical resection, distinguishing 
normal bone from the tumor area is difficult, 
necessitating accurate methods for tumor localization. 
While computed tomography (CT) is the preferred 
diagnostic modality, it is not always available 
intraoperatively. Therefore, the tumor should either be 
visualized with fluoroscopy using a C-arm during surgery 
or marked preoperatively with CT. 

In general, the most recommended treatments for OO 
include complete tumor removal through surgical 
resection, percutaneous excisional techniques with or 
without ethanol instillation, and radiofrequency (RF) 
ablation. However, some studies have reported the 
spontaneous healing of tumors following medical 
treatment with anti-inflammatory drugs and 
nonsteroidal anti-inflammatory drugs (NSAIDs).10-12 

In this study, we aimed to review the children with 
peritrochanteric osteonecrosis (OO) whom we treated, as 
well as assess the effectiveness of our surgical method in 
patients without prior radiofrequency (RF) ablation, to 
gain further insights into its efficacy. We hypothesize that 
surgery may serve as a viable alternative to RF under 
certain conditions, such as financial constraints, patient 
preference, or the presence of intracapsular lesions. 

Materials and Methods 
This study was designed as a case series, presenting 

information about the included patients. A total of 29 
patients were referred to our clinic with suspicious OO 
lesions, of whom 14 opted for surgical intervention over the 
RF treatment course. The remaining 15 patients chose RF as 
their therapeutic approach, and three patients who had an 
inadequate response to RF were treated with surgical 
resection. Thus, the total number of patients in the surgery 

group was 17. 
Herein, we describe 17 children with OO located in the 

head and neck regions of the femur. Based on the precise 
tumor location, 11 cases were extracapsular at the level of 
the lesser trochanter, just below the insertion of the 
iliopsoas tendon. At the same time, the remaining patients 
had intracapsular tumors just above the lesser trochanteric 
zone [Table 1]. 

 
Table 1. Gender distribution of the patients 

 Extracapsular lesion Intracapsular lesion 

Boy 6 4 

Girl 5 2 

 
Clinical cases were selected from 2012 to 2019, with 

patients ranging in age from 4 to 11 years and a minimum 
follow-up of 2 years, extending up to 8 years. The age 
distribution of the children, along with details of each 
patient's sex and the specific location of the osteoid lesion, is 
shown in [Table 2]. 

 
Table 2. Age distribution of cases by years 

 Extracapsular Lesion Intracapsular Lesion 

Boy 5,6,7,8.5,9,11 5,6,8,9 

Girl 4,5.5,6,8,9 6,8 

 
We recommended either surgical intervention or RF 

ablation therapy. For patients with intracapsular lesions, we 
proposed surgical intervention from the outset Figures 1 
and 2, while those with extracapsular lesions were given the 
choice between surgery and radiofrequency (RF) ablation 
[Figures 1 and 2]. Of the 11 cases with extracapsular 
involvement, three underwent RF ablation therapy. One 
patient did not experience complete recovery after RF 
ablation, as symptoms persisted despite treatment. 
Consequently, we performed surgical intervention but did 
not initially confirm the OO diagnosis. Pathological 
assessment revealed the lesion to be infectious, 
necessitating a wider surgical resection followed by a broad-
spectrum antibiotic therapy protocol for osteomyelitis, 
which ultimately alleviated the patient's clinical symptoms 
[Figure 3]. The other two patients did not recover following 
one or two RF ablation treatments, respectively, but showed 
full recovery after surgical resection. 

Among the patients with extracapsular lesions, two were 
marked with Kirschner wires before surgical resection 
under local anesthesia and fluoroscopic guidance from the 
lateral approach at the nidus area. However, due to imaging 
challenges with radiology and C-arm, the approach was 
switched to a medial one to ensure complete resection of the 
tumoral bed [Figure 4]. Additionally, RF ablation was not 
performed on the six patients with intracapsular lesions, as 
it may cause synovitis and cartilage loss. For patients who 
were less cooperative or younger than six years old, a spica 
or broomstick cast was applied for three to four weeks to 
minimize the risk of fractures. Postoperatively, no NSAIDs 
were prescribed, and there were no incidents of recurrence, 
fractures, or avascular necrosis in any of the cases. 
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Figure1. A seven-year-old boy with an extracapsular proximal femoral osteoid osteoma underwent resection through a medial approach between the 
adductor longus muscle and the gracilis muscle. A) Preoperative CT scan of the pelvis demonstrating the pathology in the medial proximal cortex. B) 
Patient’s right thigh in the surgical field. The Adductor Longus and Gracilis muscles are marked on the skin. C) Superficial approach between the 
Adductor Longus and Gracilis muscles. D) Deeper approach between the Adductor Brevis and Adductor Magnus muscles. E) Intraoperative 
fluoroscopy for evaluation of the surgical approach. F) Postoperative fluoroscopy 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. A nine-year-old girl who underwent resection without any prior marking. A) Preoperative X-ray of the left proximal femur. B) Preoperative 
CT scan of the left proximal femur. C) Intraoperative fluoroscopy 

 
 
 
 
 
 
 
 
 
 
 
 
 Figure 3. A patient who was first misdiagnosed with osteomyelitis. CT-scan guided biopsy approved Osteoid Osteoma, and multiple failures 

of radiofrequency ablations made us do the surgical resection. A and B) Preoperative MRI of the pelvis. C and D) Preoperative CT scan. E) 
X-ray of the proximal femur two months postoperatively 
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Figure 4. An eight-year-old boy with an intracapsular lesion in the proximal femur underwent resection, and CT-guided marking was performed to 
facilitate the procedure. A) Preoperative pelvis MRI demonstrating the intracapsular lesion in the medial proximal femur of the left side. B) 
Preoperative CT scan of the left hip. C) CT-guided marking before the operation. D) Postoperative fluoroscopy 

 
 

Medial Surgical Approach Description 
  The patient lies in a supine position on a radiolucent table. 
In the first step, the affected limb is placed in a figure-of-four 
position to facilitate the medial approach. A 4 cm incision is 
made on the medial proximal aspect of the thigh, and the skin 
and percutaneous tissues are dissected. In the superficial 
layers, the approach is performed between the adductor 
longus and gracilis muscle intervals, and in the deeper layers, 
between the adductor brevis and adductor magnus muscle 
intervals. Caution is necessary around the superficial and 
deep branches of the obturator artery. As the approach 
progresses, the medial aspect of the proximal femur is 
reached. If the lesion is located beneath the iliopsoas tendon 
insertion, as in extracapsular lesions, we excise the lesion 
using a subperiosteal approach under C-arm guidance 
[Figure 1]. Suppose the lesion is intracapsular within the 
supra-lesser trochanteric region. In that case, we first shave 
the iliopsoas tendon insertion from the lesser trochanter and 
then proceed with a longitudinal incision over the capsule to 
expose the lesion under C-arm guidance. Care must be taken 
to avoid damaging the medial circumflex artery, which 
passes just medial to the capsular incision. At the end of the 
procedure, the iliopsoas tendon is reattached at its insertion 
site. Long-term follow-up results showed that this procedure 
did not affect the function of the iliopsoas muscle, which 
serves as the hip flexor. 

Inclusion Criteria 
  In this study, we included all patients with diagnostic 
evidence of osteoid osteoma. This evidence included 
nocturnal pain, a dramatic reduction in pain after taking 
NSAIDs, and the presence of a visible nidus lesion (<1 cm) on 
CT scans.  
  In all cases, pain was localized to the anterior portion of the 
thigh or the prearticular knee joint, except for one patient 
with an extracapsular lesion who reported unspecified leg 
pain. All patients exhibited some degree of limping. 

 

Exclusion Criteria 
  Patients with OO lesions located outside the proximal 
femur, as well as those in whom clinical symptoms or 
imaging suggested alternative diagnoses, were excluded 
from this study. Additionally, patients who did not consent to 
participate were also excluded from the study. 

Ethics 
  The Institutional Review Board (IRB) at our university 
reviewed and approved our study protocol, confirming that 
it raised no ethical concerns. Additionally, an informed 
consent form was designed to collect data from each patient, 
which was signed by the parent(s). 

Results 
We enrolled 17 patients in this study. Among them, 11 

had extracapsular OO lesions in the peritrochanteric 
region, while six presented with intracapsular lesions in 
the same zone. Patients were divided into two groups 
based on their preference, the location of the lesion, and 
any prior treatments they had received to address the 
tumor. All patients with intracapsular lesions underwent 
surgical resection and experienced full recovery 
postoperatively. Surprisingly, three patients who 
underwent RF ablation therapy experienced a recurrence 
of nocturnal pain in the same region. Further evaluation 
revealed remnants of the osteoid lesion and failure of RF 
ablation in two of these patients, who then underwent 
another round of RF ablation but did not fully recover. They 
were ultimately relieved of their symptoms following 
surgical resection. One of these patients, however, did not 
recover despite multiple courses of RF ablation. Open 
biopsy and pathological assessment revealed an infectious 
source in this case. Based on the microbiologic 
antibiogram, the patient received a course of broad-
spectrum antibiotic therapy and has remained symptom-
free to date. 
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Discussion 
  Osteoid osteomas (OOs) frequently occur in the proximal 
femur. Campanacci reported a prevalence of 25.4% for this 
phenomenon3, which underscores the need for the present 
study. The advantage of our research lies in its specific focus 
on the proximal femur. Many previous studies in this field, 
whether using drilling, thermoablation, or other surgical 
methods, have not differentiated between lesions in the 
proximal femur and those in different locations. 
  The primary goal in treating osteoid osteoma (OO) is to 
identify and completely remove the nidus. Once the nidus is 
entirely excised, the patient will experience immediate relief 
from pain. Therefore, surgical intervention is preferred over 
conservative treatment, which may require NSAID use for a 
period ranging from six months to three years.13 There is no 
need to remove all the surrounding thickened bone, as 
minimal bone resection ensures there is no significant bone 
defect or subsequent instability. In some cases, particularly 
based on the patient's age or the size of the nidus, we 
immobilize the patient with a cast for a short period.14 
  There are alternative percutaneous methods for treating 
patients with osteoid osteoma (OO). The outcomes of RF 
thermoablation have been reported as acceptable, with 
recovery rates of 97% and 92% as reported by Neumann et 
al.15  and Hoffman et al.,16 respectively. Rosenthal et al.17  
reported a recurrence of the nidus in seven out of 74 cases of 
femoral OO, while Hoffman et al. did not report any cases of 
recurrence.16 Although RF ablation has a remarkable success 
rate, recurrence is not uncommon, and several patients in 
this study experienced recurrence or a lack of response to RF 
ablation. 
  Results of laser ablation have also been promising, with 
Gangi et al.18 and Roqueplan et al.19 reporting total recovery 
rates of 99% and 96%, respectively. However, these studies 
noted several minor complications. Etienne et al. identified 
broken RF instruments and skin burns as the most common 
complications of RF therapy,20,21 while Roqueplan et al. 
reported nerve injury and tendinitis.19 In addition to 
cutaneous damage induced by RF, some cases of cellulitis 
developed within two weeks after RF treatment at the probe 
application site, which resolved spontaneously with a 
routine course of oral antibiotics. Despite these potential 
adverse effects, RF's non-invasive nature, lack of need for 
anesthesia, and absence of surgical scars have contributed to 
its increasing popularity. Studies by Rosenthal et al.22and 
Cribb et al.,23  with sample sizes of 45 and 117 patients 
undergoing RF ablation of OO lesions, demonstrated that RF 
yielded better outcomes in primary OO compared to 
recurrent OO, particularly in extra-vertebral lesions.22,23 
Notably, none of our cases experienced recurrence or 
complications. 
  Another approach to treating osteoid osteoma (OO) is CT-
guided excision. Wang et al. reported successful outcomes in 
100% of cases in a series of 26 patients with OO in various 
locations.24 One significant disadvantage of CT-guided 
excision is the lack of perioperative CT guidance, which is 
necessary for confirming complete tumor excision. 
Rajasekaran et al. emphasized the use of this technique, 

particularly for the proximal femur, and suggested that 
confirmation of complete resection can be achieved through 
3D reconstructions.25,26 
  In our country, RF ablation therapy is not covered by 
insurance due to financial policies regarding specific 
medications. Additionally, RF ablation, being a contemporary 
and advanced technique, is not available in all clinics and is 
primarily limited to referral institutions. Therefore, surgical 
resection appears to be a more favorable approach, given its 
wider availability and insurance coverage for the associated 
costs. 
  During the study, we observed that two patients did not 
respond to RF therapy; none of their symptoms were 
completely alleviated, even after repeating the RF course. In 
contrast, all patients who underwent surgical resection 
achieved 100% symptom resolution. Unlike RF therapy, 
surgical resection allows for confirmation of the diagnosis 
through pathological assessment. 
  Surgery was performed with a minimal medial approach 
incision, resulting in very low morbidity and no additional 
complications.  
  It is essential to note that RF therapy can lead to synovitis 
and cartilage loss in intracapsular lesions. Therefore, we 
recommend performing surgical resection at the outset of 
treatment for such cases to minimize the risk of iatrogenic 
complications. 

Limitation 
  The primary limitation of this study was the relatively small 
sample size compared to similar studies in the literature. 
Additionally, we may not have had sufficient data to 
thoroughly compare the two methods based on previous 
studies; however, we made efforts to obtain accurate results 
with the available data. Lastly, patients were not randomly 
assigned to surgery or RF groups, and their preference was 
the determining factor, which introduces potential selection 
bias. 

Conclusion 
RF ablation therapy is increasingly chosen as an 

alternative treatment for osteoid osteoma (OO), depending 
on the patient's preferences and medical condition, 
alongside surgical resection. It is important to note that the 
findings of this study do not claim surgery is superior to RF 
ablation. However, our study demonstrates that, despite 
RF ablation being proposed as a new method for treating 
such lesions, it has a higher failure rate in patients with 
peritrochanteric lesions compared to conventional surgical 
resection. This is evident in terms of eventual outcomes, 
recurrence rates, and the ability to obtain diagnostic tissue 
pathology during surgical resection. 
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